EXPANDABLE ANCHORING MECHANISM [00011This application claims priority to and the benefit of
co-pending U.S. Provisional Application No. 61/406,191, filed on October 25, 2010, entitled
"Expandable Anchoring Mechanism," which application is hereby incorporated herein by reference.
BACKGROUND OF THE INVENTION Field of the Invention: [0002] This invention relates in general
to bridging hanger support within a wellhead assembly, and more particularly to a structure to increase
bridging hanger seal capacities. Brief Description of Related Art [0003] A subsea well assembly

includes a wellhead housing tHEXPANDABIEMNEHO RINTGEMECHANESM pipe extending to a first
depth in the well. After drilling to a second depth through the conductor pipe, a string of casing is
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wells have two or more strings of casing, each supported by a casing hanger in the wellhea using.
Mechanism,” which application is hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention:

[0002] This invention relates in general to bridging hanger support within a wellhead assembly,

and more particularly to a structure to increase bridging hanger seal capacities.

Brief Description of Related Art

[0003] A subsea well assembly includes a wellhead housing that is secured to a large diameter
conductor pipe extending to a first depth in the well. After drilling to a second depth through the
conductor pipe, a string of casing is lowered into the well and suspended in the wellhead housing
by a casing hanger. A packoff seals between an outer diameter portion of the casing hanger and
the bore of the wellhead housing. Some wells have two or more strings of casing, each

supported by a casing hanger in the wellhead housing.

[0004] In one type of completion, a string of production tubing is lowered into the last string of
casing. A tubing hanger lands and seals to the upper casing hanger. The production tubing
string is suspended from the tubing hanger and the well is then produced through the tubing,
Prior to running the tubing and the tubing hanger, the operator will pressure test the upper casing
hanger packoff. The packoff may be unable to pass the pressure test, possibly due to damage on
the interior wall of the wellhead housing. If so, one remedy is to install an emergency or
bridging hanger in the wellhead housing. The bridging hanger does not support a string of
casing, but has an interior profile that is normally the same as the profile in the upper casing
hanger. The operator lands and seals the lower portion of the bridging hanger to the casing
hanger. The operator installs a packoff between the upper exterior portion of the bridging hanger
and the wellhead housing above the casing hanger. The operator then runs the tubing and lands

and seals the tubing hanger in the bridging hanger.




[0004] In one type of completion, a string of production tubing is lowered into the last string of casing.
A tubing hanger lands and seals to the upper casing hanger. The production tubing string is
suspended from the tubing hanger and the well is then produced through the tubing. Prior to running
the tubing and the tubing hanger, the operator will pressure test the upper casing hanger packoff. The
packoff may be unable to pass the pressure test, possibly due to damage on the interior wall of the
wellhead housing. If so, one remedy is to install an emergency or bridging hanger in the wellhead
housing. Tauw4Yridgine:NBGGEHENRS AR SURRRILRI SRR WhdagabIRIekiRE PIRiHaLEaL is
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Therefore, there is a need for an apparatus and method o increase the pressure ratings of the
bridging hanger and its corresponding seals. SUMMARY OF THE INVENTION [0006] These and other
problems are generally solved or cirm&gﬁg %W%&nges are generally achieved, by
preferred embodiments of the present invention that provide an expandable anchoring system, and a
method f¢0aEihdlibe sadethfd oot tmacoo pdacral yithvad @miiodimenitdf aind tpeksieat advanttiges, a
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from an upper run-in position to a lower set position relative to the sealing sleeve. The bridging hanger
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sleeve to lock the tubular main body in the set position in response to movement of the main

body from the run-in to the set position.

[0008] In accordance with another embodiment of the present invention, a subsea wellhead
assembly is disclosed. The subsea wellhead assembly includes a casing hanger, a bridging
hanger, and an anchoring mechanism. The casing hanger is adapted to be landed and set in a
wellhead. The bridging hanger is landed and set in the wellhead in engagement with the casing
hanger. The anchoring mechanism is incorporated with the bridging hanger that lands on the
casing hanger. The anchoring mechanism actuates in response to weight applied to the bridging

hanger to lock the bridging hanger to the casing hanger.
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100091 In accordance with yet another embodiment of the present invention, a method for anchoring a
~ bridging hanger to a casing hanger disposed in a subsea wellhead is disclosed. The method mounts
an anchoring mechanism assembly to a main body of a bridging hanger. The method then lands the
anchoring mechanism and bridging hanger on the casing hanger, and then actuates the anchoring
mechanism by applying weight to the bridging hanger assembly to lock the bridging hanger to the

casing hanger. [0010] An advantage of a preferred embodiment is that the pressure capacity of a
ut the need for a lock do eve or
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100111 Figure | is a vertical cross-sectional view of a gortlon St a wetlhead as y With an
expandaBl&thritHisarandsabs anhiering tarebpaisoordih gridging progencintbertising [BOLR] Rigdithed is a

perspectiiviewinl afRnARdRRIR.ANANBYIBEFAER BespLdingJn &h%%g?&&%iﬂ%{g‘%&o[&cko‘)l?l
Figure 3 is a vertical cross-sectional view of the structure of Figure 27 [0014]Figure 4 IS a perspective
view of a'LeRiifg el dmibsitasingf#edxpandable anchoring mechanism of the structure of Figure
2. [0015] Figure 5 is a vertical cross-sectional view of the sealing sleeve of Figure 4.

[0010] An advantage of a preferred embodiment is that the pressure capacity of a bridging

hanger may be increased. This is accomplished without the need for a lock down sleeve or
hanger that would require an additional two trips downhole to land and set. Thus, the current
embodiments reduce the total number of trips necessary to increase the pressure capacity of the

bridging hanger to a level needed within the wellbore.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 is a vertical cross-sectional view of a portion of a wellhead assembly with an

expandable anchoring mechanism installed according to the present invention.

[0012] Figure 2 is a perspective view of an expandable anchoring mechanism according to the

present invention.
[0013] Figure 3 is a vertical cross-sectional view of the structure of Figure 2.

