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Ri ser Adjustable Hanger and Seal Assenbly 5 Re‘a &ty
Case This application clainms priority fromU. S. Seri al

WO 20280 411, 176, filed Septenber 17, 2002cTA82063/@bado of

the I nvention The present invention relates to

adj ust abl e hangers for use in downhole wells, and
nore particularly to an inner riser adjustable hanger.
Background of the Invention 15 In applications such as
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the wel | head at the ocean fl oor. V%en tyi ng- back the

casing to the surface, the casing needs to be in

tension due to fatigue, buckling, thermal grow h,
Related Case put the casing in tension requires that it be

tensi oned and | ocked at the surface well head. 20 A

selTdixt egplication oslaing peoritarficem WS Farlahddb. n6Y/4 DE 116, efled

to appl ytensi on between the casing and the surface
Septeinbbrett] 200Ben dealing with heavy casing over |ong

di stances, the casing tends to stretch. Since the

exact anount of casing length stretch and the initial

length are difficult to determne, it is desirable to
Field OFRRNARRiohor t hi s di stance by an adj ustabl e | oad

ear| ng tensi oni ng nmechanism 25 In many spar
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wells, and more particularly fo an inner riser adjustable hanger.

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 h’techanism 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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Various types of sealing nmechani sns cooperate V\hewafct'i‘ezom
tensi oni ng nechanismto seal between the upper end of
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relati ng to downhol e adj ust abl e hangers an
particularly to an 5 inner riser adjustable hanger
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mechani sm  Many adj ustabl e hangers require rotation
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many applications rotation of a string or other
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hangers have significant disadvantages which have limited their acceptance. Those

disadvaﬁtages 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 applicatidns rotation of a string or other tubular at the surface,
particularly under conditions where that tubular is subject to high tension and/or
rapld 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




The i nvention also involves a nmethod of mnaintai
desired tension in a casing 2 13 March 2007 V%&%I%zom :
2004/ 027202 PCT/ US2003/ 029650 string, and thereafter
wo 2004ty i n a sealing assenbly for seal i ngehgineRdshe
wel | head and the tensioned casing string. 12 3 -
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strirlg) vesiat t}‘iyﬁedfter aamARG N GE svhidy éséénﬁtﬁﬁ f@SQ@éhhg HetivBEn the
present invention, there is provided an inner riser

weuﬂewahemeeteneassdc assenbl y or appl yi ng
tension to a casing s r|n " secured at a | ower end
within a well and supported at an upper end by a
wel | head housi ng, the hanger and seal assenbly
conprising: the well head housing having a housing
| ocki ng menber on an inner surface thereof; a
t ensi oni ng nechani sm for tensioning the casing string
and securing the upper end of the tensioned casing
string to the well head housing, the tensioning
mechani smincluding a plurality of axially spaced
tensi on nenbers on an inner surface of a tensioning
sl eeve fixed to the well head housing, the tensioning
mechani sm axi ally connecting in tension the casing
string to a selected one or nore of the plurality of
axi ally spaced tension | ocking nenbers until the
desired tension is exerted on the casing string; a
seal body for




positioning within the well head housing and radj.al
within the tensioning nechanism a seal body Sﬂlé’ﬁ%lj@#/chzow

radi ally novable into engagenent with the housing
menber to fix the axial position of the seal body
relative to the well head housing; an upper sea
assenbly for sealing between the seal body and the
wel | he ousing; and a | ower seal assenbly for
u ' he seal body and the casing string,
such that the casing string is tensioned w thout
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positioning within the wellhead housing and radially within the tensioning
mechanism; a seal body member radially movable into engagement with the
housing 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,

In accordance with a second aspect of the present invention, there is
provided an inner riser adjustable hanger and seal assembly for 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 hanger and seal assembly comprising:

the Wellhead housing havfng one or more grooves on an inner surface thereof; a

~ tensioning mechanism for tensioning the casing string and securing the upper
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and a |l ower seal assenbly

for sealing between the seal
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string, such that the casing string is tensioned
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In accordance with a third aspect of the present invention, there is
provided 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 tensioning mechanism for tensioning the casing string, the
tensioning mechanism including a plurality of axially spaced tension members
on an inner surface of a tensioning sleeve fixed to the welthead housing, the

- tensioning mechanism axially connecting in tension the casing string to a
selected one or more of the plurality of axially spaced tension locking members
until the desired tension is exerted on the casing string; securing the upper end
of the casing string to the wellhead housing; positioning a seal body within the
wellhead housing and radially within the tensioning mechanism; providing a seal

body locking member; radially moving the seal body locking member into

engagement with the housing locking member to fix the axial position of the seal
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such that the casing string is tensioned w thou

appreci able rotation of the hanger body. In f3hmHCh2007
accordance with a fourth aspect of the present

invention, there is provided an inner riser adjustable

hanger and seal assenbly for applying tension to a
casing string secured at a lower end within a well and

oo B ST AR B Sy s b
o5 St b B i e B e b6 een:anc
oo 34 RS Ao 20 50 3 85 s
s A e GhrRR Sk Psh rlpe,

into engagenment with the housing | ocking
haﬁ@%ﬁ@é’&fo fix the axial position of the seal body

R R I s
oI PSR Bl i S SRR By g o

a c%%fﬁp &qﬂ?o?é@u‘?ecfglsé Me?%h{i %hii}r?a mieﬂ'%'g%gﬁﬂ?ﬁéa BPM pper.end

apprec e rotation o anger n accor nce

by Wl ggihﬁg%ng,stﬂé%ngér éﬁl:?saw%!g?g | b s 4 gtwrbeflhﬁaéis

provi nner rrFser a e “hander sea

PoaS i TR U PRI BrfP Sl e eronin

meRRatiBRor %ﬁ‘ﬂio’ﬁ%ﬁgﬂhe Wﬁglhg %ﬂg’d@% M 'ng % Uﬁﬁ’@'ee{?d%f%e

seal assenbly nprisin ousi ng aving a
orE SO IR MRk BodP o ostoning witi

ace. o 2 c : r
the&ﬁﬂﬁegfa ht%%sh €3 ¢as] H&ﬂiy%él{ﬁ@n@ﬂ?be?%é!hﬂﬁo@é%lk%‘ﬁg [
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wel | head housing; a plurality of teeth radially
bodiPieiitive th HeOWEMERAHRRBINg; an upper seal assembly for sealing between
the seal body and the welthead housing; and a lower seal assembly for sealing
between the seal body and the casing string, such that the casing sfring is
tensioned without appreciable rotation of the hanger body.

