SINGLE TRI P, TENSI ON SET, METAL- TO METAL SEALI NG | NTERNAL LOCKDOWN TUBI NG
HANGER BACKGROUND OF THE INVENTION 1. Field of the Invention [0001] The
present invention relates in general to a nethod and apparatus to set and
apply tension to casing or conpletion tubing in a wellbore, and in
particular to a tubing = hanger having an inner nenber and an outer

menber, and a running tool that sets the outer nenber, draws tension on the
tubing by pulling the inner hanger, and then maintains the tension by

| ocki ng t he PIVELE ARARSFENIION SEE METAL-TMMIEFAL SEABING] INHRNADPt i on of

Rel ated Art [0002] Sone wellGCKBOWN a8/BJNS HANGHR on storage wel | s, have
conpletion strings conprising tubing. The conpletion strings experience

t hermal expansion due to tenperature variations when, for exanple, gas is

injected into a storage well or wthdrawn froma storage well. To
conpensate for the ther ngh CEROINGD OF TAE BB ISTIORY be placed under
tension. Wth sufficient™Tension, tne thermal expansion nerely relaxes

sonme of the tension. The travel distance associated with thermal expansion
is |less ihe ! Qﬁ!distaﬁce the tubing was stretched during the tensioning.
Thus, even expands due to increased tenperatures, the
t ubi ng dop®0nCIhebpreddne mMehtMmrdlzh@ in\gdnkh0 € a he&BOShnd apsdreind fg sdemidces

currently used on gas storage wells use retractabl e |oad shoul der
ar r ange e %1%9%%%%%5%% LAY BtRO HR8Y éhPEHCHFSP GHbInghese

desi gns rRAYL Bividy SUGReBEMbREMAt AT Q@ RerhBer! BRI ARIMRiY ©SBHhLsEOMHLal ni ng
housing, thus <creating potential |eak paths. This type of design also

resul ts ioentémercebstedraps tensfont ¢re thavtibige by dlinghéhenwiner hengst.ngpdntiteer i al has
to i noreage, s HATEEEN ! D ARCRHITRARLS, Lheo AELUALAG rechani ss, whi ch

results inincrease rrng cos and'1n 6n, costs for the
retractabl e | oad shoul der nmechanism 1

2. Brief Description of Related Art
[0002] Some wells, such as gas injection storage wells, have completion strings

comprising tubing. The completion strings experience thermal expansion due to
temperature variations when, for example, gas is injected into a storage well or
withdrawn from a storage well. To compensate for the thermal expansion, the tubing
may be placed under tension. With sufficient tension, the thermal expahsion merely
relaxes some of the tension. The travel distance associated with thermal expansion is less
- than the distance the tubing was stretched during the tensioning. Thus, even when the
tubing expands due to increased temperatures, the tubing does not buckle within the

wellbore.

[0003] Tensioning devices currently used on gas storage wells use retractable load
shoulder arrangements which are often based on blow-out preventer designs. These
designs require through-wall penetrations in the main pressure-containing housing, thus
creating potential leak paths. This type of design also results in increased cost of the
wellhead as the main housing material has to increase in diameter to accommodate the
actuating mechanisms, which results in increased manufacturing costs and in addition,

costs for the retractable load shoulder mechanism.




Modem wel | practice is to run various downhol e safety val ves and gauges
through the wellbore. The existing retractable | oad shoul der type

t ensi oni ng arrangenent causes interference problens with the associ ated
control |ines descending bel ow the tubing hanger. Wilst the retractable
| oad shoul der arrangenent is relatively sinple froma nechanica
standpoint, it leads to the use of elastoneric materials to provide the
main well bore seals. It is widely known that elastoneric naterials
degrade oweydein wal pradtigi i eo rithadricgaslowslicle agfetyf atiek iahd gsuges ehrusghathey

pl anned to have | gng service liye up tq forty years this sea

degr adat | §5'&ts é@‘ep?"é%’lngnrﬁtr?%aq\{eafoélﬁ @‘8%\@?. type é‘@ﬁ%&ﬁkﬁ) HEDELRE GRS ON
[0004] A {ibpehch RGN MA@ Sa BNk YashSidhse Cortd] IRks ABstch@AS beRwAthet fubidg Of
tubi ng between a 'well head housing and a wel | bore downhol e tubi ng retaining
devi ce. Ah#ganing tool is wused to |ower the tubing hanger and tubing into

the wel | head housing. An outer portion of the tubing hanger lands in the
wel | head Mduilsi thg retragtablentaichshogldar prsavgempentAp rélatively sipplet fram agheobp@cal ubi ng

hanger, w_th a.fi. n f i : . . out er
t ubi ng haﬁ%gw%g%d{?%Bﬁg&gﬁga5€§%$#R§ﬂ§g%%%§$§ﬁ%°% 9?%§a¥%§%ﬁgaﬁé%gﬁes into
the wel | hoikevidelwnibolhve thet alastbingric eaketials ddpeadeuswer ngnd ed given phdtl @d back,
which lifts the _inner tubjng hanger, and applies.tension.on the string of
t ubi ng. THEragn Fasilite Bf%suﬁ‘lé)hglé it HeR OB PR S5 S W PO o8 W@f%ﬁ er as

the i nner sd, LRI RGO REesipPotlsthd RdatiychRr ough the outer tubing hanger. The
followng is a nore detail ed description of the operation of an exenplary
enbodi ment. [0005] A tubing hanger assenbly is attached to a tubi ng hanger
running tool and lowered into a wellhead housing. A string of casing, or
tubing, is suspended from tubi ng hanger assenbly. The tubi ng hanger
assenbly conprises an outer tubing hanger and an inner tubing hanger. The
outer and inner tubing hangers are initially held together by one or nore
shear pins.




[ 0006] The tubing hanger running tool |owers the hanger assenbly until a
shoul der of the outer tubing hanger | ands on a wel |l head housi ng shoul der.
A ratchet ring, located within the outer tubing hanger, is held in a

di sengaged position, as will be explained subsequently, which allows
further downward novenent of the inner tubing hanger relative to the outer
tubi ng hanger. The downward force of the conduit on the inner tubing
hanger causes the shear pins to shear, thus freeing the inner tubing hanger
fromthe outer tubing hangeMMARY QFAIHE ONVENTEIONIes to | ower the tubing
hanger running tool and inner tubing hanger, mjth the first end of the

tubing st {[6(194?% tﬁ’? HE g%&eg%r g{lﬁ%lgf& i3 setdutﬁ rkgandq % d stx’%‘ > 6F nglng gw %];1 2l he

tubing la Pefeé alnln Vi Ce, ©® such as a

ratchet | attiheadBwobdng and awhslibbrendyvnielel toiag edalwlntghldihca gasusiny pgkiswel | .
The length of the tubin ulated, in advance, so that the proper

|
amount of “teargi¥Frite tu é‘&gll{ag%fg\%ﬁ Hbingenfo ke Pl igrd g upiRz g A, OulEs dPOFtoR
attached Bﬂbier‘tgbm%fhaﬁ’éblrllﬁﬁs Qﬁ‘(’cife WRukdag I@U&ﬁé an® rdHRhOStafGHABET AnTilks the

running tool is advanced a predeterm ned diStance fromthe ™ point where the
out er tubp@rgomaﬁgﬁrmblagdigngen witle a st ené ad theoubing pitached hpasgrsit ugbhéxee t he