[0014] Figure 4 is a perspective view of a sealing sleeve component of the expandable anchoring

mechanism of the structure of Figure 2.
[0015] Figure 5 is a vertical cross-sectional view of the sealing sleeve of Figure 4.

[0016] Figure 6 is a perspective view of a lower locking ring component of the expandable

anchoring mechanism of the structure of Figure 2.

[0017] Figure 7 is a front view of a tubular main body component of the expandable anchoring

mechanism of Figure 2.

[0018] Figure 8 is a cross-sectional view taken along the lines 8-8 of Figure 7.




[0016] Figure 6 is a perspective view of a lower locking ring component of the expandable anchoring
mechanism of the structure of Figure 2. [0017] Figure 7 is a front view of a tubular main body
cpmponent of the expandable anchoring mechanism of Figure 2. [0018] Figure 8 is a cross-sectional
view taken along the lines 8-8 of Figure 7. [0019] Figure 9 is a partial cross-sectional view of the
expanda_ble anchoring mechanism taken along the lines 9-9 of Figure I. [0020] Figure 10 is a
schematic sectional view of portions of the structure of Figure 1 illustrating the operation of the present

invention [0021] Figure 10A is an enlarged view of a partion of the structyre circled and identified b
referencel #AREFaLWBA ifs FflQ@F@h@ﬁ%ﬁﬁ?g‘]"iﬂ]@]uYé?;“L’loEtﬁesméesgéif8ﬂggv%e\ﬁh8fl por rﬁ?%esn of the
structure gf Figyaihdllysiratipgthe joperation of the present invention.

[0020] Figure 10 is a schematic sectional view of portions of the structure of Figure 1 illustrating

the operation of the present invention.

[0021] Figure 10A is an enlarged view of a portion of the structure circled and identified by

reference numeral 10A in Figure 10.

[0022] Figure 11 is a schematic sectional view of portions of the structure of Figure 1 illustrating

the operation of the present invention.

[0023] Figure 11A is an enlarged view of a portion of the structure circled and identified by

reference numeral 11A in Figure 11.

[0024] Figure 12 is a schematic sectional view of portions of the structure of Figure 1 illustrating

the operation of the present invention.

[0025] Figure 12A is an enlarged view of a portion of the structure circled and identified by

reference numeral 12A in Figure 12.

[0026] Figure 12B is an enlarged view of a portion of the structure circled and identified by

reference numeral 12B in Figure 12.

[0027] Figure 13 is a schematic sectional view of portions of the structure of Figure 1 illustrating

the operation of the present invention.

[0028] Figure 13A is an enlarged view of a portion of the structure circled and identified by

reference numeral 13A in Figure 13.

[0029] Figure 14 is a sectional view of portions of the structure of Figure 1 illustrating

schematically the operation of the present invention.

[0030] Figure 15 is a sectional view of portions of the structure of Figure 1 illustrating

schematically the operation of the present invention.




[0023] Figure 11A is an enlarged view of a portion of the structure circled and identified by reference
numeral 11A in Figure 11. [0024] Figure 12 is a schematic sectional view of portions of the structure of
Figure 1 illustrating the operation of the present invention. [0025] Figure 12A is an enlarged view of a
portion of the structure circled and identified by reference numeral 12A in Figure 12. [0026] Figure 12B
is an enlarged view of a portion of the structure circled and identified by reference numeral 12B in
Figure 12. [0027] Figure 13 is a schematic sectional view of portions of the structure of Figure 1

illustrating the operawlmg)omip%gpaﬁggﬁi,ﬁ%gﬁg Fz\@%&[%lgg%ﬁview of a portion of

the structure circled and identified by reference numeral 1 igure 14 is a
sectional view of portions of the structure of Figure 1 illustrating schematically the operation of the
present invention. [0030] Figure 15 is a sectional view of portions of the structure of Figure 1

illUStratinﬂ)émeﬂ%tlﬁ%@nmgv%gﬁg%ti\%nlcgotvb%g Eﬁ%ssgrq{)eigvrgg}ieopdlly hereinafter with reference to the
accompanying drawings which illustrate embodiments of the invention. This invention may,
however, be embodied in many different forms and should not be construed as limited to the
illustrated embodiments set forth herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully convey the scope of the invention to
those skilled in the art. Like numbers refer to like elements throughout, and the prime notation,

if used, indicates similar elements in alternative embodiments.

[0032] In the following discussion, numerous specific details are set forth to provide a thorough
understanding of the present invention. However, it will be obvious to those skilled in the art
that the present invention may be practiced without such specific details. Additionally, for the
most part, details concerning drilling rig operation, casing hanger and casing operation,
construction, installation, and the like have been omitted inasmuch as such details are not
considered necessary to obtain a complete understanding of the present invention, and are

considered to be within the skills of persons skilled in the relevant art.

[0033] Referring to Figure 1, an anchoring mechanism M is landed and set as a component of a
subsea wellhead assembly located at the sea floor. Anchoring mechanism M is installed in a
casing hanger 36 in a conventional wellhead housing 32 in the subsea wellhead assembly. A
string of conductor pipe (not shown) is mounted in wellhead housing 32 and extends to a first
depth in a well. Casing hanger 36 is provided to secure to a string of casing (not shown), which
is cemented in place. Further details of wellhead housing 32 and its connection in a subsea
wellhead assembly are set forth in commonly owned U. S. Patent No. 7,073,591, which is

incorporated herein by reference.