In accordance with a fifth aspect of the present invention, there is provided
an inner riser adjustable hanger and seal assembly for 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 hanger and seal assembly comprising: a wellhead housing
having a plurality of axially spaced grooves on an inner surface thereof; a
tensioning mechanism for tensioning the casing string and securing the upper end

~ of the tensioned casing string to the wellhead housing; a seal body for positioning

within the wellhead housing; a plurality of teeth radially movable into engagement
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4b 13 March 2007 wth the plurality of axially
grooves to fix the axial position of the seal Uﬁ&aar"%dzom

relative to the wel |l head housi ng; an upper sea
assenbly for sealing between the seal body and the
wel | head housing; and a | ower seal assenbly for
sealing between the seal body and the casing string,
such that the casing string is tensioned wthout

withdbe eluralfy ef axaiin snacedoreanesta iy e adahposities af fpeseal body

seal assenbly, or the | ower seal assenbly. In
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invention, there is provided a nethod of applyin
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radially moving the seal body locking member into engagement with the housing
locking member to fix the axial position of the seal body relative to the wellhead
housing; positioning an upper seal assembly between the seal body and the
- wellhead housing, for sealing therebetween; and positioning a lower seal assembly
between the seal body and fhe casing string, such that the casing string is
tensioned without appreciable rotation of the hanger body.

In example embodiments, a preferred adjustable hanger and seal assembly

-for. applying tension to a casing string includes an outer housing or wellhead, a
tensioning mechanism, a seal body, an upper and a lower seal assembly, and in a
particularly preferred embodiment a C-ring for fixing the seal body to the wellhead
housing. The casing string is secured at a lower end within a well and is supported

at the upper end by the wellhead housing, with tensioning
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tensi oni ng nmechani sm a seal body, an upper an
| oner seal assenbly, and in a particularly prg]fSZMP‘@B‘zom

enbodi ment a Cring for fixing the seal body to the
wel | head housing. The casing string is secured at a
| ower end within a well and is supported at the upper
end by the well head housing, with tensioning 4c 13
March, 2007 forces being transmitted through the
forees Segi t‘i@nsﬁé@ﬁ‘éﬁh%ghmlgﬁcﬁnﬁ'ﬁwngemeﬁwlsme§VWQ§Umay set the
string at a selected s
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tensi oned casl ng e upper
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 refiable
seal between the seal body and the tensioned casing string. The upper seal

assembly may then be run
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assenbly may then be run 4d 13 March 2007 intg the
wel | toysan bet ween the seal body and the mellﬁ@ghph2007
Exanpl e enbodi nents nmay allow for the use of highly
reliable seals with few noving parts since the axial

adj ust ment provi ded by the tensioning nmechani sm has
preferably occurred before these seals are set. In
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he casing string. These an fea ures
bo@ﬁéiﬁ’d‘tsﬂﬂﬁ(@eoorfad@ﬂ?ﬁﬂ{v@‘a@”tmd' ments will becone

apparent fromthe follow ng detail ed description,
wherreéanhsie ¥niiteimesits, there may be an inclusion of a centralizer ring for
- centralizing the lower end of the seal body relative to the wellhead casing string.

In example embodiments, there may be a 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 features, and advantages of example embodiments will

become apparent from the following detailed description,'wherein reference is

made to the figures in the accompanying drawings.
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Description of the Drawings Figures 1, 2, and 3

wo Zoegeioer depi ct one enbodi ment of an i NNeprikHeo296s0
adj ust abl e hanger and seal assenbly, with the seal
body shown in the landed position and the tensioning
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_ q:u is a half sectional view depicting in greater
5 det é@qfeﬁﬂ% ajsg@iqnabyew denicting ingreatgedetalite Ianslediseg! hadv
the_| ower seal assenbly between the seal body and the
up égure fadenicts e gceaierr%etgll thenlpft fda theviensionmgomechapism
2004/ 027202 PCT/ US2003/ 029650 Det ai | ed Descri ption of
shomindn Eigusel 2imthediundmpssiton; i nner ri ser adj ust abl e hanger
and seal assenbly 10 according to the present
I négure Srlepictsvin desater detailtha vight didy ofthé tensi@ningmséchanism
a casing 20 (see Figure 3) positioned within a
in the setpobition pribserufiing thalsaling MecHahie iRtHeansli; aad Ng

10 Figure 7 is a half sectional view depicting in greater detail the lower portion of
the wellhead houéing with the lower seal assembly between the seal body and the

upper end of the casing string.




5 mechani sm 60, as shown in Figure 2. The well hgﬁglamhzom
housing 12 may include nultiple housing |Iockin
menbers 14 or other |ocking nmenbers which allow

wo M@fbRus styles and types of bodies to | apgy@iphsands be
reliably secured to the well head housing 12. An upper

seal assembly 16 (see Figure 4) is configured to

Detﬁmﬁ{gégcﬁ | us between the seal
itl&ﬁ]gf mhodh . The 10 seal body 18
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o mec}aﬂ@ﬂ?% as S!i!gwarm ereﬁ r Thg " wallhoash fousipg Li2amay ynalde
radially projecting dogs. In other enbodinents, the

muliiple 5puging @@kmg femthered omthaﬂgchm meantbars whichaliawdarious
portions of a threaded section, in which case the

stylescaind ypey of deidiasgtoniandeut and ibs lphﬁtﬂyesammd do ttihe ealbieshd
menber. The housi ng | ocki ng nmenber 14 may be wel ded or

housind d BwiAseupspec seelcassembly 1ofsee Figupe d) isvednfigerd tb ensighe.
Bel ow t he | ocki ng menber 14, an outer tubular or 20

and sbsl®Tf the anamue bbtv@é@'thé’séé?%ﬂﬁ% bid delifddd hdd@:n@ 12. The
sui tabl e enbodi nent, the wellhead housing | ocking
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housing. I'n a conventt onal e string o
o 2 5 10 B B B
ey W e MBS ARORRLE T,
t hfheaigo%%%r}é Igctﬂ(til?gcnqgl%btep 12[ may Be a plurality of axially spaced grooves,
in which case 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 embodimenits,
the housing locking members 24 may be rédially inward portions of a thi_'eaded
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 fo a
conventional wellhead housing. Below the locking rﬁember 14, an outer tubular or
- 20 riser is conventionally secured in a well. In a suitable embodiment, the welthead
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 innher
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end of the casing string 20, so that the casing
20 is tied-off to the inner tensioning sleeve @Mﬂd&om

which in turn is axially fixed by CGring 64 (Figure 2)
wo 2b@ogaoout er sl eeve 66. The sl eeve 66 i S pg@giosibbe3o

the wel | head housing 12, such as by 5 welding as an

extension. An outer riser 61 is threadably secured
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grooves 68 al ong the I nner surface of the sleeve 66
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end of hou5| ng ( .
e €53 n o e R ARG Bl
stecirs, "1 e 68 i Beredh Y e Brllneckl listig, P ey i by
woldifg 5 58 FRefiBIohn A e & roabi pAGHF sibfom below 1o e

subseguent | the seal body 18 and | ower seal assenbl
sleeyg 63a%ﬁ?@€f'ﬂ¥lh spaead qreeies BBiaianadhe inner prdace eitihg slpeve 6%
the well with a running tool after the casing string
provide farengagemant withéhaeeiha 6t s theopparendef thewelliead housing
the casing string 20 is tensioned to 15 the desired
12 rayinstudeBe cansectohprofilet 1 (seofFig.ht) foaditegoanedtiog ta Wipper
tied-of f using various slips, hangers, or cenent,

equipmeat iddiceteegemerally at BE, a.g)arBOR, 4 86, oMaspool housing. C-ring
i nterconnected wwth the top of the casi ng string

24 isilppsrtb Baitee up;ﬁlertém of B 24l ISddy 180 aRfl fu.ﬂﬁané 85'fHeQb&éhg

casing is set utilizing a running tool 65 in the known

mecﬁ@ﬁl@rﬁrfdﬁ&hér%@ﬂ bloﬁ Hgdty ﬁleswelg‘%aﬁfﬁ S|ﬁé“32deﬁ\b d%t%ned

tension In casing strin us reac
e 0 S
o RGeS od e B

' col | apsi ra aII i .nwar dl nd unl ocki n
tensrlogw,glrﬁ rla%bq g ar% un in, and after ﬁ"ne casing stﬁng %b |sten3|oned to

the desired degree.