second en t i I

dovi ce. T D0 E: AARbTEhd B ENER ko Sl i B BRI ETHE,
retainingwdmmneépthﬂe@@mhm@akvmsldﬂ&lmhmngumﬂnﬁgmﬂabbm&ndmmmeh&sﬂ&talIs a
seal. To inst he sea erator partiall]y nergi zes, a hydraulic
ram arran’é‘é‘%ﬁ%m% aEET ARbeP ef FFn IAR oR {5 #2@“ %ﬁﬁé‘f‘grﬁ AR ST ’E‘%Eﬂg hanggfi ch
causes anja@ney i ine Hutdr raﬁblﬁ aﬂ%@haﬁ e isRahuding Har%@ﬁistﬁuﬁ@d RtNeesh fRe outer
tubi ng hanger and the wel housi ng body." The seal causes a | ock ring

t 0 engageowen yeiRg hpnggr. gh@&lbwm is hemgve |detadedi d¢seuistiangoiibelgperativasofgnevent i ng

upwar d Quter tubing hanger. The seal also pushes against a
rel ease pﬁ%ﬁﬁgﬁ¥8ﬁb%gﬁges the ratchet ring to collapse inward. [00081 The

running tool is pulled upward, which |ifts the inner tubing hanger. As the
i nner t ubi0AgS]Wandarg haggén dssemtbly istattached o aipbanghangératinnieg tool sdidlowatedr

ggc\gﬁgi eaiﬁg{ %%Vggfﬁa(ti g‘g@i‘uggg é%&%r{]gﬁ c%scl}lglg,oo? tl%cmgt, Lfsb Isuns ende(ti %m tu%&% h\g/g!gérbor €
assembly. The tubing hanger assembly comprises an outer tubing hanger and an inner
tubing hanger. The outer and inner tubing hangers are initially held together by one or

more shear pins.

[0006] The tubing hanger running tool lowers the hanger assembly until a shoulder of the
outer tubing hanger lands on a wellhead housing shoulder. A ratchet ring, located within
the outer tubing hanger, is held in a disengaged position, as will be explained
subsequently, which allows further downward movement of the inner tubing hanger
relative to the outer tubing hanger. The downward force of the conduit on the inner
tubing hanger causes the shear pins to shear, thus freeing the inner tubing hanger from the
outer tubing hanger. The operator continues to lower the tubing hanger running tool and
inner tubing hanger, with the first end of the tubing still attached to the inner tubing
hanger. A second end of the tubing latches into the wellbore downhole retaining device,
such as a ratchet latch mechanism, which may be located within a gas storage well. The
length of the tubing is calculated, in advance, so that the proper amount of tension is

applied when the inner tubing hanger, and the attached tubing, is pulled back to the outer




wel | head housing. The ratchet ring ratchets on the external threads of the
i nner tubing hanger. The length of the tubing, and the distance of the
pull of the running tool, are predeterm ned so that the desired anmount of
tension is reached when the inner tubing hanger is engaged by the ratchet
ring. The ratchet ring holds the tension in the tubing by transmtting the
|l oad to the outer hanger and fromthere to the well head housi ng. The
operator may then increase the hydraulic pressure on the ramto fully set
the seal . tublg hemlgemi Mhust el ruinsing edod as edvahcaina mh@iemuh'med kizgstegee filoyn thet at i on

of the runnin . Thi sults int runni t ool Nnscr from
e L AP E e e g ing Fatoh fnd s R At Dol s R S el s
[0009] Sosdcbad edd VT (HEBRBRE 1dthdhtits heti@ibbRAoWNBSIe rattivmitdegies and obj ects of
the invention, as well as others which will beconme apparent, are attained

and can be understood in nore det ai ticul ar descr] ption of the

i nvent i onl8907kAftgr thepreand %Iéb(’fé}b‘bt\‘/‘ém%i/laﬁéeq?@g)aéﬁW‘F‘@fné deviee ﬂ?eoOPteF?éor
enbodi nen%to%@@x@?@ﬁmﬂg'ﬂo%harhﬁth%ﬁ llﬂéﬁﬂlg atsesl, I lrnlé'@ll ARPLAdet cpbDstiallyWhi ch

dr awi ngs ma part IS specification. is to be noted, however
that the elmhrgmsrﬁghydraulmgtanaareangﬁhyntalswcate@lrwéld thentybiigrhanger gantting tdobyent i on

and is thetefore not to con |de d li i ng. of S

i nvention Eﬂab Cﬁ%@“tegergFngn% y%\hefsfeeclf}1E (%ltg)rrrlbbgé eenﬁﬁg.gut?%%l%g% Fi gure
1 is a sepidgenald thé Wlliﬁcad&hﬂuﬁmgemﬂyaﬂ%e@éﬁb@ﬁhsﬂﬁaﬁllochfrxn@ t6 tipabe g ldokalngand

i nternal | ockdown tubing hanger Héc){/stem [0011 re 2 is a ectional view

of an exe#PEF g1 é‘??oWEWFéﬁthoB?mg Y% RHTi ig uBWgruPP@Wnio SO Fi gure
3 is a depgjly h\éhgéfv ‘Pfxe §é3?al§@ﬁ1hsh@§‘é§aln@%1@%b Bih NGhiof cdul& tBé‘FthPlgt ff¥l oni ng

system of Fi gure 13] Figure 4 is a sectional view of
communi catolbpseoowaxdr of the tubing tensioning systemof Fi gure 1.

[0008] The running tool is pulled upward, which lifts the inner tubing hanger. As the
inner tubing hanger is lifted, it moves upward relative to the outer hanger, applying
tension to the section of tubing between the wellbore downhole retaining device and the
wellhead housing. The ratchet ring ratchets on the external threads of the inner tubing
hanger. The length of the tubing, and the distance of the pull of the running tool, are
predetermined so that the desired amount of tension is reached when the inner tubing
hanger is engaged by the ratchet ring. The ratchet ring holds the tension in the tubing by
transmitting the load to the outer hanger and from there to the wellhead housing. The
operator may then increase the hydraulic pressure on the ram to fully set the seal. The
running tool is released from the outer hanger by rotation of the running tool. This

results in the running tool unscrewing from lifting threads to allow retrieval.




[0014] Figure 5 is a sectional view of the tubing hanger of the tubing
tensi oning system of Figure 1. [0015] Figure 6 is a sectional detail view
of the | ocking nmechani smof the tubing tensioning systemof Figure 1.
[0016] Figure 7 is a partial cut-away side view of the ratchet ring of the
tubing tensioning systemof Figure 1. [0017] Figure 8 is a partial
sectional view of the ratchet ring of the tubing tensioning system of
Figure 1. 5 3 DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT [ 00181 The
present invention will now be described nore fully hereinafter with
reference to the acconpanying dramnngs which illustrate enmbodi ments of the
invention. This inve : . n many different
forns and shoul d not B%Rﬂgg e e ‘stl ustrated
enbodlnen h_herei.n t t hes enbodi, nent s |ded SO
that this @Pge#()otshgtr% W ?erﬁréwthR%rtgeugeﬁtu i 05’3%¥e§t38d ngﬁﬁts\?n?he lg\fen y convey
t he SCOpeas()f/eII Beothary ehich avill becdniiompashl, hile@ttaingd tltEcaarte untiérki@odintheres ref er
to like ement s t hr qughout , . t he pr.i notatlon i f used, .indicates
si ni | ar e$ b pcee paticuds ﬁ‘&FWQ@gQWBBYﬁHH% detly pemprized perveimay tedadi gure 1,

wel I head W%b?ér@&e]tQQhé SmBYBRRAKL BEreBPRYRLAS Ws{rlé‘t%@qin ‘ﬂ{e ende@ccﬁ'g\@ﬂ inside a
wel | bore. The wel |l head may be a surface wel ubsea wel ead.