[0034] Referring to Figure 2, anchoring mechanism M includes a main body 40 to which is
mounted a sealing sleeve 42. Anchoring mechanism M includes a circumferentially extending
C-shaped first or upper locking ring 44. Upper locking ring 44 is fitted into a circumferentially

extending annular groove or slot 88 (Figure 5) in sealing sleeve 42 adjacent arcuate cam housing




DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT [0031] The present invention will
now be described more fully hereinafter with reference to the accompanying drawings which illustrate
embodiments of the invention. This invention may, however, be embodied in many different forms and
should not be construed as limited to the illustrated embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and will fully convey
the scope of the invention to those skilled in the art. Like numbers refer to like elements throughout,
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subsea wellhead aSsembly located at the sea floor. Anchoring mechanism M is installed in a casing
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Referring to Figure 2, anchoring mechanism M includes a main body 40 to which is mounted a sealing
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interior diameter upper end of upper locking ring 44. Actuation bevel 55 may engage a matching

bevel 57 on main body 40 to urge first or upper locking ring 44 radially outward as described

below with respect to Figures 10 and 10A. As shown in Figure 3, cylindrical assembly nut 50

has a threaded inner surface 52 to engage with and mount on a corresponding threaded outer

surface 54 formed on a lower portion or neck 56 of main body 40 axially below sealing sleeve

42. Cylindrical assembly nut 50 may allow sealing sleeve 42 to slide axially over main body 40,

as described below, while securing sealing sleeve 42 to main body 40. Anchoring mechanism M

also includes a C-shaped second or lower locking ring 46 mounted in a lower locking ring

annular groove 48 in an inner lower portion of sealing sleeve 42. Lower locking ring 46 will be

described in more detail below with respect to Figure 6.

[0037] Referring now to Figures 4 and 5, sealing sleeve 42 may be a tubular body defining a
sealing sleeve central passage 43. Lower locking ring annular groove 48 is formed in a lower
end of sealing sleeve 42 and extends from an inner diameter surface of sealing sleeve 42 radially
outward. Upper locking ring annular groove 88 is formed in an upper end of sealing sleeve 42
and extends from an outer diameter surface of sealing sleeve 42 radially inward. Sealing sleeve
central passage 43 has a first diameter at a lower end of sealing sleeve 42 and tapers out to a

second diameter at an upper end of sealing sleeve 42 at upward facing tapered shoulder 45.




[0035] Referring to Figure 2, anchoring mechanism M includes a number of shear pins 58 mounted in
radially extending ports or passages 60 in sealing sleeve 42. Shear pins 58 extend into radially
extending sockets 62 (Figure 10) formed in main body 40. As shown in Figure 2, anchoring
mechanism M also includes an internal anti-rotation key 64 mounted to sealing sleeve 42 by connector
screws or pins 66 and an external anti-rotation key 68 secured within a retainer groove or slot 70 of
internal anti-rotation key 64 as shown in Figure 9. A cylindrical assembly nut 50 mounts to a lower end
of main bias|CsARAC1AS SHRARINEIOHS 3, HBRRL JRCking Hnd 6, Gpmprises, &, Giring aying an
exterior diameter profile adapted to match an ifiner diameter profile or groove 37 ifi casing hanger 36
(Figure 188)nRsfesvm e gotend axiglbr doekingrdripmpasanfadngatiper tbvied BBeor Ariteadior
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main body 40 to urge first or upper locking ring 44 radially outwa ) ow with respect to
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now to FigureScdliagcseesealihglistedvind? mayWasvartlfadacbady defirinma sealing seaueerntral
passage 43.. locking ring annylar groove 48 is.formed in a lower end of sealing.sleeve 42 and
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annular gfoesdessibedommesetérdetailipgewend of sealing sleeve 42 and extends from an outer diameter
surface of sealing sleeve 42 radially inward. Sealing sleeve central passage 43 has a first diameter at
a lower quoBof sealingvelagvadr-and aReTs Qi 0 Asagond diamging %%éfp&e{aﬁ&ﬂﬁ?@é%%ﬁ?g

sleeve 42 at upward facing tapered shoulder 45. [0038] Sealing sleeve arcuate cam housing slots 76

are formERVHtheSHRR nRiostedoreen 89 deamed) aisransdiposiiipesababt 456 amges swifsar i

upward fetiigdareradisp digpsd8 totarsd atapreenend iacndivinghemdar Y- SrAlIRG sleeye ribs 51
separate each aIing sleeve ajrcuate cam housing slot 76 from adjacent sealing sleeve arcuate cam

housing SR ARTEHER A EERE UL iings S aoradnmasaain Rashs 40rdsrriPsthitom Yisening
53 throudttal sidewall of sealing sleeve 42. As described in more detail below, inner and outer
anti-rotation keys 64, 68 will mount to sealing sleeve 42 in anti-rotation opening 53. Ports 60 extend
through li 4 ripr_diameter.sugface ealing sleeve 42 to sealing sleeve
central p@%%%%&é%a@gpsﬁaeg%% i%gaﬁg é‘i?hé%é{’ %ﬁwﬁé ?gcfln%msrﬁg%rldpe%rz&f%%ﬁlyaﬁr%ﬁ?grior
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suitable number of radially spaced, inwardly extending locking fingers 80 formed at spaced positions

about itsSHHSF Sfirmate badyetQr Eingrriréiciastyalisppesersiom gachrethre saseplaanvisdicitrskintg fingers
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describe(il in mare detail below. [0040] Referring now to Figures 7 and 8, main body 40 has a number

of radialfy°E5a¢éd OUTRAMM S IEHEI R KA ARSI S| iRy (P Bylingetieatotn are dereeditindrical

surface ddekdngeircddcaiapgsamibapatad it Migwadeoracaaterdisransinbalylédand figdgeated on
the surface of main body.40. Fingers 72 are equally spaced from each other, except as indicated at
il Er R e SR
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sleeve 4hgs Bhown idedeidbed By aravaletdanehoysisgislotscéteoisealingiglesva 42 mredaymed to
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describé@.in more detail below, sealing sleeve 42 will slide over main body 40 such that fingers 72 of
main body 40 will reside within a corresponding arcuate cam housing slot 76. [0041] Referring to

Figure ﬁOWF@QYi@@'WgWW%#RW@&JWrmcglﬁfé@‘ﬁ)t\ils)& !B&H}&e{i?lg actuation members

81 formed on a lower exterior portion of main body 40. Lower locking ring actuation members