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 fool 65 in the known manner as shown in Figure 5.

Atfter the desired 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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of f and energi zes a support ring 26 that incl ud]egsﬂﬁmlﬁszom
portions which nove radially inward of and axially

| wo 284o9m®d W th the split ring 64 (i.e. betyeRibiRcR it

ring 64 and the tensioning sleeve 62) to maintain the
split ring inits radially outward position. The

stacRs'OPahd %ﬁérﬁﬁegé s[@é{ort rﬂ? %&iﬁaﬁhéi&d%fg%gt?gg M@ichhc%?écﬁéhy

ownwar dl'y“projec ngers,

:nwa%l ?M %E@R}ﬁqghé& wﬁff ntenné’ 64 (:fle | b&gg&?{hte ﬁé%@ﬁ‘lg'b‘i ahat

Sin

the feﬁgge‘@b?ﬁ%evsgﬁﬁ?ﬁd 2k wa@h SRRl Wf&*?@?ﬁ%@é@‘%d
T BHiBP4Th a6 8 s LS PUAHITIBIPRAD) shGpigougMiaray projecting

Furt hernore, the desired tension is obtajned wthout
fingers: becayge & ¢irunterentiallyicenpiate jon dulheupportdingis 8othaaHifetd

housing 12. This feature allows tension to be pulled
Theentirheasingsstriag 20 isnpve Gomipletely Handeds iang ipttensign.2dviost

| ocked in place without the necessity of any
impartamfipiketasing stting 0 hads lsexn teasiomey! to the degiréd amduntywhich is

tension by the tensioning nechanism®60 is illustrated

veryiimpbitantrio the peliability of therthigadet vensesiond delyheléasing joints, -
well. After the first running string and runni ng tool

Fu ﬂl’f&nﬂ@ thedédiRMashsidrie oBRiHddwitholbroRfihyeitiortHecasing |str|ng
body 18 and t he casing string 20 is sealed by seal

20 o?i’tﬁfWéhI5(e.'=ﬂ)6hous‘l’hagS ?ﬁoﬁ@hé Té%ﬂ]r@ %llbf?@ 'ter%?orpﬁi b plled fiethe

body e seal assenb below it may
st 305098 S o S B sty
e S B A B B G DT %e#;en@.%ﬁ@g
‘mechanis07s luslated B IS AT RBSURTNG LSRN podt I drNaL

at the roper tinme. If the seal assenbly 46 re
en@“@jéhep? ieshEENRling §trmg gn@ sinning teebfp are retrieved, the annulus

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 steeve 30 supports

the seal assembly 46 and is landed on foad shoulder 32 of the housing 12. The
seal assembly 46 is protected by a centralizing ring 34 located at the lower end of
the seé! hanger body 18. It is critical that the seal assembly 46 energize at the
proper fime. If the seal assembly 46 were to engage prematurely, it could become:-

damaged and thereafter adversely affect sealing reliability and ;:apabi[ity. To

- prevent premature energization, a detent ring 40 (see Figure 4) is supporied on the




damaged and thereafter adversely affect sealingsparch 2007
reliability and capability. To prevent premature
energi zation, a detent ring 40 (see Figure 4) is

wo 2604padit ed on the 9 13 March 2007 WO 20pd 0266339650
PCT/ US2003/ 029650 seal hanger body 18, with the
setting sleeve 30 being fixed to the seal body 18 by

seaPfingh bBRY ?s,%ifwmafsﬁﬁggﬂeeﬂvbmm@q&ea W6 &e SRMBod218 by

e ‘hunber and size o shear "pins is a funct’ion

oneXr thi}e ﬁikﬁﬁgﬁ%{:{ﬁ@? is@étﬁt}:ﬁ@‘ne%??ﬁb 29 HPRhuHIE A8 5% the

The se s set above the tensioning
sheBE SR B hO BRGNS Bt e ol aSE bR BT
body o S 165 ol Ale i Jtiiantii Mesfenisth Phuh ey the

5 seﬁ%%%?ﬁqegé%pg%pﬁ\%%owéj quLPsEr}%g%r ap ppéi&tlng ﬁé%%f ﬂgshggr pins
tensi oned. When the setting sleeve 30 reaches the | oad

42 ansihe detent ing 40+ e sealhodydds thegetting slravecits and the lawey

outmardlz by springs (not 10 shown) are pushed

seal agsiembly/46 awaihus prefe rundul tegether ool ruapipy hepl il catter the
detent ring 40 to the position shown in Figure 4.

casinpi drindh 0 ialtbusisnddie VWWharathep seatiing 2ldeve sSHesgachses thadoad
in Figure 4 upon a selected | oad applied by the

shoulden3Nngn e outgr idUsh¢otR, bixtiong 44 biaBed beivlardly by Sprifidsainot
the setting sleeve 30 may | and out on the seal hanger

10 shoWAfAte pLSh&NAIRAN Inwiié, tHerBYddially Rofisird e B8Rt ring 40 to
as}s:%rrbplhy 46 betg/een the segll?é body Tcgjsl and 't he i%ner

- the pSERAPE W ’ ngﬁe @.Iz Thitineh dlléw@@%ﬁ%ﬁ%iﬁ&ﬁ?ft? *ﬁieisar as

casing string na preferre i‘ment,

ol it B Ao o A o ARG Guof g
runrﬁli(f’ ﬁgﬁ#g sé’ g}ﬂt %I%Z#%s’l?«p@%gglatgﬂ ﬁuﬁ ena{Iﬁasésth'Ebr{dér E;gdy

18 and continue dowﬁward {o set the seal assembly 46 between the seal body 18

15  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
.resuits in setting the seal assembly o reliably seal between the upper end of the
casing siring 20 and the lower end of the seai body 18. In an alternate
20 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