[ 00201 Si Viljce drarWngSr fommi ;rgart 96 Ithig SIBTHICation 0 1t @ctmm r@é@i ahogem,r @alau the
cylindric navin threa s .104 o att chlng t he
St 101 TavRERHIRAg oL Bkt REo ipveol Bl ol ™ Al b Hey ave
hydr aul i cbepdomsidersd Lﬁﬁtmgl&&ts‘ Lbpasd uhaﬁnv&gu@nmayél@rhglta bthgr éqmny ’ffedtvel outer
body 110, W@ Fh acts as a ram for applying force to an adapter sleeve
114. In a0 BiSry enmbodi nent, STRT 101 has two sets of hydraulic ports

116, 118 near the threaded end. The energi zing hydraulic port 116 is
connect ed0dM] Figure 1 is a sectional view of an exemplary embodiment of a running tool and

internal lockdown tubing hanger system.

[0011] Figure 2 is a sectional view of an exemplary embodiment of the running tool of

Figure 1.

[0012] Figure 3 is a detail view of the seal and lockdown ring of the tubing tensioning

system of Figure 1.

[0013] Figure 4 is a sectional view of the communication collar of the tubing tensioning

system of Figure 1.

[0014] Figure 5 is a sectional view of the tubing hanger of the tubing tensioning system

of Figure 1.

[0015] Figure 6 is a sectional detail view of the locking mechanism of the tubing

tensioning system of Figure 1.

[0016] Figure 7 is a partial cut-away side view of the ratchet ring of the tubing

tensioning system of Figure 1.

[0017] Figure 8 is a partial sectional view of the ratchet ring of the tubing tensioning

system of Figure 1.




one or nore hydraulic pistons 106 that cause running tool outer body 110 to
axially extend along the length of STRT body 102. [00211 The de-energi zing
hydraulic port 118, also located on the first end (the drill- string thread
104 end) of STRT 101, is connected to one or nore hydraulic pistons 108
that cause the running tool outer body 110 to retract. Wen hydraulic
pressure is applied through the de-energizing hydraulic port 118 to the
de-energi zing hydraulic pistons 108, the pistons cause the running tool
outer body 110 to retract axially along the length of STRT 101, towards
drill string threads 104. In an exenplary enbodi nent, running tool outer

body 110 is ae—E$é§%—E§¥ﬁ$%§ Lal. . di e of tive to STRT
body 102. Thbb h i%gﬁgﬁéuggéiggg‘hgRgigﬁggg@QQQﬂiéhgeternined by
t he amoun draulic pressure ie o th iLstons. 1n some

enboat ment W18, RSl i eRlog Y S ARkt oy ielihsr ip P enstey

runni ng t @oktheOaticempitihy dhkdidp@swhion ggstateSenEiheits oftthaddientort 0 TAly adapt er

sleeve 114. In a preferred enbodi nent, the copnector 120 i t hr ead
profile. (DODP THE FoVSteheha CBPOSTRIn g AV EEhriREE: GRS hotd gt be

connect i ngy AYALAYL iignile MBSt AlluRARI LAFQIEMPASS 3985 hdR: Famesagend end of
passages 122 may have fittings or connectors 123. Connectors 123'nay
attach t oembediiants hietprovided wrthatithis disglaspt avill béthopanginand edthpletel @, will0023]
The second,end of the STRT.body 102 has connectors 124.for nn ing STRT
101 to anbPRePmRy S SeoRt of tcAverb SR shARCRIRRSH Yebarr Lot BTG E !
assenbl y Delemeas migctighouf, 24d nigy pidx@e aotatliog dflastde triivacss Gimiha wilengentshiheads on
the ID of the second end of the STRT body 102. In such enbodi nents,
oper at or PHIVEIRPOADENSn conm col lar 126 and then rotates 8-9 turns in
the right-hand direction to make up STRT 101 and comm collar 126. After
conm col | po19j2ReftRind b Fehes ll,t@elﬁfgﬁﬁ_ hoQshy 102s shfportd® abk®xS waltHead SHRWN) May

be used to prevent commcollar 126 fromrotating on the STRT 101. In an
exenpl ar ylosgpdinside atwellsRT The wellbead maybearigefacasel Bicahorof subseagriiiead. al | y
avai |l abl e

[0020] Single trip running tool ("STRT") 101 comprises a generally cylindrical body 102

having threads 104 on a first end for attaching the STRT 101 to conduit such as a drill
string (not shown). STRT 101 may have hydraulic pistons 106, 108 for actuating an
energizing running tool outer body 110, which acts as a ram, for applying force to an
adapter sleeve 114. In an exemplary embodiment, STRT 101 has two sets of hydraulic
ports 116, 118 near the threaded end. The energizing hydraulic port 116 is connected to
one or more hydraulic pistons 106 that cause running tool outer body 110 to axially

extend along the length of STRT body 102.

[0021] The de-energizing hydraulic port 118, also located on the first end (the drill-
string thread 104 end) of STRT 101, is connected to one or more hydraulic pistons 108
that cause the running tool outer body 110 to retract. When hydraulic pressure is applied
through the de-energizing hydraulic port 118 to the de-energizing hydraulic pistons 108,
the pistons cause the running tool outer body 110 to retract axially along the length of
STRT 101, towards drill string threads 104. In an exemplary embodiment, running tool
outer body 110 is able to travel an axial distance of 1.2 meters relative to STRT body
102. The force exerted by the energizing pistons 106 is determined by the amount of

hydraulic pressure applied to the pistons. In some embodiments, the hydraulic pressure




running tool, Vetco Gray part nunber R117920-1. [0024] Referring to Figure
2, adapter sleeve 114 is an annul ar sleeve attached at a first end to the
runni ng tool outer housing 110 on the lower end of STRT 101 (Figure 1). The
second end of adapter sleeve 114 is attached to seal releasing latch ring

- 132. The inner dianeter of adapter sleeve 114 is larger than the outer

di aneter of commcollar 126, allow ng the adapter sleeve 114 to pass over
t he outside of conmcollar 126. [0025] Seal releasing latch ring 132 is an
annul ar rhmgbe@ﬂﬁ@qkbdrbehmeﬁﬁRadamﬁ@;kelemnebmﬁanuamﬁcbhﬁxemeﬂgtﬂkng ring
133. Threade .connec ors e second, en f the seal ter sleeve
114 attacﬂ%F%n%ﬁthG ﬂh?ei é%n éﬁ%@%”%§@n@ﬁagggtﬁFéP&Q%Wﬁ Baféh ring
132. In amr&y@RHIArY enbodlnent, adapter sleeve 114 is attached to the sea
releasing latch ring 132 by threads having a | eft-hand rotation and is

| ocked in(PIace by a series of |ocking screws (not shown) Erevent
det achnent OA%IrTh?gfy iR o SIRT mawhayercapnociong 14akeg cortnﬁ?tggdlyré‘raatlp igesyigg

| ocat ed o gl AUBERA0 195 oAl AEREAGE bALER: izROp Rl SR 0 7

connect to sea otted | t rea pro

al l ows t h@rmcrmrﬁgB h@mg@ptormldﬁlmfg/ attech totsondardgomgsent fof epampleydhsemhmby
strai ght “?ﬁ% novenent. [0026] Referring to Figure 3, seal assenbly 140
is rel easd y ‘Carried by seal releasing latch ring 132 (Figure 2). Seal
assenbly 140 lands in the pocket between well head housing 100 exterior
wal I and [0028]rithetsacigerent mifietie $ORIY badiA102Sealcoasceibll 34 fof @omsectimg STRUP

entirely net al conponents. These conponents i nclude a gener 1y U shaped
seal menberiopighe POPERD SfCch 38 OR © o‘§12 |§ LGSR Béultf);‘)

paral | el ¢aReEtoMBld m8Y be b eBredRd cohht@idr %gﬁnéﬁg‘ead};%g tREIM af gRNBEMIRLJt 0get her
at the bottom by a base and open at the top. The inner dianmeter of outer

| eg 148 iof thexdlTTAT bpdy ptk el sueh ombailimersin apriatasdansls STRTakHtarcopim collrer | eg
150. Thi 512% da%t‘d' theén tc?at@p Al L Eiqaggxt'?‘%}%hﬁ’%c}ﬁ%&gr: a? ui;ﬂ'é‘thlﬁ%t andN€ 1 nner

di anet er |ane er are aces parallel
W th eaodmrmam batar 155. nAftardomm bdsiearﬂmgrattd«t}&dmt STROfbotyn he2, td»rqge R0 (nmd t he

r 148 are s cylindri 1 e
gﬂ? ]? ;Cglsalge;tvg)r mg}f/ bg ldge% to pre nt comm collarnleg from rc%ating on tﬁ STR% % In an
exemplary embodiment, STRT 101 is an extended version of a commercially available

running tool, Vetco Gray part number R117920-1.