81 formed on a lower exterior portion of main body 40. Lower locking ring actuation members 81 are
protrusions axially aligned with fingers 72 and having a width substantially equivalent to the width of
fingers 72. In addition, the width of lower locking ring actuation members 81 is such that lower locking
ring actuation members 81 may pass through slots 84 of lower locking ring 46. 100421 During
operation, when second or lower locking ring 46 engages, fingers 80 may fit into an annular recess 82
(Figures 3 and 12A) formed about a lower outer portion of main body 40 axially beneath fingers 72 to
form a load bearing connection (Figures 12 and 12A§ between mainﬂ% dy.40 and,sealing sleeve 42.
[0043] ASSSHERPIIN iSparer ey algard MYtRoERgEHS KéyPBS haviRed Wi ﬁwsﬁbagv%%vlgrw Sstending slot
70 of intepnalaati-witatigerkey 64n Asrhonmhslatdn of Ioternalakitirotatiandetip6hbabasT8shaped

radial profile with a bar of the T proximate to the inneg diameter of internal antji-rotai
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the T-shapgd4mdial profile of slot 70 of internal anti-rotation key 64. Preferably, the bar of slot 70 has a
radial depth greater than the radial depth of ribs 69; thus, external anti-rotation key 68 may move

between fAdialy iy and:a (il aniMATd RasBian. RY % antlRimdenbinclitdas bores

to receive connector that may then secure internal anti-rotation key 64 to seaéing ,sI%eve ﬂ :

External antirotdaioisdesy 88 (Fiayrpe 1iAged dhhiarRARp altesIRuY BYES RRR ShMREE%ASwn) in
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to the resilient forces for emergency unlocking, as will be set forth below-. [0044] External anti-rotation
key 68 is @@’d&b@ﬁﬁﬁaﬂ%ﬁé@é’é& dially inwardly by an interior surface of casing hanger 36 when
anchoring mechanism M is initially landed on casing hanger 36. External anti-rotation key 68 is
outwardly[gnesphle gftern ais Wilgbe desexiber] tanéngagmwvikiain 68sist Bee(riyithis asjarwitseveral
may be provided atcroyisientialy seacer pesiiens Sued ederdingrianaiiucinalialagiay inner
surface of'casing hanger 36. 5045] Anc oring mechanism M is assembled by first mounting the upper
locking ritte #ds tofushdpetirglishgraBlandthmtibestefighe eprosimatrite gherirs gedinmy sreel ngmal pper

locking ring, Wl LI HPPESaGHINGRING aREH RE oBRoNR i SudbhalAnastienokagtalan bevel
55 will be exposeé)ln sealing sleeve central passage 43 at arcuate cam h,ousmgf slots 76, Second or
lower  adapted to insert into the bar of the T-shaped radial profile of slot 70 of internal anti-rotation key
64. Preferably, the bar of slot 70 has a radial depth greater than the radial depth of ribs 69; thus,
external anti-rotation key 68 may move between a radially inward and a radially outward
position. Internal anti-rotation key 64 includes bores to receive connectors 66 that may then
secure internal anti-rotation key 64 to sealing sleeve 42. External anti-rotation key 68 may be
urged outwardly by a resilient force from a spring (not shown) in slot 70. External anti-rotation

key 68 is engageable and moveable outwardly and inwardly in response to the resilient forces for

emergency unlocking, as will be set forth below.

[0044] External anti-rotation key 68 is engaged and depressed radially inwardly by an interior
surface of casing hanger 36 when anchoring mechanism M is initially landed on casing hanger
36. External anti-rotation key 68 is outwardly movable after, as will be described, to engage
within a slot 86 (Figures 15) of which several may be provided at circumferentially spaced

positions formed extending longitudinally along an inner surface of casing hanger 36.

[0045] Anchoring mechanism M is assembled by first mounting the upper locking ring 44, lower
locking ring 46 and anti-rotation keys 64 and 68 onto sealing sleeve 42. Upper locking ring 44
will fit into upper locking ring annular groove 88, such that a portion of actuation bevel 55 will

be exposed in sealing sleeve central passage 43 at arcuate cam housing slots 76. Second or lower

_8-



locking ring 46 will fit into lower locking ring annular groove 48 such that fingers 80 face sealing sleeve
central passage 43. The main body 40 is then fitted into the sealing sleeve 42, with a clearance tit
provided between main body 40 and sealing sleeve 42. As assembled prior to operation, bevel 57 on
the lower end of each finger 72 will abut actuation bevel 55 on upper locking ring 44 through arcuate
cam housing slot 76 as shown in Figure 3. Fingers 80 of second or lower locking ring 46 will
circumscribe main body 40 axially below lower locking ring actuation members 81 of main body 40
axially bellé)&g-ﬁ\ lar rece 2. Slots 84 of lower locking ring 46 will align with the spaces between
each finger 7_12%?H1 iéril’gbgﬁi fb QEOSLO(YV\% ?ﬁc faﬁérhnﬁn%nsgmaﬁiém%vﬁ.%e%g?ﬁ/ﬁ %%’iéﬂfe@ B¢Sar pins
58 are thestlimgestedyerrough thespert4 360 Theeningslgei® i4 2mndintd the sbekeisif? shéhe 40ain body
40. The aggpmbly.niteGiis,faenimannied on the main, body 40 and their threaded surfaces 52 and 54
(Figure 3) broughta intg eﬁggtgement s%:% ?hat glnbag%gﬁ r?%xosfa}ﬁﬁ ?Fceglea%s;eé%ﬁ/ssﬁu %fﬁafgﬁﬁrs a
lower surfaetiidtdsidribwethedriey Bng aftcachtdingey 2 alifipbireveiddoorbenelrs bodydfe{0046]
The assembiad angharing MACBRRM s iakas: e Joun eharidrinab o3k sleens AR dlsaance

fitted onto main bOd){SAO so that cylindrical seal sleeve 42 is restrained against dxial movement relative
to main BB\ HE B ehiBprdee i Wilkrasrpresits neisHgskd48 ki rirpion langraBdringapable of
relative invtaid@ncharberrd ragiahme wmeab with fiospashiafheisealingsieeva e whegrsyhigeted to

external forces, hut constrained against axial movement relative to sealing sleeve 42 by annular
E% g g Y

grooves PREEL NI 18 & IR dhFrines PRING AR GacTe BRaRIsTA M Taaavansl|4depEhavsvan

downwaidtjdemdidenteHgnihe. CRekerHgNGIFRARE!ABIP Siasing Hanusy i36fardlackingh ithPlasgs [0047]
sleeve 42 lands on an upper seating surface of