10
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casing string 20 and the | ower end of the seal go@%r 007
18. In an alternate 20 enbodi nent, an outer surfa 5‘1‘2

t he upper end of the casing string 20 coul d be
wow@Epened to achieve a simlar result. AftecTUkmiBERHS
body 18 has been fixed to the well head housing 12 and
the |ower seal assenbly 46 is set, a third running
lowieo tile et seal aBsembly )i Grimty thewels eThe third fbhniry tHeresma0hids
WD 2004/ 027202 PCT/ US2003/ 029650 | ower the upper seal
be asshiotxialll Move the dgper vedl bssetilsly | Brbeh o Rtk psiticto tidset

may thus be used to axially nove the upper seal

poditiciea® showR ih IFRJlire 1, 40-thAt #aSddtiseBl h&sdnhly I8t reliably seals
position as shown in Figure 1, so that the set seal

bet%éﬁﬂ@ Welleati HoligiRg N 236@ the s@qgﬂﬁﬁﬁﬁ‘st li* o rldI r{]ﬁﬁﬂ% tool 69

housing 12 and the“seal bod he t runni

mal B BtEHTB 10 B ot | é@ia‘?ﬁ*%d%bf%ﬁ‘éﬁfﬁ%@%% %ﬁ@%‘ﬁé
ha@?ﬁ%vﬁﬁ%%séﬂa&x%ﬂyﬁm Salanfal %ewnﬁpﬁa?@shﬁwgﬁ

t he vention_ u izes large dia
oI et BT BSlabRger R0 b inetssens Bnuan Aot frege
settl al | ow substantially full bore

n Ieeve 30 to
dlaraef@ég@%fai oW passagaays ifoe soal Bety 46,m6d The Setting SReXrB0 &

of the bores in 18 and 30 are each substantially
aﬂowauéstaﬂtaaflyrfulgb@rgta@cessiaﬁhe anulyl. dverearariidulariyetheatiamefer
20 suspended fromthe well head housing 12. In an
of the theremine1@minddiGrara patth subgipntially emlabios entteaterdibnl thee
run in the well wth the seal body 18, and in still

diarhetet bfthe eabindi20mutperideel fram @ie welllead $oasihbyi2may be
seal ed between the seal body and the wel | head housing

as;mﬁdrma lefribdlingenitthe hﬁpéﬂ%ﬁ%bm@{y collR} BE&RAR In (RERE
y between a run-in position and a set position.
with the seal body 18, and in still further embodiments the upper seal assembly may
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-0-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 welthead housing is highly preferred, however, since this type of seal
assembiy 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

11
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An O0-ring seal between the seal body and the I

housi ng coul d thus be wused, replacing the se\gﬁ3ﬁ%ﬂzom

assenbly and the need for a third running tool. A seal
WO 2@ge1l y 16 as di scl osed herein that. utpCT/Ees3RIE

novenent of the seal assenbly relative to the

wel | head housing is highly preferred, however, since

intd i seléoted grjovs ealockGhe teivl daspigostiigte ehilhbad housing.
reliable and Iong termseal, which is generally not

ThROSSing Mmayi bd a@ﬂvéaad I mgde%ﬁéd bY & hosaulictig Spo¥ered setting
mechani snms may be used for tenS|on|ng t he  casi ng

me%héhlgﬂi w.tmh %@uﬁmﬁ o ra@ﬁmpmsﬁtﬁef@naghmg%gh@g&h@o with

uses CGring t out war

i AR FIOH TR TR0 2B Dy SELRESH

gr oo tension casing s

| e
maﬁ‘@ @éﬁ%@%iérﬁ&w%ﬁ%@iﬁ 6 BBl eBbhidi sk siog
t hi therunnln t,00l ich runs the tepsi

to Hlec Walheail b n Yaiings tesBninliSs o §o8 e tioadh efiiely

In an alternate enbodi nent, a ratchet nechani sm5 ma)é
chanige bedengih qidhgitepsionpd prsinghsiring 23 r Antreacigd| it kY be

the tensioned casing string to the wellhead hou3|n?
lowggad enfe asbeudeixed taihg W"b@ﬂcb’@ chigage the tensienedilgnrgty of the

change the length of the tensioned casing string 20. A
stringwr whitkedn wther eybdsiimentevan adjustment amedhenisie mhiote ihclusles

the wel |l head to change the tensioned | ength of the

rotatblergpmpamiehis ay bk hpovided befowetht Joach baatingsshoaider on the
mechani sm whi ch i ncludes 10 rotatabl e conponents may

welD%aﬂﬂ'@uslﬂﬁdlrhﬁhWbﬁdﬂ@ﬂoﬂQdm%&éﬂ , ferattes ddisdt piterttb eoquire

wel | head-housing. I'n many applications, however,
rotHR oFledtfing! %:rfc‘:@texﬁé%@rrloﬁ@aﬁ& Fél'étfx/@ly é)@bﬁéwé’fhr@éds%nay be

string, since extrenely l'ong and reélatively expensive
 reqhif FRASCHIRY thE desired tension in the string, and since the threads may be
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

12




required to achieve the desired tension in the
and since the threads nay be subject to high Igl((]dap('%zow
forces and galling. Mdrreover, the well operator
WO 2004(627%20 | y prefers 15 not to require rotaPCOIS63/29650
string at the surface, particularly when the string is
subject to high tensile |oads. The present invention
moped wkidihsbpatshiting sieve dothegset pesitiani $he asttingoperatiomef the
mechani sm whi ch do not require rotation of any tubul ar
lowet sealdmagrbec acooniptished by vatioud Bremetive tdchnigudy ahe wilkte
enbodi nent, the sealing assenbly includes an upper

apeRchtitd ﬁms%%kméé fTMAb VA Cdis d@tldheréin 28llowe R Séaliny ra%@&ﬁbly
‘ of the wellhead housing, and a |ower sealing assenb

is p!%??férl;b aﬁﬁi‘rﬁ?d‘bélﬁw% ieﬂQ?Funﬁ Nécﬂﬁﬁ“ st wﬁf&ﬁ i tH? seglb body,

east one per pfopor lon o

o ol B AL G
s0 %gg@%ég@&rmg@q IRk %/"Pb%% #}Sﬁ\&% ppyn%v;\)qge casing

settin ve tq.the Qsi tion. The setting
Stigpigaens o ihe RES gy S SetHoAg MBENA Bl | shec by
varjious alternative techniques and wll be fo
{ o ThRAHRPSE Real Bssembly IReasshoWNAB Figuse Hds alsornse erably 8 ‘the
| ower sealing assenbl is preferably provided bel ow
type whichdsaioved %gmtbe rumhgesitienh ite theadet positiarnzy dalmasent
5 the setting sleeve, and the | ower seal assenbly to
10  of theseal assemblyfwth rasnechhpihiemmllhemhousimg.tha!;hdmeindﬁguriaﬂg '
mechanismw ||l reliably seal the well head housing to

an duter safpice of thetgeahghdyeldas thietaparbd tdimope tid seabagdeniohe16
tensi oni ng nechani sm The upper seal assenbly 16 as

el ARG SRR AT S e o of v
weilﬁ@éﬂ 49 WheR theadafthg FEMERMB s moved from the run-in position tothe set
position. In a less desired embodiment, the inner surface of the wellhead could be
15 tapered to achieve substantially the same result. The known and fixed positioh of
both the upper sealing assembly and the lower sealing asse'mbly 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,
20_ 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 welthead housing locking member may be

13




10 of the seal assenbly with respect to the wel d
housi ng. As shown in Figure 4, an outer surfaceiég&aaf%@om
seal body 18 is thus tapered to nove the seal assenbly