[0024] Referring to Figure 2, adapter sleeve 114 is an annular sleeve attached at a first
end to the running tool outer housing 110 on the lower end of STRT 101 (Figure 1). The
second end of adapter sleeve 114 is attached to seal releasing latch ring 132. The inner
diameter of adapter sleeve 114 is larger than the outer diameter of comm collar 126,

allowing the adapter sleeve 114 to pass over the outside of comm collar 126.

[0025] Seal releasing latch ring 132 is an annular ring connected between adapter sleeve
114 and the energizing ring 133. Threaded connectors 134 on the second end of the seal
adapter sleeve 114 attach to mating threaded connectors 136 on seal releasing latch ring
132. In an exemplary embodiment, adapter sleeve 114 is attached to the seal releasing
latch ring 132 by threads having a left-hand rotation and is locked in place by a series of
locking screws (not shown) to prevent detachment during operation. A slotted left-hand

thread profile 138 located at the lower end of seal releasing latch ring 132 is used to




[0027] Energizing ring 133 is enployed to force legs 148, 150 radially
apart fromeach other into sealing engagenent with sealing surfaces 156,
158. Sealing surfaces 156, 158 may be any kind of sealing surface

i ncluding, for exanple, w ckers. Energizing ring 133 has an outer dianeter
that will frictionally engage the inner dianeter of the seal outer |eg

148. Energizing ring 133 has an inner dianmeter that will frictionally
engage the outer dianeter of the seal inner |eg 150. The radial thickness
of ener gi Zbihgetth Bgal 233mbl/ BIve Atherslotied &ft-hand thiehd p@lfile B34 Alowditinenbingn of t he

cl earance of the cl earance bet en eal 4 50. The energizing ring
133 pushebBangRruapise tqoéfj’s‘f%{’ﬁ&?‘ic 8’5‘& tﬂhsg aé%’ééllp"t’% §n°["8me’3:torrpre35| vely

engage the sealing surfaces 156, 158 on wel | head housi ng 100 and t ubi ng

hanger i npmRepREWrhi4o HiRR28] sddeheinbRyl400is frlgakaBlyarre@Bi §dal adldadingcol | ar
("comm co Iar") 126 is an annul ar sleeve that may be connected to STRT

body 102 lamhgig 133 (Figwe pperal apgmbly édhiandg én Iﬂé?r packet befween wshedt or 162
h
cort eaponirAEEANE G LABNGEY Bia dBhe BART 00NN BOREY SR APRAR:

t he conmm gpkhtaely b? Gndtasoopanaty. oflsesd 6dmpanchtsascluder :e geledhllyovhseapediseal 8

0029] Ref Fi , | | 6 h bi h
el ongat o0 BT 07 8B G AT RtEane! odre 4t Fid SPAEaiTbIE? Sich as

anti - r ot atekbQ80,0HS NgH Y38,0150 HeRigWdBnde@YIogdlitdr abiheWajtomEyy ab&sb'%@cﬂolﬁ@i apr event
the comm col | ar g fron1rotat|n in relation to the tubing hanger [0030]

Ref er ri ngthBdeik T@3Fm@h¢@nﬁmr€BﬁW¥%@Eﬂé?lﬂgémﬁﬁypﬁﬁﬁémﬁﬁﬁéék@?ﬂﬁéygéges 166
thr quh. t&ﬁl Qt%} l)f”‘lrnn@rn%%fl'lf»&t 'T'Bgssregiﬁé i Yh ARk él%ra&%t&%eﬁgeélgﬂgslﬁp(:h as

hydraul i c nes at ower en e tu es or passages A hydraulic
hose (notThhmmmomﬁmdnnmhbmcsumidcmwanNbsn@nhaﬂh@@CMGMHydﬁauhmclwﬁht 118 on

STRT 101. . lic h be i
168 at  HECLBEha mRH o ny et dgeist Cpand g AR S AR hose

may descegd 1450 4abothNey et giaeallel suraos¥e enbodi nent s, ther types of
| ines may be connected through the commcollar 126, such as signal lines or

[0027] Energizing ring 133 is employed to force legs 148, 150 radially apart from each
other into sealing engagement with sealing surfaces 156, 158. Sealing surfaces 156, 158
may be any kind of sealing surface including, for example, wickers. Energizing ring 133
has an outer diameter that will frictionally engage the inner diameter of the seal outer leg
148. Energizing ring 133 has an inner diameter that will frictionally engage the outer
diameter of the seal inner leg 150. The radial thickness of energizing ring 133 is greater
than the initial radial dimension of the clearance of the clearance between seal legs 148,
150. The energizing ring 133 pushes the seal legs apart, causing the seal legs to
compressively engage the sealing surfaces 156, 158 on wellhead housing 100 and tubing

hanger inner body 174.

[0028] Referring to Figure 4, communication collar ("comm collar") 126 is an annular
sleeve that may be connected to STRT body 102 (Figure 1). The upper end of comm
collar 126 has a connector 162 such as a threaded connector for attaching the comm
collar 126 to corresponding connectors 124 on STRT body 102 (Figure 1). The lower

end of the comm collar 126 has connectors 164 such as threaded connectors.




power lines. [0031] Referring to Figure 5, a string of tubing 170 is

| onered through a well head housing assenbly 100 (Figure 2) and into a
wel | bore 172 | ocat ed bel ow wel | head housing 100. Inner tubing hanger 174,
a cylindrical menber, is connected to the top of string of tubing 170 and
becones a part of the string of tubing 170. Inner tubing hanger 174 is

al so part of tubing hanger assenbly 130, and may be consi dered an inner
hanger portion of a tubing hanger. I|Inner tubing hanger 174 has a set of
ext er nal mﬂaeyﬁsferﬁl@ tovitigurh 2acemnf colled2bys peachéd e tubingChunpar doddasdd ri dges

on the outer of 1nner tubing hanger 174. 1nner tuhi hanger 174
as an o Bt B REERh RIS An B gOaR S o v e BRHEtRySRnBr s body
160. E onq;ag ¢t L SwiBMap Be abddae el ehOthe QBRRE tOMar 104 Rim sMAg ol | ar

126. { 00 he t ubi ng string 170 suspended fromthe tension set t ubi ng

hanger coﬁ%ﬁK@é@ﬂ@tWWQSQ%%EQublng that is well known in the art. The second
end of the tubing (the end opp05|te the tubing hanger) is latched to a

subsurfacpmtswme@ inbak GORYARL LOL mlc%n&m{zg a0 RE0RRIRN0r blsBlks PEBIP! ary

enbodi nent, the end o using a  ratcheting
| ocki ng dtwiugh the ecllac hnd &ttolgs )68 Fm@b&] foOaitt@:hmgdmg&lsuCin&& hy&irwyt ihncbr itcal

menber, | arrle r tubln form,n art of a
t ubi ng hat?llgeg?wgrs%ne 9‘6 r{glﬁf) cﬁﬁaé?a 2@% Aléﬁfl?‘ﬂbc lﬁuoc‘fgs(n% %ﬁ ﬁg g 182
and a rat ahfte map®e Ja&écheli@@ﬁycﬂﬂaﬁlg: B2 1 easn STHOWMMAT Al sévat hgdlaalithakg

shoul der 186 for |anding on well head housing assenbly | oad shoul der 188
(Fig. 2).noRehosmemay pRgiachad r%ﬁ%lagrlﬁ%atWWPﬂd@W?fﬁh‘éwb?@&a@%aaen Thsad ring

182 for engagi rme thE"ﬁﬁ% dEééQM‘&rél%ﬂgﬁé wgmo%@dﬁl AR e&Q@AémBeJtﬁér“ ng to

Figure 3, |ockdo ring whi ch can be a split ring, engage groove
192 in weﬂyp%e@fdhrt@@umynlgp cormerthd yhra@h the cbmnc bollapd @6, susly as 8nahligdsace.