In operatign. downward facing shoulder 41 of sealin [

casing h%%é%rs ?‘%gl%l%sl ?Sgﬁéflga% flr?lﬁli%t Esf%%?as JNHEERMRRBAA)- af BDBHTTRRN AR INS tdhe same
time, an exteried| onetial-toainciatigetl betwken ductaiedssoffaealing alreve (2and SasOdMRNGRY 46 is
formed gg, t in Figure 11A. For this purpose, a load of a first |evel, such as approxjmately
60,000 pogr%%{?{{%srﬂaggﬁﬁ X6 fhe %r?cﬁ%gfmgom%lﬁ%({ﬁg?i RAEn grgér’bl&é QA2 Kaf i?é‘\’gf-t%’-rrﬁéfai) eal 102.
[0048] Treaedter|ewenbivitiogaligrieritedingrchl ag alsprexinadeha B0 400unds, is applied to
anchoring mechanism M to shear shear pins 58. When shear pins 58 fracture, as shown at 104 in

Figure 1om@rediondsweandman daudlisnd serlindidearedads Pokaiandmain hadp40 is

provided axial fre?T?,dom of movement in relation to sealing sleeve 42. Main body 40 is then capable of

downwafF&aATGrigteheatr Wain rhahedPtsosbaliny nddcal acbilgevsstighimstaingd apomyaagmain

body 40 hegins:io rlanecdownvabaly Moby uRpPsiclRakingripeAiansklowanlpekingking ARR1e
energized éhﬁgu h theg m profile syrfaces at locations 106 and 108 as shown in Figure 10A. Bevel 57
of each finger ?gec%%cﬁfsofc'iaa%ﬁ BRLT BBLPYRNRIG AR MSKRIRRY i ASSRECHIRIFB 5891 ing

continuegemaevitigvexialby i ovieivar dxtetas & toesealing aieaue ¢ dghiaveh 571 ohsashefinaas:ia will force
first or ug)%(ﬁ%lo&%ie% QQ% 4gfn|;1a iall outhr 2}% actuation beyel 55 slides Iong bevel 57. As first or
upper loc Jes ra r%ogv‘f ol TR Y a A ARSRE Y FSrRCaRT M REC R Er 36. In

mggrlng 44 moves radia Vit
the illusthtisdaymlabliirtrebe, casied) damgend6, viitikdrishdde &dbwrearehfroinignsheielderitd 7cagainst
which fifﬁiﬁeP?@ﬁJ?&éﬂﬂ%W&é&% will abut to prevent upward axial movement of sealing sleeve 42
relative to casing hanger 36. '

[0047] In operation, downward facing shoulder 41 of sealing sleeve 42 lands on an upper seating
surface of casing hanger 36 as illustrated in Figure 1 and shown schematically at 100 in Figure
11A. At the same time, an external metal-to-metal seal between surfaces of sealing sleeve 42
and casing hanger 46 is formed as shown at 102 in Figure 11A. For this purpose, a load of a first

level, such as approximately 60,000 pounds, is applied to the anchoring mechanism M to

energize external metal-to-metal seal 102.

[0048] Thereafter, an additional larger load, such as approximately 80,000 pounds, is applied to

anchoring mechanism M to shear shear pins 58. When shear pins 58 fracture, as shown at 104 in




[0050] Simultaneously, the matching beveled profiles of fingers 80 of second or lower locking ring 46
and lower locking ring actuation members 81 will slide past one another forcing second or lower
locking ring 46 radially into annular groove 48. As main body 40 continues moving axially downward
relative to sealing sleeve 42, annular recess 82 will move proximate to second or lower locking ring 46.
Second or lower locking ring 46 will then move radially inward into annular recess 82 such that the
beveled profile of second or lower locking ring 46 will abut main body 40 within annular recess 82.
[0051] At the end of its downward movement as shown in Figure 12 mz;in(a%)dy 4d0 maiq)ta(iins4 pper
locking rifiegae dAesgirsatipndielareRy Hainsbady é%éﬁ%ﬁﬁﬂ‘ﬂ%ﬁlleﬁ?ﬁgﬁl“?g'ﬁ FYSP 38 adehbWn 4t 110 in

Figure 12A. owgrilagkingdine e cafvasisnitmdiammietdniaialy sty anhulataiedesty 8P iis Order to set

on and fit against lower locking, ring actuation members 81 %f main bo%%/ﬁ% %lssirl’lld'cat eq 3t 112 in
Figure 1298Pahia 96 AR W5ER 2aalimy GRISIE WA AP HILIR $8d)&0T0Gethdr “Afso, an imternal
metal-to-metal seal between an upper portion of sealing sleeve 42 and an inner circumferential surface
of main bi9j0As endrdindy 48 brdicater mpld dinwEigaely 1 BhSwamndosidagding AhdalfSdy 40
have then been locked la.asiien an f melaliamRiAl seAling ARoAsM et ana0Sa dndder to

r

unlock maifs 1%9%’0 om sealing sleeve 42 once engaged and locked together, a rotati?n %f main
26 lrﬁlr%ugh

body 40 im&Fdockiide draeliéh of hsiadormeentTFEAHBY RSO 72 b Hah BEE
aciue’e Al nausing S J&ffﬁ@@&%ﬁlﬁ%% WX IR, dBisnwilkineyaileer Jagking liegeatuation
40 fr

members 8T of main bod om abutment with fingers 80 of Jower lo kiﬂ%rint 4 int(a)w Iiaqponr?ent
SV BUOY ESaTh siEeve 42

with slotstBaebPderionaofiterierAokikingran dabonRRE P EKIRBHULSHGd
have douplg theswiglibs campaaritetha witlth & ibsecasoipigfitapfdingers 72defl inainvbodyitoilFigure