WO 20@/0272¢edi al | y outward i nto seal i ng engagerenusaiagsss
cylindrical inner surface of the wellhead 12 when the
sealing assenbly is noved fromthe run-in position to

sedunad toche watlhedd housirg) and ey taldethie fath eftbddllyspated thivads
i nner surface of the wellhead could be 15 tapered to

on akd)icenthRuBSgraotd at laxially Gﬂéﬁde[obﬁiﬁy | droovERe al§ hewnaif cthe
fixed position of both the upper sealing assenbly and

prefifed MBIdiMEAL. IThe BeSG R obIBh ek het Stthdiad tyie s'éﬁﬁﬁ'Jldy

housing thus provides high relTfability at a relatively
mayﬂi@! & eStin Té??%c@%’eh'a%@v Nk 'E)fsﬁé’fr%d ‘@rﬂﬂodﬁﬂé}{tﬁ,céﬁheof the
at an operator may I nstall e hanger w an
r | | the nge ' '
5 woltRS8 ubihal b Rud HhFer 36 IRORRD rR0y dogehnd Bl e
: setting sl eeve 3 sitioned ,jn plac o,.serye thejr
proffid PRrRe iR ALy ebdiRg boyel ) Hehtisotiaieh gLian B sesthhoy.
ref er abl rovi ded, on the wel | head,, hoysi ng and on .
ThE feekigmelbeys b Sl B iy @rﬁaﬂ@'{s} oy thelisepesivg
be 13 r,1 13 March 2007 WO 2004/ 027202
suppertingszesosro 4o grdersedemberimgnishibelrghingemembens spareratgtel
may take the formof axially spaced threads on the
provdelocking surfaeescaxtendingaircurmiererdiplicalbut aldéast 0@ degrees and
as shown in the preferred enbodi ment. The cooperating
10  prefecatity aipputattenst 270 dedrees ofthe imaginaty ibckihg ciraley be a
C-ring, as discussed above. In preferred enbodi nents,

ea@ifeafuré bethe indritibe aothBotheisedls| asdk ingariieuliahe dwbrisksl,

seal body | ocking nenber may be
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 .

15 The foregoing disclosure and description of the invention is illustrative and
eﬁcplanatory 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 dé.tails of
the illustrated construction or combination of featurés discussed herein maybe

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

20 following claims.
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provided circunferentially about a bore of the i

and the OD of the seal body. The | ocking nenbé%gﬁ%CH%OU7

preferably extend circunferentially about their

respective supporting nenber. In preferred

enbodi nents, the | ocking nenbers cooperate to provide

| ocki ng surfaces extending circunferentially about at
CI.Ieast 200 degrees, and 10 preferably about at | east
218, degrees of the imaginary locking circle. A feature

RS B R 75 60 e A
cas R0 b 5ok BN B RS EADBASER S wampa v
L f_th ' .. 15 Th
welll?%%ggogjlgha?@ﬁ?@?g@fﬁ%&%ﬁiﬁ%g@@[ﬁ ‘%’hpgﬁ't”gf t he ienvent ion

et HBkpEhoHnGiing g BOARR) B et Bha ey ey

therécﬁ' the art that various changes in the size, shape of

materials, as well in the details of the illustrated
o B3 sinG hethal Qb Rk BRI o BALHE SR %2 ing the

cppdf ST e Rl bacl) i 7 ERGEA RN tng Bongioning
mecharigh iRAldiR & Bl RaiAR ARG AILcEE Rensirf bl arARRL uRoe

tension toa casing string secured at a I ower

of a t@n&i:ahiﬁggléé% fixé&@ tlﬁﬁgr@ﬂ{éa@q\oﬁgingﬂhé Pe?%[onﬁgﬁ%%haﬁism axially

wel | he housi ng, anger and seal ass

oM eI RO FSU08 o) sty o
axially spaced tension locking members until the desired tension is exerted on the
casing string;
a seal body for positioning within the wellhead housing and radially within the
tensioning mechanism;
a seal body member radially movable into engagement with the housing
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,

15




a tensioning mechani smfor tensioning the casi ng »r.1 2007
string and securing the upper end of the t ensi oneq
casing string to the well head housi ng, the tensioning
mechani smincluding a plurality of axially spaced
tensi on nenbers on an inner surface of a tensioning
sl eeve fixed to the well head housing, the tensioning
chapi smaxially. connecting in tension the casing
and qeﬁgchg @'@@mrraﬁ%b'%ﬁo & uBperiRal samRlY; tp jhclpwer
axi allly spaced tension |ocking nenbers until the
Semé@%@?@%'tension is exerted on the casing string; a
seal body for positioning within the well head housing
and radially within the tensioning nechanism a sea

nodeh e st detie FRYRE e SHel pERARTR A= GFERL P cal
iR Sty Wi L SER% FRHSLOR e bS5 Phe
' I i ng.,. and I I nbly f
rpd B e S eal body and the casing string.
such that the casing string is tensioned w thout
appreci abl e rotation of the hanger body, 15 13 March

209 T A0k 38 8BS P Ml S AR EGT,

t he upper seal "asse ower seal asse

cdﬁiq' er riser adjustable hanger and seal assenbly
furthérs d IS@a in Caim1l, wherein the casing string is

RS : o hl . _ -
e 10U SRREE! A bosp Ll e ol i BRS
inneﬁﬂrﬁéﬁé ?Hh@ sBAAY iBHere@ngssenbl y as defined in

aim 1,

a setting sleeve moves axially 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.

4. An inner riser adjustable hanger and seal assembly as defined in Claim 3,
further comprising:
at least one shear member for interconnecting the setting sleeve and the seal

body; and

a detent ring radially movable to allow shearin'g of the shear member to set the

lower seal assembily.
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further conprising: at |east one of an outer surfgce
of the upper end of the casing string and an mn@%mhzom

surface of the seal body is tapered; and a setting

sl eeve noves axially relative to the seal body to nove
the | ower seal assenbly into sealing engagenent wth
both the seal body and the upper end of the casing

stripg, 4. An inner riser adjustable hanger_ and seal

aséefﬁfgme%@,sea afiigiale hangprand spal agsembhens definsdinClayn 4,
frtat | east one shear nenber for interconnecting the
UrtheEEAMBIBING eeve and the seal body; and a detent ring

radi al | vable to all ow shearing_of the shear mepber
! o el 8P S el SRAATRYONS i rabying B S g
An.inner riser adjustable hanger and seal assenbly as

ram%thWﬁg‘i n Claim4, further conprising: a plurality
of circunferentially spaced buttons for noving the
detent ring radially inward. 6. An inner riser

o & @B&ﬁp&fﬁﬁ%&m@@ﬂ:@ﬁ@% %rﬁs‘fsse%"%nﬁfv %s?%%f@%@ fgim s,
Rt EISL0t i 7. he set tino s eeve and the seal body,

Su&%&ﬁ%ila%@ib?é‘é&ént{rﬁrg?%ﬁS transmtted to shear the

shear pins"to nove ent ring
one or more shear pins for interconnecting the setting sleeve and the seal 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:
a plurality of radially moveable buttons for moving the detent ring into a

collapsed position prior to shearing the shear pins.

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

Claim 1, wherein the seal body locking member is a C-ring.