Lockdown (£M9%n190 which is inwardly biased, does not engage groove 192 in
vel | head RoUSI

[0031] Referring to Figure 5, a string of tubing 170 is lowered through a wellhead
housing assembly 100 (Figure 2) and into a wellbore 172 located below wellhead housing
100. Inner tubing hanger 174, a cylindrical member, is connected to the top of string of
tubing 170 and becomes a part of the string of tubing 170. Inner tubing hanger 174 is
also part of tubing hanger assembly 130, and may be considered an inner hanger portion
of a tubing hanger. Inner tubing hanger 174 has a set of external grooves 176, which are
formed by parallel circumferential ridges on the outer diameter of inner tubing hanger
174. Inner tubing hanger 174 has an elongated neck 178, which protrudes above tubing
hanger outer body 160. Elongated neck 178 may be attached to connector 164 of comm

collar 126.

[0032] The tubing string 170 suspended from the tension set tubing hanger comprises a
typical tubing that is well known in the art. The second end of the tubing (the end
opposite the tubing hanger) is latched to a subsurface fixture by a conventional latching
mechanism. In an exemplary embodiment, the lower end of the tubing is latched using a

ratcheting locking device ("ratch-latch").

[0033] Outer hanger 160, a cylindrical member, is carried on inner tubing hanger 174,

forming a second part of a tubing hanger assembly 130. Outer hanger 160 includes a




assenbly 100 in its relaxed state. A chanfer on the |ower surface of sea
146 engages a chanfer on the upper surface of | ockdown ring 190 when the
seal 146 is set in place by the energizing ring 133. The seal causes the

| ockdown ring 190 to expand and engage the groove 192 on wel |l head housi ng
.assenbly 100, and remain engaged as long as the seal 146 remains set in

pl ace. [00351 Referring to Figure 6, ratchet ring 184 is a nodified version
of the ratchet ring shown in U S. Pat. No. 4,607,865, David W Hughes,

i ssued f\ug)adZ}ﬁl,g Il&&ﬁmd Radicteeting i189. 1184 rhgs] &2niaeranddwivestl Hacdi® lanlingh engage
ext erna

ext er nal Héé fae agldgi‘ggoer{/\ﬂ’teﬂﬁéagﬂtféﬂé |aﬁie@1ﬁpélloaﬁ§at Ch@ﬁ%&%ggﬁée’glggsi n

| oad ri ngR&éget ﬁ@e@ﬂ iPERGeLNEhiS & Shek BeckRiih Il hghBh doPéeaging 8R0Bker160 on
inner tubing hanger 174 at the base of the external threads 176. Any

nurber of tublngdrangirflgealyd 76.may be used. In a preferred enbodi nent, four
shear pins 202 are distri but ed circunferentially around tubing hanger

assenbl y @34] §€@ﬁfnjg_% ﬁdow%rlﬁ%el odf fvRich chP®8 aldhfiri %vdl %Ega%eon | oad

shoul der t| ona ght fromconduit I ig. 5) is
appl i ed. grhmose 2 mwllhcaddroumuglawgmhbfnl@éﬂo lla?ah ID@d m&mmr B0¢l@§lbwn| ve to
| oad ring 18 Rat.chet . novene e%% se it is

hel d i ni P14l I99/ Which, gs | i n(ﬂ&eélasﬁ‘g 406? 8ﬂt en@c%e Oove 1?2 eatd engage

mandrel  exdsenbigl100 v Baetsaxtd Gtatd 0A PhigvfeNbdn demwarsﬁrfawmﬂtmfengageea t ubi ng
hanger 174. [00361 Referring to Figures 7 and 8, key 204 holds ratchet ring

184 in th@“a@}fﬁdﬁﬁ@ﬁ uppRr sBHeEgidogkdevairigs 19%@‘9"’9@? gleél [¥casedniPlRcE B spl i t

of rat chefyelhdlgisi %‘}glg%'.’, ClT'hé §eaf @cﬁlkés' tﬁ@fockdom%r%pﬂ dotto @fpandbsd&lgalbd thg 184
i ncl udes two opposed “edges . Each edge 2 has a pair of rectangular

recesses g08ve K&yorp@4lllicad hD\mng aﬂgsmlzlydooemrremtnemgamgi dsdorg af thy sealom an
10 opposi %5 %I dmssf 1t body of key 204. Lugs 210 w |l engage edges 206
when key Fenains st 1y i upper position shown. This holds ratchet ring 184
in an expanded position. Wien key 204 is noved downward, |ugs 210 enter
recesses RO8s] R’dffersingltd) G¥gurd beratahsi Hing h&dy isof moddied hetsian ayfgth&&ttchab ripgnt r act

ratchet r Ihr(]) n1 % é OPat q\?o %%%9%%9 lga?vsu& W (ﬁ]ughes issued Aug. 26, 1986. Ratchet ring
184 has internal teeth 194 which engage external threads 176 on inner tubing hanger 174.
Ratchet ring 184 has external load shoulders 196 which engage internal load shoulders
198 in load ring 182. Shear pins 202 serve to initially hold outer hanger 160 on inner
tubing hanger 174 at the base of the external threads 176. Any number of shear pins 202
may be used. In a preferred embodiment, four shear pins 202 are distributed
circumferentially around tubing hanger assembly 130. Shear pins 202 will shear after
load ring 182 lands on load shoulder 188 (Fig. 1) and additional weight from conduit 170
(Fig. 5) is applied. This allows inner tubing hanger 174 to move downward relative to
load ring 182. Ratchet ring 184 allows this downward movement because it is held
initially in an expanded position such that it will not engage mandrel external threads 176

to prevent downward movement of inner tubing hanger 174.

[0036] Referring to Figures 7 and 8, key 204 holds ratchet ring 184 in the expanded
disengaged position. Key 204 is located in the split of ratchet ring 184, which is resilient.
The split of ratchet ring 184 includes two opposed edges 206. Each edge 206 has a pair

of rectangular recesses 208. Key 204 has two lugs 210, each extending laterally from an
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[ 00371 The nechani smfor rel easing key 204 includes a rod 212 whi ch extends
upward and is secured by a pin or screw 214 to key 204. Rod 212 extends
through a slot 216 fornmed in the load ring 182 and is held in the upper
position by a key shear pin 218 to prevent premature activation of the
ratchet ring 184. Slot 216 incorporates a hole through which pin or screw
214 extends. Key 204 is located on an inner recess portion of load ring
182 while rod 212 is located in slot 216 on the outer side of |load ring
182. Rod 2dpsit¢ sidpuofthe dodpuieyr 204byugs UG iwalc engage tees 206 whhan kSﬁZ(M k46 (Fig.