9) to allow this rotation of 12. 100531 When fingers 72 qn main body 40 move to an ite side of
their respldvié aamtragiRy Blsieneing o), ‘Tﬁsﬂlgg}g’?é ur?g%ev%eer %%%Wsnrﬁ’n%ase{g%]q%(ﬁ(?’:%?rn%mbers

81 on maig; pachnAe aligwRsiroisatecshehidsraticallynt AR Infrsguredpevitikilotdasberiledntingers

80 in lower locking ring 46. L.ower locking fing,actuation members. 3 ' 40 are then
capable &PIBP@EB%W&W&%%g}ﬂv\f}ﬁﬁr\tg)sgﬁg%{l?g %%%ﬁégfege%g% ,%ua%]gglﬁ%\}lggﬁda&?h body 40 from

sealing sleeve 42 through an upward axial movement from the position shown in Fi'%ure jZA to the

position SHSA iRiFigtmesasy, Ahaieateiingfhpivs pdorrafisnio hfingsped G aitareond 81 (FYGFe A5 ot

assembly t?@dﬁﬂﬁa}éwﬂ&fkﬁhg inardhuesiendinssRostians afifiogass &R ahsmeprstandowesracking
ring 46, providing litting support hroﬁ main body 40. Main body 40, can her%be moved quwardIy and

sealing sleelenep lnehitgisnoAOsagibiaa By REIA EEe0VETHhad bE RN BuE OFRANHThESGEIEe.

[0054] For, emerganey RIPResHe saRalinoQIderday uaraner crioekingl mair budyntde seatngdleeve
42, and casing hanger 36 are normally constrained not onlétgziall but also rota(%lo all}i‘g%gzéotghe

effect of the lntetalaeking tingéfs. SosRIgT M8/ StroRGEdT IRt P EEL TS tal Sl igure 12A)

between gaimbodye40sacaistsealinpeseyerdflisdessthdrottevettrridhgompetiivel fakss gnimdicated
at 100 and 102 (Figure 1%@3 between sealing sleeve 42 and casing hanger 36. Therefore, rotational
movemerRaAKith BEkire ﬂﬁdet?'f‘ésn%nal unlocking process described above takes place between
main body 40 and sealing sleeve 42. [0055] However, should rotation occur between sealing sleeve
42 and caes] hanges 86 ticiindmiedandchorimeengsrinimim gt Hotdin RN Qe WSent,

sealing SIeeys 2 ih MOWPeLIalaled WIRILGRYNY LaROSHIRIAF RARLanIYIerR B wahown

antl-rotatloﬁpkeyg i§ Urged outwar y by resilient forces. External anti-rotation key 68 on outward

movemendtis fttidFigure 12A. Lower locking ring 46 contracts its diameter inwardly into annular recess
82 in order to set on and fit against lower locking ring actuation members 81 of main body 40 as
indicated at 112 in Figure 12A, and to thus lock sealing sleeve 42 and main body 40 together.
Also, an internal metal-to-metal seal between an upper portion of sealing sleeve 42 and an inner
circumferential surface of main body 40 is energized as indicated at 114 in Figure 12B. Sealing

sleeve 42 and main body 40 have then been locked into position and in metal-to-metal sealing

engagement.
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in and engaged with one of the slots 86 formed in casing hanger 36 (Figure 15). Sealing sleeve 42 and
casing hanger 36 are then interconnected for common rotational movement. Rotational movement
which then is imparted to main body 40 causes rotation to take place between main body 40 and
casing hanger 36. Anchoring mechanism M can then be unlocked and separated from casing hanger
36 and wellhead housing 32. 100561 Accordingly, the disclosed embodiments provide numerous
advantages. For example, the pressure capacity of a bridging hanger may be increased with the

disclose iments by e ing.the bridging hanger with the casing hanger to pull additional load
capacitderom ?1% gég?ﬁgpﬁ/élﬁ%gegr}%ﬂqg : 2’ %igysgg:]%f%“c%?ﬁh‘ggsﬂﬁ?d?ﬁ%s%‘ﬁcwﬂ%q%ﬁéd WSt the
need for @&peratedmtionofmsiedodyoshangeldbiayisodic:caquice &2° ddgititnaldvoTHRSHEMwahole to

land and Lhus, the curre Rp iments reduce the total n er of trips necessary to increase
the pressiﬁ%e(r:a agity gf the %gr{gg}ngoﬁj Hga(gﬁ%%a ae@eﬁonuéén ot OV%\IISI;?‘?nO See?/vhgﬁbsoer%\.'e[ggS 155
understobdsthat the ysrdawert laceingoinemagtuakennmeambiomsd aficnembbodiméhsoictordiaglyyiseveral

variationsifay 86 gradednitRifpreaging wiauAcAg HID de FRIKLEr Seppe.eldlsnyaption.
Having thus described the present invention by reference to certain of Its preferred em oé%me%ts, itis

noted tha0thé& Eiedrreheytngcraiad aef imadiratilecratie hevardpatitinthéenvridtureomperedaoahwide
range of wafintigse PaRAHicAIoNSHFRRA0ge SrandSHREllMiens Are cRNsPlteh e fersgoing

disclosure and, in some instances, some features of the present invention may be employed without a
he other features..M uch variations and modifications may be considered

Corr.eSpoﬁJ(a Lﬁ;\%eeé)ffgg ef on.main b (?mé/t}? ve Q g S gt'laﬁ.lé C :
obvious and desirable §Rose LkilfsdninHse art B 0 pon RReYiEWSE R ISR UEECHBton of
preferredessibediloierit. (RoedMgiingtis Zbpropiiaterthakihe appastadsiaimes hesconsiuagiproadly
and in a papnersensistent with the %g:qpelpft javention. What is clai gois: 1. ABbrid ing.hanger
(M) for sec%ging to%gsubseg cas%r?g%a%gcgr{ )?ggrhnprils%w& gtﬁﬁ&l%ﬁ"%;&}ﬁ e(%ff/e 4 B‘,gerg §‘(9m

lower locking ring 46. Lower locking ring actuation members 81 of main body 40 are then

capable of longitudinal movement with respect to sealing sleeve 42, unlocking main body 40

from sealing sleeve 42 through an upward axial movement from the position shown in Figure

I2A to the position shown in Figure 13A. At the end of this movement, an upper surface 116

(Figure 13A) of assembly nut 50 lands under the inwardly extending portions of fingers 80 of

second or lower locking ring 46, providing lifting support through main body 40. Main body 40

can then be moved upwardly and sealing sleeve 42 which is now supported by main body 40

may be taken out of casing hanger 36.