9. An inner riser adjustable hanger and seal assembly as defined in Claim 1,

further comprising:
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radially inward. 7. An inner riser adjustable h r
and seal assenbly as defined in Caim4, furthgﬂgi%mh2007
conprising: a plurality of radially noveabl e buttons

for noving the detent ring into a collapsed position
prior to shearing the shear pins. 8. An inner riser

adj ust abl e hanger and seal assenbly as defined in
Claim1, wherein the seal body | ocking nmenber is a
Cring. 9. An inner riser adjustable hanger and sea
assenbl%éas defined in CAaiml, further conprisin

412 SYpPQEIing, &t feasirpportign e el ts Rositignable radially inward from and
. portion, of ich is posjtionable radially inward from
axia )ﬁa‘%ﬁasfq Sﬁ\i\gtﬁ@et%ﬁ% 5?@1 %quW’QC{“BQ fhemeenior rgta gk they
r for maintaining the, seal body |ocking nenber
soal ot ek g fovdrbersg i the PRysiag RekpBmaber an
i nner riser adjustable hanger and seal assenbly as
defined in Caim8, wherein the Cring is carded on

e nechice Rl Bt lostdlidipe g o
e RS e A B B D oy

seal body for centralizing the |ower end of the seal

body relative to the upper end of the casing string.

221380 R bt Yo P 085E5 i 38 Renfis T ¥
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:
at least 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 {o seal between the seal body and the wellhead

housing.

13. An inner riser adjustable hanger and seal assembly for applying tension to a

casing string secured at a lower end within a well and supported at an upper end by a

18




at | east one of an outer surface on the seal bop_yM%p 2007
an i nner surface on the wellhead housing is tapereoc;

and the upper seal assenbly noves axially relative to
the wel | head housing froma run-in position to a set
position to seal between the seal body and the

wel | head housing. 13. An inner riser adjustable

welgGRusER: 1 S Rea e Z%EF&%E%%{% H ﬂ?h"g wel | and
18 13 Mar. 2007
Z% Robeag hoflod PR ﬁ@%géﬁor%rneaogveesgOnaayéﬁwﬁaci theredf;
or o33 iy 1 AR B S BB sRBriTR e upper
ond BERRIN IR Yash 38T B 4P Al e i itmeehaniey
incltfd‘fhcqt 4 @u?’gﬁ{f & %%QIIW%QI%EH ge%r{stb‘ﬁ th Bé&@n%&%&%ﬁﬁé&f a
Including’a plurality of axially spaced tensl on

tens@@?t%&g@{ﬁﬁgﬁ'% tﬁ?WelllZééLof lﬁﬁl%ingf th ter<iShi lﬁ%&%n‘? EXiSity

hea ousing, the tensio

Qonﬁgt%ﬁ ﬁ‘litéﬁ@i@r?‘fh@léaéﬁing%9@9?&@5@%&& Jn?rbt?ifqgﬂe me&)ﬁélﬁg?f

strihg to a sel ect e or nore o plura

axiaffyRlcky téﬁ%ﬁ‘?ﬁeﬁ'lg%%iuﬁﬁ\ tﬁ%ﬂ@ﬁfeﬁ tehior is EREtEESH fhlé%ggigg string;

t'ension 1s exert on t casing string; a sea

f of sBaHddly B Reitivhihg WithihtGe W%Ilﬁéé%%Hgmg $hA %adif within the

radially within the® tensioning mechanisny one”or nore

tensiofRigimé@@hahl;y movable into engagenent with the one or
nore grooves to fix the axial position of the seal

bogife bemakd tsthtradibiembRAtid R eitRideiidsi wRithdRPB or e
assembly for sealing between the seal body and the
grooves tdaRe akigsdsiion ofhé 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 seal body,

the upper seal assembly, or the lower seal assembly.

14. A method of applying tension to a casing siring secured at a lower end within

a well and supported at an upper end by a wellhead housing, the method comprising:
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a lower seal assenbly for sealing between the s
body and the casing string, such that the casifi#JMCh2007
string is tensioned w thout appreciable rotation of

the seal body, the upper seal assenbly, or the | ower
seal assenbly. 14. A nethod of applying tension to a
casing string secured at a lower end within a well

~and _supported at an ugrfzer end by, a well head housing, .
t her CAPRMINg 8165Ganism or tensidning the casing string, HiejgRsipning

T RN R ST SR LT
ot Bl ot B AR B ARG5S vy
con SRR B R SRR R b
ol R T AR Sl b PSR e

. Jted on the casing string; securing the upper end
casug@(gt['lﬁ casing string to the well head housi ng;

0oL A BRY oLt Bl RubRER ol
P B 5P o VPR b

[ king menber to fix the axial position of
tens’taﬂ@aseahah%@')’/ relative to the well head housing;

oG TR PRy Fgeoer] el een the sea
t NRIRIG MR th@B8hI body locking member into engagement with the housing
locking member to fix the axial position of the seal body relative to the wellhead
housing;
positioning an upper seal assembly between the seal body and the wellhead
housing, for sealing therebetween; and
positioning a lower seal assembly between the seal body and the casing 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
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positioning a | ower seal assenbly between the sggh h 2007
body and the casing string, such that the casi arc
string is tensioned w thout appreciable rotation of
t he hanger body. 15. A nethod as defined in O aim 14,
further conprising: tensioning the casing string
W t hout appreciable rotation of the upper or |ower 20
13 Maych 2007 seal assenblies. 16. A nmethod as

Sem&@?ﬁﬂ@ﬁsin Claim 14, further conprising: providing at
| east one of a tapered outer surface of the upper end
of the casing string and a tapered inner surface of

oG DAy n| ?'@ﬁgiﬁsfurba%ygmih%evzxfgl 'y ovi ng
t nE VBl edons e ekt |aPﬁ R g HeRERd ST
CaS"%’ bitng Mg Breliif o Setefe pf FBR el BB 1 14° Firc ner
or B A spPl eV Atiel i ?‘S’fe rﬁBa%"é K¢ Ble B age
t hgx@ﬁ; Hoo‘ggsi é’tﬁ Qlegg ?el%ﬁ/aq t‘osﬁ%e& rpg'&yh@ﬁy%?gﬁ% lower
seal %b%ﬁl uﬁ ls@?:ﬁl %bg@gm ‘?&W@?fﬁ rﬁg@ eﬂ?éﬁf%ré% H lfpger ER& of

the éb‘érngféfﬁ r%f1er corrprl sing: providing a support ring;
ng at least a portion of the support ring

rad| aIIy inward fromthe seal

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

providing at least one shear member;

providing at least one detent ring;

interconnecting the setting sleeve and the seal body with the shear member; and
selectively radially moving the detent ring to allow shearing of the shear member

to set 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
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body | ocki ng nenber,_and 21 13 March 2007 aX|ng%mnh2007
nmovi ng the support ring relative to the seal body

| ocki ng menber to maintain the seal body | ocking

menber in engagenent with the housing | ocking nenber.
19. A nethod as defined in Claim 14, further

conprising: providing a centralizing ring;

positioning the centralizing ring at a | ower end of

the seal body for centralizing the [ower end of the

seal. pody relative tq the upper end of the casin

ot ATALY M9YNG Ko SuRRRR g BtV thet Al RodInekng mARIBeR)

.as.senbl s defined in Claimil, wherei he .seal . .body
maifiSAae B PR QBN TS DRt g OB W (e hOsiRS Bekips

l,ocki ng menber noves into engagenent with the housing
men%egki ng nmenber. 21. An inner riser adjustable hanger

and seal assenbly as defined in Claim13, wherein the
seal body |ands on the well head housing before the

ol RSB EGL C T
I Eopig g, L ooy 29 detined 1
Ukl oG HEREE S o 1 5300 3 o

e BB S RS LT S A B B >

20. An inner riser adjustable hanger and seal assembly as defined in
Claim 1, wherein the seal body lands on the wellhead housing before the seal body

locking member moves into engagement with the housing locking member.