3) when the,annul ar .seal L t i ac t he energ|ZJng ring 133
CFig ). M oeme: Reva taymndoi ol Srerislidm I84ay ph e ioutiongh 06 e a
tubul ar nR&DEYY ik A8 doRhwaldNRigd PPE bnt@ fhc@ses22088This HUGH tRSreRiliBRS oft or age
well. It has a cylindrical bore 220, and may have one or nore val ve

assenbl i eEichobring 84|t semrasiatheigine0B4iadicangagshapdtiotci ng  shoul der 188 for
| andi ng tubi ng hanger assenbly 130. Goove 192 (best shown in Figure 3) is

| ocat ed omogﬂern@ﬁ@ahaﬁgﬁ%ﬁ ?erlea%gtxéa? 208 llﬁmgahealégmhic@loexmﬁs 5@@5% ng a

tubi ng hanger | ock-ring for “securing outer tu hanger I'n place.
Ref er r i ngandois Epgm¢Cbby 8,puwelt $dn@ad14h©cuk¢3n@0410&ow2$b ehtasdsathwgh iarsptAI6T ace
156, whergin seal . 146 ed to forma s ai nst. .t he

seal i ng sﬁppg{ge tlﬁg d it ls%zréfngc% hi@én eyupc?t?r S&“ l?y a%ﬁ\’/é % dfenti al
grooves, @eveht pﬂeﬁfaﬁl,re ﬁ@fvaﬁ@f ofi tRgratcheerdlg 1§40GRA 2 1 Rafcorpordies 4 bldthediigh 2, in
operation, Inner tubing hanger 174 is located in the bore of tubing hanger
outer bodyh lfgﬁma‘?foscFF'éT 214 Rtpdsc a2 0rie lesptefomensparessshronion of sgdi ng  or

tubi ng comeiidr iR dod 23 taebed mldt@m@cmmbdu'f@ sm%rb@gad%gls@n%u%lbowed

through well head housing 100 into wellbore 172. Se
at t ached is puéwddgivaivag tni mgurfatgsn tlwmrmhlar scah i 4@ hgd)twhepdht amelagasilng | at ch

ring 132 N |s' at.t ached ter sleeve 114. Adapter sl eeve
110% S5 140 &0 i Badati & PR OE 68 159088 ody 110 of the STRT 101. STRT
body 102 is attached to the comuni catlon collar 126, which in turn is

attached [ﬂ%&j)ﬁdﬂﬂﬂgi badcti Plglﬁe of welitiread hbmﬂhig\g)dﬁamgemulaﬂlﬂemﬂélr 1000k The
assenmbly, 'the up 2 Ier? o égﬂuc as'a g%(s? rs]:[‘pracgg lee as a cly nd%calt I;Jotl)ré 9?0, ngg rgn% 178,
have one or more valve assemblies 222. Wellhead housing 100 has an upward facing
shoulder 188 for landing tubing hanger assembly 130. Groove 192 (best shown in Figure
3) is located on the inner diameter of the wellhead housing 100 for receiving a tubing
hanger lock-ring 190 for securing outer tubing hanger 160 in place. Referring to Figure
3, wellhead housing 100 also has a sealing surface 156, wherein annular seal 146 is
pressed to form a seal against the sealing surface. Sealing surface 156 may or may not

have circumferential grooves, or wickers, for forming a seal.

[0039] Referring to Figure 2, in operation, inner tubing hanger 174 is located in the bore
of tubing hanger outer body 160 and held in place by one or more shear pins 202. Casing
or tubing conduit 170 is attached to inner tubing hanger 174, and is lowered through
wellhead housing 100 into wellbore 172. Seal 146 (Fig. 3) is attached to energizing ring
133, which is attached to seal releasing latch ring 132, which in turn is attached to adapter
sleeve 114. Adapter sleeve 114 is attached to the running tool outer body 110 of the
STRT 101. STRT body 102 is attached to the communication collar 126, which in turn is
attached to extended neck 178 of inner tubing hanger 174.
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t ubi ng hanger outer body 160, adapter sleeve 114, seal releasing latch ring
132, energizing ring 133, and seal 146, and further conprising tubing 170
attached to inner tubing hanger 178, is lowered into well head housing 100
on a conduit (not shown). The tubing hanger outer body 160 | ands on the
upward facing | oad shoulder 188 (Fig. 1) of wellhead housing 100. The

wei ght of the tubing 170 pulling on the inner tubing hanger 174, and/or
the force fromthe drill-string conduit (not shown) cause the shear pins

302 to dshamm]Tﬁhemamb@laﬁﬂﬁﬁh@uﬁﬂﬁglﬁamgmnl@Mherﬂbﬂdyrﬁﬁﬁgdmagﬁs7ﬁurther
ownwar venent. [004 S 101, commcol lar 126, .and inner tuybhin
hanger 174Y%%htARgFE (%‘Bern%‘lﬁb’ Tﬁvﬂ%ﬁ%& ©vat i e St8 Wgelaf;lﬂ%g]ﬂtcﬁo’ﬁ%gr} ’108 and

now- st at i QRALYidsUR B3N aRYSEal A4S SindaMNer claﬁ@risiﬁ% @uﬁi‘l@%ﬂ T1@8BttRhed WBhert UDI NY
hanger 174 having external grooves 176 passes throug t he tubi ng hanger

out er bodyubimphanger HSyisdovered frdp webhersehorsing F0Gen e gendyit{pgt shewbbdlhtent

i nner tubi h : Di anger
out o boc IO AAE 748 JRETRR B hpudyy PEA Sad bl 138 oy Thol 198" of
i nner t ubietipedddrogsng 1001 Ahelweight dithe tubixgy 170qnllofg @otmiwer hdingli2mgeray or
may not p rqough tubin nger outer body 160, depending. o e

t ensi oni ngﬁ’é&&g’F s H’BF‘ tﬁﬁgraﬂl%%g r‘f@n‘ﬁ"btpffl?t ?‘ivgnc.aufeotgﬁgl]‘eaf ﬁ‘ﬁ‘é EO% E’bi ng
hanger 174pdag | PRAtRV-Bndide e Haned dut@VBbdydilsh adtagsbalrder tadlinkerd hanger
outer body 160. The travel distance is calculated such that when the tubing

is stretaodmpit- t he anount of the travel distance, the tubing will have
the desired anmount of tension. The travel distance nmay be uni quely

cal cul at eg()({4gf E?R“Phloalp%ﬁqﬁﬁ&&l%-128,”%&?%Elalubingt H'ﬁxg&xr y£lcoftintk ah GRoveS

cal cul ate e greater than the thermal expansion distance expected for
t he t ubi ndowin@ard THlativtelte weHheaghpasisg 600 aynovestationdnyr uhige hiahger ytenbatly

di schar ge of 4 gas.through Lhe, pel L bore 172 Lo appl cal | arls.suehogs oas

st or age. pansit on nmay a Tew centl nme S Or up

to 1.2 nmetRr@bingNkhngbUsutel BO@F 160/kind gnban gRIthé 7dovirdyarde InoweleRemplaywher e
froma few centinmeters up to 1.2 _ neters bel ow t ubing haﬂger,outer body
160. At achbedicieiBraiuPiedEnei ldéresaindshiun foel 2 meters after the tubing hanger

outer body 160 has landed on the wellhead housing 100. Extended neck 178 of inner
tubing hanger 174 and the lower portion of comm collar 126 may or may not pass
through tubing hanger outer body 160, depending on the tensioning requirements of the

tubing application.