[0054] For emergency procedures and in order to guarantee unlocking, main body 40, sealing
sleeve 42, and casing hanger 36 are normally constrained not only axially but also rotationally
due to the effect of the metal-to-metal seals. Usually, the strength of internal metal-to-metal seal
114 (Figure 12A) between main body 40 against sealing sleeve 42 is less than the external
connective forces indicated at 100 and 102 (Figure 11A) between sealing sleeve 42 and casing
hanger 36. Therefore, rotational movement which occurs during the normal unlocking process

described above takes place between main body 40 and sealing sleeve 42.

[0055] However, should rotation occur between sealing sleeve 42 and casing hanger 36, the
installed anchoring mechanism M might not unlock. In such an event, sealing sleeve 42 is,
however, rotated within casing hanger 36 to a position where external anti-rotation key 68 is

urged outwardly by resilient forces. External anti-rotation key 68 on outward movement is fitted
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a tu_bular sealing sleeve (42) coaxial with and mounted on an exterior diameter portion of the tubular
main body (40), the body (40) being moveable from an upper run-in position to a lower set position
relative to the sealing sleeve (42); a first locking ring (44) carried by the sealing sleeve (42) and
adapted to engage a profile (37) within an interior of the casing hanger (36) in response to movement
of the main body (40) from the run-in to the set position; and a second locking ring (46) carried by
the sealln_g sleeve (42) to lock the tubular main body (40) in the set position in response to movement
of the main body (40) from the run-in to the set position. 2. The apparatus of Claim 1 .further
comprisirig andydirmagiedvagsenson hatsist) Shdenmed ‘t‘b%‘ﬁ‘%&%ﬁ?ﬁe%r@iﬁ‘ﬁs y)(4lg)e%1l>l<qﬁllsy}el€):(vafow the
sealing slpeye (42) anfhaving athisadaddroshausire (Ganbat:matesabitivecoamesporrdingeihreaded

outer surface (54) of the main body (40) to secure the sealing sleeve (42) to t i 4
The apparRSnCdis i dppase é%&%?d“lé’&é%é iﬁ@lig%ima“o“(to e @%é?%%?z%%y‘?n‘%%)mia in

\ > SEC comprises:
an annulajgjosyed48)defineddey 3 inteciuigmettaioureMportiohar theusbaling siderpiad  at

least one radially, spaced i ' ing fi i - :
the C-rin dcre%fa%’ljﬁghaﬁge;%Vg%ﬂ)\/NgﬁL%ggIﬁoqllscl)l%g}g finger (80) formed in the inner diameter surface of

[0056] Accordingly, the disclosed embodiments provide numerous advantages. For example,
the pressure capacity of a bridging hanger may be increased with the disclosed embodiments by
engaging the bridging hanger with the casing hanger to pull additional load capacity from the
casing hanger and the suspended casing string. This is accomplished without the need for a
separate lock down sleeve or hanger that would require an additional two trips downhole to land
and set. Thus, the current embodiments reduce the total number of trips necessary to increase the

pressure capacity of the bridging hanger to a level needed within the wellbore.

[0057] It is understood that the present invention may take many forms and embodiments.
Accordingly, several variations may be made in the foregoing without departing from the spirit
or scope of the invention. Having thus described the present invention by reference to certain of
its preferred embodiments, it is noted that the embodiments disclosed are illustrative rather than
limiting in nature and that a wide range of variations, modifications, changes, and substitutions
are contemplated in the foregoing disclosure and, in some instances, some features of the present
invention may be employed without a corresponding use of the other features. Many such
variations and modifications may be considered obvious and desirable by those skilled in the art
based upon a review of the foregoing description of preferred embodiments. Accordingly, it is
appropriate that the appended claims be construed broadly and in a manner consistent with the

scope of the invention.
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the locking fingers (80) adapted to fit into an annular recess (82) formed about an exterior diameter
portion of the main body (40), thereby forming a load bearing connection. 4. The apparatus of Claim 1,
wherein the first locking ring (44) comprises: a C-ring (44) mounted in a circular recess (88) defined
by an exterior diameter upper portion of the sealing sleeve (42); and  the C-ring (44) having a cam
profile (57) configured to engage a mating profile (55) of the main body (40) so that the main body (40)
will urge the C-ring (44) outwardly to engage the casing hanger (36) when in the set position 5. The
apparatug,ef,Glaim; LeyRerein the tubular sealing sleeve (42) is mounted to the main body (40) by a
shear pin (58) extending through a hole (60) in the sealing sleeve (42) and into a corresponding hole

(62) in the. mainOeRukALh A FeLRN RS @auapggya(%@ Uaglﬁgmngrapjaggr@tﬁ%}smw&gght applied to the

main body (40) shears the shear pin (58). 6. The apparatus of Claim comprising an internal
anti-rotation key: (64 Inaentibeisby ag)sealing sleeve (42) for engaging the sealing sleeve (42) to
prevent rotation of the sealing sleeve (42) relative to the casing hanger (36). 7. The apparatus of
Claim 6, furtheracomyisiegiag gmer(arzanﬂamatm key (efnmownted satherstatingsirryen(42) for

engaging the,casif E%g%eg )ﬁ at th t(ra aI anti-rotatjo ) key is urged outwardly by a
spring force exerte a spég %ﬁ?’ ermar ar an(Pvea})l R per Tfi-in position 0
lower set position relative to the sealmg sleeve (42);

a first locking ring (44) carried by the sealing sleeve (42) and adapted to engage a profile
(37) within an interior of the casing hanger (36) in response to movement of the main body

(40) from the run-in to the set position; and

a second locking ring (46) carried by the sealing sleeve (42) to lock the tubular main
body (40) in the set position in response to movement of the main body (40) from the run-in

to the set position.