21. An inner riser adjustable hanger and seal assembly as defined in
Claim 13, wherein the seal body lands on the wellhead housing before the seal body

~ locking member moves inio engagement with the housing locking member.

22. Aninner riser adjustable hanger and seal assembly as defined in Claim 13,
further comprising:

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

a settling sleeve moves axially relative to the seal body to move the lower seal -
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assenbly into sealing engagenent with both the %ﬁ&! h 2007
body and the upper end of the casing string. 2
i nner riser adjustable hanger and seal assenbly as
defined in Caim22, further conprising: at |east one
shear nenber for interconnecting the setting sleeve
and the seal body; and a detent ring radiaIIy novable
to all ow sheari ng of the shear
| ofEFerallynto,sealing epgagementith rbﬁﬂ\rth? ﬁ@@rboau Pu@ t'bﬂaumer end of
hanger .and seal assenbly as defined in O aim 22,

the HQ'Ekonpr|S|ng a radial collapsible detent ring;
and one or nore shear pins for interconnecting the
setting sleeve and the seal body, such that an axi al

force,is transm,tted to shear t she ns. tQ.nove
t n@Scan BRpr e gasBBle RnOR Tt sel eserily SR 4S9Pd thanger
cl .a% ?UE@I asserrb as defined in CI aim13, wherein the
aig menber is a Cring. 26. An inner

| S%ea%#n 854@?%%?%@3 rbERing 138 Sqlng R S e e

1y moveabl e relative to the seal body | ocki ng
bo{j’ﬁéh@er for maintaining the seal body |ocking nenber in

oS B i S PB R RSB Byl st v
Ioweggéélréggerhﬂy,d aim 13, further conprising:

24. Aninner riser adjustable hanger and seal assembly as defined in Claim 22,
further comprising:

a radial collapsible detent ring; and

one or more shear pins for interconnecting the setting sleeve and the seal body,

such that an axial force is transmitted to shear the shear pins to move the detent ring.

25. An inner riser adjustable hanger and seal assembly as defined in Claim 13,

wherein the seal body locking member is a C-ring.

26. An inner riser adjustable hanger and seal assembly as defined in Claim 13,

further comprising:
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a centralizing ring positioned at a | ower end owaale 2007
seal body for centralizing the |ower end of the Sea
body relative to the upper end of the casing string.

28. An inner riser adjustable hanger and seal assenbly
as defined in Claim13, further conprising: at |east

one of an outer surface on the seal body and an inner

axiaﬁ%?s@"%g%:rei%@&rﬁfbé AEaRortypfiy rhem B o ey iphung he
soal e 5nd 80P BistRatameRL B 4P oty PAp e Homber.

wel | head housing. 29. An inner riser adjustable
hanger and seal assenbly as defined in Caim 13,

i LohRIRE BB P Hhasr SR eSacrB e Cffim 50

fuﬂhypgcﬁﬁbr?s 7 30, An inner riser adjustable hanger and
Seal ‘assemnbly for applying tension to a casing string

Segupafl i?fnrc_' 3 nb;?)wgﬁioﬁﬁj?t‘#gé@gpe@ Hhd s%ﬂ goﬁgﬁyp %ﬁtﬁaﬂ(z}j RS the

an upper e housi ng; nger "an
I ISk RO [ havi ng a
lowe] B oS B o BT B b Bt DR BT Py 27 Lo
tensi oni ng nmechani smfor tensioning the casing string

and securing the upper end of the tensioned casing

St 58 h ih ér-i%{ : [ i

pos‘?t i olnﬁ%'gg\%r tﬁﬁ%@?ﬁga@g I ng%gaﬁ%sﬁgﬂ? I ;o a e%"lég(? '“b%'ﬁ‘_\}“ 13
furthbO&dmfpgingenber radi al Iy novabl e into engagenent

Wi t h.'t he "housi ng
at least 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.

29. An inner riser adjustable hanger and seal assembly as defined in Claim 13,
wherein the seal body is fluid impermeable from the upper seal assembly fo the lower

seal assembly.
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| ooking menber to fix the axial position of thessgal 597
body relative to the well head housing; an upper ‘sea
assenbly for sealing between the seal body and the

- wel l head housing; and a | ower seal assenbly for
seal i ng between the seal body and the casing string,
such that the casing string is tensioned w thout
appreci abl e rotati on of the hanger body. 31. An inner
riser adj ust abl e hanger and seal assenbly as defined

2l AR BRer WO&' g&téﬂ?@ hﬁ@ié%dsiéél Qgsén?blg?cgsdpﬁm tension to

vv|t lout appreci ab rotati e upper

a calfff'suBRPIRIE At & Huer S0 WA o elRine Mo HBHEP bEad ARG end by &

asse

wellfGRGBIRP i nbf%es %Ff %Es'za%%vﬁbf I ?LgaQnS“taﬁr
st oy JRGB R DeiRass diau el iackingE Pehen ST ny npgy purtace
th %9? nove the | ower seal assenbly into sealing
9
of

agement with both the seal body and the upper end
casi ng, st.ri 33, An inner _riser adjustable
Riogih WeBra HblpoiesinaL i i ST S39unng the upper
further conprising: at |east one shear nenber for
end ptih eﬁwaﬁwr@g)wa Hng; i the veellbpad ieusing t he seal  body:
and a detent ring radially novable to allow shearing,
ofa serl borwior mﬁbamgwtmgh&w@lhead housing;

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

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

a fower seal assembiy for sealing between the seal body and the casing string,

such that the casing string is tensioned without appreciable rotation of the hanger body.
31.  An inner riser adjustable hanger and seal assembly as defined in Claim
30, wherein the casing string is tensioned without appreciable rotation of the upper and

lower seal assemblies,

32.  Aninner riser adjustable hanger and seal assembly as defined in Claim

30, further comprising:
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| oner seal assenbly. 34. An inner riser adj ustagﬁarchzom
hanger and seal assenbly as defined in Caim 3

further conprising: a radial collapsible detent ring;

and one or nore shear pins for interconnecting the
setting sleeve and the seal body, such that an axial
force is transmtted to shear the shear pins to nove

t hgt 184tk driaRDutdradiraks Y)( ttgé‘é\@fg%{)ieﬁc? of 'ﬁﬁe‘%?ﬁggsﬁigs% an inner

ad) ust abl e hanger and sea y as
j : £4 | body I ocki menb [
S e 3 S e 20858 36, " i mner Tiser
i I . . .
o Y el 0 Bl o6 4B el tower s

assanfi g, o, RoSas R i) Boft e SPIRELY sbiE dpbec gt of e

. . | ocki ng menber for maintaining the engagenent

camﬁ@%%@?'in engagenent with the housing | ocking nenber.
37. An inner riser adjustable hanger and seal assenbly
as defined in Caim. 30, further conprising: a

centraljzing ring positjoned at | ower end of the . .
seat- by F”Eﬁ?&&ﬁ‘iﬂ%@a'{% andRGdt agsrinbly as.definied) in Claim
body relative to the upper end of the casing string.