[0042] Inner tubing hanger 174 is located a predetermined travel distance below tubing
hanger outer body 160. The travel distance is calculated such that when the tubing is
stretched by the amount of the travel distance, the tubing will have the desired amount of
tension. Thé travel distance may be uniquely calculated for each application. In general,
the travel distance is calculated to be greater than the thermal expansion distance
expected for the tubing 170. The thermal expansion may occur during filling and
discharge of a gas through the wellbore 172 in applications such as gas storage. The
distance of thermal expansion may be a few centimeters or up to 1.2 meters, and thus
inner tubing hanger 174 may be lowered anywhere from a few centimeters up to 1.2
meters below tubing hanger outer body 160. At a point generally coincident with the
travel distance, the bottom end of the tubing 170 engages a latching device (not shown) in

wellbore 172, such as a ratcheting latch, thus fixing the bottom end of the tubing 170 in

12




travel distance, the bottomend of the tubing 170 engages a | atching device
(not shown) in wellbore 172, such as a ratcheting latch, thus fixing the
bottom end of the tubing 170 in 12 place. The bottom end of tubing 170 and
the latching device may be | ocated in an underground storage well. [0043]
Whil e the inner tubing hanger 174 is being |owered, an operator on the
surface applies hydraulic pressure to the energizing hydraulic port 116.
The hydraulic pressure is regulated by the operator to hold outer tubing
hanger bod&pCQGGhddxmomnertdhd tubmg 1handl dherlattBi8g idevise Inhdyebel ldvatediingin1 00

wi t hout set(%r seal 40 or energizing the |ockdown ring 190. As the
STRT body ) (g%ew through the well bore, hydraulic pressure on
ener gi zi ng port 116 is proportionately increased to maintain outer tubing
hanger bo{p436Whila tiEombéd wbingrhahgead 78 Hobtidg lowtd&d, wint dpetitorset th Bgrfidee seal

ravel ¢ AN REP SRR R eGP e S iy Bor £ D g OHe PRESHET Fer

tubi ng ha ﬁlrateae&r t@ng}% dritts td MoRUBker Albshiehangkt BEdyL840 dBSRSbRMhd %aldncreased
in tubing 70 during this upward novenent. 5044 At the end of the

pr e- det er PHoHligr Pk avellbead; léfmsmgr We\l‘/lthquhéeﬁlﬁgréhe saabilAQ onane@izinglthe r et ur ns
to a fi Xef?)ct?&“}htmgssur Thd e s?‘R‘teJodrﬁ/‘t'Bh MRS tﬁ@@%’th%@%u%%s@éir}%&fcs poi nt,

the hydraulic pr on t'he energizing por increa 0 the
maxi mum pthuebyn emzrglumtgr mgt 1 he 1a)ptoponibmatslb/ngcra:ds@dwburMntamt sut@stubingam t o

ush the t pve 114, seal . rel atch rin 2 gi zi ng
Pl 135, FoR Boay 1664 abaion aialord STpddenL s TP o b 6 Serbi1g0 st co
causes seglergAfs 1R loa@wnridd) €90 e@hni@%qteea pwRed VBEBal R evehd Meadubigusi ng
100 and i nner tubing hanger 174. seal 146 lands in the seal

pocket, i ltané@ruls%égs poldgddengk thrpugh tbg@ureFrt@mgehaggert 160, endothngitheenghanigheti nt o t he
'OdeOW” %g%& ERedi tﬁt‘nngh?o ttﬁtdg[tﬁ dpRolShARnd0. ~ The seal 146
R Teat st Rarie

al so engag ure using | nove down relative to outer
t ubi ng hanger 160. In sone enbodi nents, seal 146 nmay actuate | ockdown ring
190 and [10664]ZA_tZthbencbp’étherm@dettemtihﬂguﬂrmargevrertixilzltraivsl, dhaaimneibtabing hanger

174 returns to a fixed point within the outer tubing hanger body 160 and at this point, the
hydraulic pressure on the energizing port 116 is increased to the maximum, thereby
actuating the outer housing 110 which acts as a ram to push the adapter sleeve 114, seal
releasing latch ring 132, energizing ring 133, and seal 146 down relative to the STRT
body 102. This force causes seal 146 to land in the seal pocket between the wellhead

housing 100 and inner tubing hanger 174.

[0045] As seal 146 lands in the seal pocket, it causes lockdown ring 190 (Figure 3) to
expand outwards into the lockdown groove 192 (Figure 3) of the wellhead housing 100.
The seal 146 also engages rod 212 (Figure 7), causing it to move down relative to outer
tubing hanger 160. In some embodiments, seal 146 may actuate lockdown ring 190 and

rod 212 before inner tubing hanger 174 is drawn back.

[0046] When rod 212 moves down, it pushes key 204 down, relative to ratchet ring 184.
As lugs 210 clear edges 206 of ratchet ring 184, ratchet ring 184 collapses inward to its
inwardly biased position and engages the external threads 176 of the inner tubing hanger
174 with the internal teeth 194 of the ratchet ring 184. The external load shoulders 196

of the ratchet ring 184 remain in contact with the internal load shoulders 198 of the outer
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[ 0046] When rod 212 noves down, it pushes key 204 down, relative to ratchet
ring 184. As lugs 210 clear edges 206 of ratchet ring 184, ratchet ring
184 collapses inward to its inwardly biased position and engages the
external threads 176 of the inner tubing hanger 174 with the internal
teeth 194 of the ratchet ring 184. The external |oad shoulders 196 of the
ratchet ring 184 remain in contact wwth the internal |oad shoul ders 198 of
the outer 13 tubing hanger 160. Thus wei ght and the subsequent tension on
i nner tubhmgghangﬁﬂ6&71thwdQﬁaméﬂemn&dqwﬂnumﬁenohhb&n@bhgmgmmrlﬁﬂﬁ vi a

ratchet ring_18 ht and en5|o . erred fr m.out er t ubi ng
hanger 1662 I?sgerfeﬁeto Fef\lﬁ@é%#\ BGES h%o S{[ H%Lﬁ hotf geeht 4 ’ﬁl—‘?rbls 1). The
axi al travwehsfeedt e eutef tubmgafangétbuéogo @Ngelhedd AoussngkINOWAa idadativdage, and
thus the ratchet ring 184 may be sized and | ocated to engage inner tubing

hanger 17488 diigtlhe H@sa}x#f’é&a}’@@a%tﬁf’@ﬁ of imgistupige breger 17 h& ooy ad¥Rcexi al
I ength t h?[téd Wth@?at%@ Bng $8RLE be Ellgétp?rfdhgcétédat\é%h He3h AR Gfind Mang Q4

enbodi nmen e operato does” not up on ner t ubi ng hanger 174
after rat ehtt desirgl lbsartmhasTlmslﬂaab@etm@h&# héruan thiel keagtbHbat mange 184h does

not actually. . ratchet, but.rath hol ds .t ner tubjng hanger 174 |n

posi ti on. SYP%”“@PHB% fé%gélis{?ﬁﬁet glrn PHE 68%8551{68{} ﬁrﬁfpf)rﬁt %8%5 B PR NR Ot ubi ng
hanger 17#naf fubihg maﬁgéh ev4 aﬂdrrﬁgcﬂs‘sﬁngam aad dollpsed and thus tieadrhaging 184t chet i ng
engagenent .. [ 0047] th the wei ght and tension of the tublng nom1supported

by melIheﬁ%”ﬁ6ﬁ§ﬁH§b’@@@d?@?PWMfﬁfokﬁﬁh%é“ﬁTE@H@éﬁ@& | &l PR§tioRe Pubi ng
hanger asg ?&bérﬂboh\;ﬁ;ﬁm‘ft pé\erlo} Hay A8, uPBd isRAHARSRIHREY 1 A4 Ordrtafch@

wel | bore. [00481 e 1 nvention has been shown or described in only
sone of itlsgwlrhvspolilapsedsﬁmalcdlsm apishetogtengegenisose skilled in the art that
it is not solimted, but is susceptible to various changes w t hout

d ti :
et nod 1 ol PATRTAAE RRG: B jofich AR hBlke, i Wby o UNER hink 1
(a) rel eas@hISTRANGADInRY tendisenpaged udaving thangeing thangm assendily 11300 egnrthanger

and collar 126, and seal assembly 140 in the wellbore.