2. The apparatus of Claim 1, further comprising a cylindrical assembly nut (50) mounted to
an end of the main body (40) axially below the sealing sleeve (42) and having a threaded inner
surface (52) that mates with a corresponding threaded outer surface (54) of the main body (40) to
secure the sealing sleeve (42) to the main body (40).

3. The apparatus of Claim 1, wherein the second locking ring (46) comprises:

a C-ring (46) mounted in an annular groove (48) defined by an interior diameter lower

portion of the sealing sleeve (42);

at least one radially spaced inwardly extending locking finger (80) formed in the inner

diameter surface of the C-ring (46); and

the locking fingers (80) adapted to fit into an annular recess (82) formed about an exterior

diameter portion of the main body (40), thereby forming a load bearing connection.
4. The apparatus of Claim 1, wherein the first locking ring (44) comprises:

a C-ring (44) mounted in a circular recess (88) defined by an exterior diameter upper

portion of the sealing sleeve (42); and
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rotation key (64). 8. The apparatus of Claim 1, further comprising a plurality of fingers (72) formed in
the exterior surface of the main body (40) proximate to corresponding finger slots (76) formed in the
interior surface of the sealing sleeve (42), the fingers (72) and slots (76) circumferentially placed
around the diameter of the main body (40), and the finger slots (76) having an arcuate width twice that
of the fingers (72) so that the fingers (72) may insert into the finger slots (76) and rotate from a first
position to a second position to move the bridging hanger (M) from the set to a retrieval position. 9.
The apparatus of Claim 1, wherein an outer digmeter surface of the sealinag sleeve Gf?ef?g S, metal
40)

to metal sealingt8ei 2B & HebABES ORISR RN 8 e CRsEsR i %%%%/Q is'in the set
position. 10. faenanss@ius ®f laim the aminneddiamete  sugiate 6Fte séblingshrdlel¢42efgams a
metal to metal sealing surface for sealjng, to the main body (40) when the main body (40) is in the set

position. 11.A&HEE RBPEHIREHNGE BYidYsiSg RAHGET (M) to a casing hanger (36) disposed in a
5. The apparatus of Claim 1, wherein the tubular sealing sleeve (42) is mounted to the main
body (40) by a shear pin (58) extending through a hole (60) in the sealing sleeve (42) and into a
corresponding hole (62) in the main body (40) to retain the main body (40) in the run-in position

until weight applied to the main body (40) shears the shear pin (58).

6. The apparatus of Claim 1, further comprising an internal anti-rotation key (64) mounted
to the sealing sleeve (42) for engaging the sealing sleeve (42) to prevent rotation of the sealing

sleeve (42) relative to the casing hanger (36).

7. The apparatus of Claim 6, further comprising an external anti-rotation key (68) mounted
to the sealing sleeve (42) for engaging the casing hanger (36) so that the external anti-rotation
(68) key is urged outwardly by a spring force exerted by a spring internal to the internal anti-

rotation key (64).

8. The apparatus of Claim 1, further comprising a plurality of fingers (72) formed in the
exterior surface of the main body (40) proximate to corresponding finger slots (76) formed in the
interior surface of the sealing sleeve (42), the fingers (72) and slots (76) circumferentially placed
around the diameter of the main body (40), and the finger slots (76) having an arcuate width
twice that of the fingers (72) so that the fingers (72) may insert into the finger slots (76) and
rotate from a first position to a second position to move the bridging hanger (M) from the set to a

retrieval position.

9. The apparatus of Claim 1, wherein an outer diameter surface of the sealing sleeve (42)
forms a metal to metal sealing surface for sealing to the casing hanger (36) when the main body

(40) is in the set position.

10.  The apparatus of Claim 1, an inner diameter surface of the sealing sleeve (42) forms a
metal to metal sealing surface for sealing to the main body (40) when the main body (40) is in

the set position.
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subsea wellhead, the method comprising:  (a) mounting an anchoring mechanism assembly to a
main body (40) of a bridging hanger (M);  (b) landing the anchoring mechanism and bridging hanger
(M) on the casing hanger (36); then  (c) actuating the anchoring mechanism by applying weight to
the bridging hanger (M) to lock the bridging hanger (M) to the casing hanger (36). 12. The method of
Claim 11, wherein step (c) comprises causing a first locking member (44) to expand radially outward
from the sealing sleeve (42) to lock the sealing sleeve (42) to the casing hanger (36), and a second

locking mgmbery(46) e radially inward to Iqck the bridging hanger main osy (40) tq the sleeve
(42). 13. The methog’%{g\éi?ﬁmﬁf %é‘%ﬁﬁgﬁ%ﬁéﬂ% thé)r %greﬁbrﬁéég%?af%é aqlﬁ%)ﬁ‘fgr 'Botly (40)
of the ané¥sandy eHBerhrsnmeghateompesingular sleeve (42) of the anchoring mechanism to disengage

a locking ring (44; from the casing hanger (36), thereby allowing retrieval of the bridging hanger (M).
(a) mounting an anchoring mechanism assembly to a main body (40) of a bridging hanger

(M);

(b) landing the anchoring mechanism and bridging hanger (M) on the casing hanger (36);
then

(c) actuating the anchoring mechanism by applying weight to the bridging hanger (M) to
lock the bridging hanger (M) to the casing hanger (36).

12. The method of Claim 11, wherein step (c) comprises causing a first locking member (44)
to expand radially outward from the sealing sleeve (42) to lock the sealing sleeve (42) to the
casing hanger (36), and a second locking member (46) to move radially inward to lock the

bridging hanger main body (40) to the sleeve (42).

I3. The method of Claim 11, wherein the method further comprises rotating a tubular body
(40) of the anchoring mechanism relative to a tubular sleeve (42) of the anchoring mechanism to
disengage a locking ring (44) from the casing hanger (36), thereby allowing retrieval of the
bridging hanger (M).
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