32, fugherGpmiRi$ig: r i ser adj ust abl e hanger .and seal assenbly
as defined in Claim 30, further conprising: at |east

ondt lgastaenepsitenr gembgt Eordnterennneeting thedsettingl stesve ramgr the seal
surface on the
body; and
a detent ring radially movable to allow shearing of the shear member to set the

lower seal assembly.

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

a radial collapsible.detent ring; and

one or more shear pins for interconnecting the setting sleeve and the seal body,
-subh that an axial force is transmitted to shear the shear pins to move the detent ring

radially inward.

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

30,; wherein the seal body locking member is a C-ring.
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wel | head housing is tapered; and the upper sea

assenbly noves gxiallyprelative to thep\l?\/elIhead13MarCh2007

housing froma run-in position to a set position to

seal between the seal body and the wel | head housi ng.

39. An inner riser adjustable hanger and seal assenbly
~for applying tension to a casing string secured at a

51 0 Rl B ey S8R i

' | Sl.nq: wel | head housing having a plurality of
30, B aopetind o

grooves on an inner surface thereof;
27 13 ch 2007 a_tensioni nechani sm for .tensionj
SRR v L 95T A B G e ispable P piphieirom and
. fension casi.ng string top . the ] head housing; a. ..
axially; Arovgah f"ééﬁ}ﬁ%sﬁ"t thsh %ﬁe?vmdm W“l"ﬂe SRR 1 897 hEgintaiging  the
a plurality of teeth radially nnyabkg into engagenent
engqgenient memiier in pngjoesrent Wit the housiag lagkgp segraker. t o fi x
the axial position of the seal body relative to the

wel | head housing; an upper seal assenbly for sealing
between the seal body and the wel | head housing; and a

| oWler f¥aiNNGE Seahadjustabledanigen gnd seakbassamidy asaefipedjn Claim
and the casing string, such that the casing string is

30, fusthericomsdiisingt hout appreci abl e rotation of the hanger

body, the upper seal assenbly, or the | ower seal
assegritializing FingApositidned abfa lappt gnoof thenssad bodly far @abaliving the
string secured at a lower end within a well and

lowes amﬁog thedeal bady reftiee tethe Uppepend bf thearsingwwingy, the
met ho

38.  An inner riser adjustable hanger and seal assembly as defined in Clalm
30, further comprising:

at least 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 éxially relative to the wellhead housing from a

run-in position to a set position to seal between the seal body and the wellhead housing.

39.  Aninner riser adjustable hanger and seal assembly for applying tension to -
a casing string secured at a lower end within a well and supported at an upperend by a
welthead housing, the hanger and seal assembly comprising:

a wellhead housing 'havihg a plurality of axially spaced grooves on an inner

surface thereof;
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conprising: providing a well head housi ng havi NG 38 farch 2007
housi ng | ocki ng nenber on an' inner surface t hereor

provi ding a tensioning mechani smfor tensioning the
casing string; securing the upper end of the casing
string to the well head housing; positioning a sea
body within the well head housing; providing a sea

body; .| Gl : 8 13.March 2007 . .radial ly, .
ot 08 SudhRaShyfor Ehelon ke o s E b setfuing the upper
wi.t.h 1 he h iLng lLocking nmenper to f.ix the axial
st egfoBpH Endii s8R0 48 iy elPe DUt he-wel | nea
housi ng; itionin .upper seal assenbly between
{ n@ Seatbody T PasHPry TN Mewelhesd ROPRBS: 1 or seal i ng
t her ebet ween; and sitioning a | ower seal assepbl .
boPRDAY AL teelh TRl mavabirdocngadgment it 1o BEalty of axaly
that the casi ng string is tensioned wthout |
spagheh 9ERqvesLie fetthe il rosttine efatligesedobrdy relativeata e eplihead
.. as defined in Caim40, further conprising: tensioning
housiRg; casi ng string without appreciable rotation of the
upper or lower seal assenblies. 42. A nethod as
def@nrupper seal assemtdy farusaalicg tetwesn thengealphaslyi andh gheawellhead
| east one of a tapered outer surface of the upper end
housifigtdrel casing string and a tapered inner surface of

the seal body; providing a setting sleeve axially
now ddaver seadl absembly dort feling dletvioemytheaseal body and the casing string,

=3

en

such that the casing stiing is tensioned without appreciable rotation of the hanger body,

the upper seal assembly, or the lower seal assembly.

40.. A method of applying tension to a casing string secured at a lower end
within & 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;

securing the upper end of the casing string to the wellhead housing;

pos;itioning a seal body within the wellhead housing;

“providing a seal body locking member;
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axially nmoving the setting sleeve relative to t I
body to nove the | ower seal assenbly into seal {lgﬁl\él%m%mm
engagenment with both the seat body and the upper end

of the casing string. 43. A nethod as defined in

Cl aim40, further conprising: providing at |east one
shear nenber; providing at |east one detent ring; 29

13r4w|@hn§mgthe ééﬁbea@minwﬂerﬁg@rrfﬁ@téd ﬁie%?mh%@'housmg

t he seal wi th the shear ectively

1ockfr©d h@n‘nﬁér “EBVF A gr}é B&i a@'?o?ﬁibn righe! Cedll b Féi&tﬁfe' e tﬁg we[lhead

Ne shear the | ower seal "assenbly.
hou@tn thod as defl ned in Caim40, further conprisi ng.
pr Vi ding a support ri ng; positioning at |east a

g%é@dhgg fn%ﬁ%@%& éérﬂ&g %@Uégéda éygty:n‘%{/t?%(fdf ?ﬁl’i YRE wellhead
AR W5 S T

O RRIPPIS B dptelted Ascernpibabied il el o and tog Sasing sting,
suclﬁ{;\#b% ‘?Q’g!”ﬁgs%i?‘?rgq'fé ‘%\‘I?é‘l?j{? M&Eﬁggf?ﬁlt !%g'logagigtp%ggﬁthr&er body.

centralizing the |lower end of the seal body relative
to the upper end of the casing string. 30

41. A method as defined in Claim 40, further comprising;
tensioning the casing string without appreciable rotation of the upper or lower

seal agssemblias.

42. A method as defined in Claim 40, further comprising:

providing at least one of a tapered outer surface of the upper 'end of the casing
string and & tapered inher surface of the seat body;

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

axially moving the sefting sleeve relative to the seal body to move the lower seal
assembly into sealing engagement with beth the seal body and the upper end of the

casing string.
43. A method as defined in Claim 40, further comprising:

- providing at least one shear member,

providing at least one detent ring;

29




13 March 2007

interconnecting the setting sleeve and the seal body with the shear member; and
selectively radially moving the detent ring to allow shearing of the shear member

to set the lower seal assembly.

44. A method as defined in Claim 40, further comprising:

providing & 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

metnber.

45, A method as defined in Claim 40, 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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