[0048] While the invention has been shown or described in only some of its forms, it
should be apparent to those skilled in the art that it is not so limited, but is susceptible to

various changes without departing from the scope of the invention.
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attaching an upper end of a length of tubing to the inner tubing hanger;
(b) lowering the tubing into a well bore and | andi ng the outer tubing hanger
in a wellhead nmenber; (c) disengaging the inner tubing hanger fromthe
outer tubing hanger and |lowering the inner tubing hanger bel ow the outer
tubi ng hanger; (d) latching the |ower end of the tubing into a retainer in
the well bore; (e) applying tension to the tubing by pulling upward; (f) as
t he i nner tubing hanger noves into engagenent with the outer tubing hanger,
| at chi ng MWatiineleimedu$si ng hanger into the outer tubing hanger to hold the
tubing in tension. 2. The nmethod of claim1, wherein step (e) conprises
restraini ng It héd neathaslfor aipiyigg tehsiogtera Wclﬂmrermbmgghupw&md cefmerisitgnsi on i s
being applied to the tubing. 3. The nethod of claim1, wherein step (a)
conpri ses at(tjacti¢asgpln mgzrgmhgwgnt motr tubirighbangennerant ubiengubiag gengeanahdst ep (e)

conprises lifting a ort| nni t ool e hol ding the outer

t ubi ng hangé‘& ‘%rﬁ \R&rre i%ﬁ’[ogt‘ﬁ {g?gh g\%glhﬁl?gﬁml further
conpri si ng i zing, a seal bet ween t he ubi n a and the

vel T head meBerONFUPEHE R RE dHig s W&@%@Pﬁiﬁ%ﬁ%‘w i3y Gpafthep dn
expandabl e FKidigedaghetr, the inner and outer tubing hangers in response to
energi zing the seal, whi ch | atches the inner tubi ng hanger to the outer

tubi ng hanges).diGneabites (B RBCkuBhhg hal b B! okb Ball hd okiRgRaNger i s

affixed to the inner ~ tubing hanger by at |east oné shear pin, and wherein
the at | eastinnshibuigdanggpbelopghe erferinbiig byngehe wei ght of the tubing hanger
and tubing after the outer tubing hanger |lands in the well head housing. 15
6. The net héd) lathiog tierdovigr entef tierulsheintd @)ctaoammn ihseellpodel i ng upward a
pr edet er mi ned di st ance.

(e) applying tension to the tubing by pulling upward;

(f) as the inner tubing hanger moves into engagement with the outer tubing hanger,
latching the inner tubing hanger into the outer tubing hanger to hold the tubing in

tension.

2. The method of claim 1, wherein step (¢) comprises restraining the outer tubing

hanger from moving upward when tension is being applied to the tubing.

3. The method of claim 1, wherein step (a) comprises attaching a running tool to the
inner tubing hanger and step (e) comprises lifting a portion of the running tool

while holding the outer tubing hanger from upward movement.

4. The method of claim 1, further comprising energizing a seal between the outer

tubing hanger and the wellhead member and

wherein step (c) further comprises collapsing an expandable ring between the
inner and outer tubing hangers in response to energizing the seal, which latches the

inner tubing hanger to the outer tubing hanger.

5. The method of claim 1, wherein the outer tubing hanger is affixed to the inner
tubing hanger by at least one shear pin, and wherein the at least one shear pin is
sheared by the weight of the tubing hanger and tubing after the outer tubing

hanger lands in the wellhead housing.
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7. A nmethod for applying tension to a well bore tubing, the nethod
conprising: (a) releasably engaging an i nner tubing hanger to an outer
t ubi ng hanger, attaching an wupper end of a length of tubing to the inner
tubi ng hanger, and attaching a running tool to the inner tubing hanger;
(b) lowering the tubing into a wellbore and | andi ng the outer tubing hanger
in a wellhead nenber; (c) disengaging the inner tubing hanger fromthe
outer tubing hanger and | owering the inner tubing hanger bel ow t he outer
t ubi ng hangef.; Thel)methed gifziclagma I s edierdiet steen(e) heonguises  pullbigngpivardger and
t he wel | head neggé%ﬁg%&ﬁhﬁlatching the I ower end of the tubing into a

re;

retainer in thE" ?Ff‘applying tension to the tubing by pulling

d on t i ng, t ool . col | apsi . dabl.e ring bet th
e ot ool oP Tkt fbiind BheifRl SRRIDE APiS REREABS kb REnRE! yoen, T
| at ching the | bing h into.th ter tuyhi.ng. h ith th
expanldggl e e(ﬂlrrr% g{anyﬁ‘iﬁl!gn P%gf?ﬁ’g‘%ﬁ t:‘fgmgﬁ‘a’%ggﬁ :Jad‘(nagué?%‘?thggp?{%gg%{tﬁ%gmhaﬁger
noves into apgadeiEdita leMith DrtinO W 8€ ifneRinitEnd\BAGEF, and attddhengn®hld@thgof claim

7, wherein step (f) conprises restraining the outer tubing hanger from
nmovi ng upwartelohip 8¢ ianer 8ibsig haggesei ng applied to the tubing. 9. The nethod
according to claim?7, the nethod further conprising noving a resilient

| ock ring frbmlawkiingthepubingiinte amgllbors caddtndiwsiheiier tWhiag danger e af j r st

position all t of the outer tubing hanger relative to the
wel | head nﬁ%%%%ﬂgﬁﬁ%%%b second position prevents novenent of the outer

tubi ng hanger, ..relative to the. wel | head nber.. 10. . The ne . rding to
ci'ai s, wndrelitefare Gt Pumeadt AoatRE Pl by 7 DAEES T o
seal causes ihfte tub@gi Hahgditbelotictke butegtubmgmavgr;f rom t he first position to the
second position. 16

(d) energizing a seal between the outer tubing hanger and the wellhead member;
(e) latching the lower end of the tubing into a retainer in the wellbore;
(f) applying tension to the tubing by pulling upward on the running tool;

(g) collapsing an expandable ring between the inner and outer tubing hangers in

response to energizing the seal,

(h) latching the inner tubing hanger into the outer tubing hanger with the expandable
ring to hold the tubing in tension as the inner tubing hanger moves into engagement

with the outer tubing hanger.

8. The method of claim 7, wherein step (f) comprises restraining the outer tubing

hanger from moving upward when tension is being applied to the tubing.

9. The method according to claim 7, the method further comprising moving a
resilient lock ring from a first position and a second position, wherein the first
position allows movement of the outer tubing hanger relative to the wellhead
member and the second position prevents movement of the outer tubing hanger

relative to the wellhead member.

10. The method according to claim 8, wherein the running tool applies pressure to the
seal and the seal causes the resilient lock ring to move from the first position to

the second position.
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11. The met hod according to claim 7, wherein the seal is not energized
until after tension is applied to the tubing. 12. The nethod of claim?7,
wherein step (f) conprises pulling upward a predeterm ned di stance. 13. An
apparatus for applying tension to tubing in a wellbore, the apparatus
conprising: a tubing hanger outer portion; a tubing hanger inner portion
that is adapted to be secured to the tubing; a | atch nechani sm between the
i nner and outer portions that allows the inner portion to be |owered
rel ative to ltthEhometod posardiog tafctaam %, hveheoait dre ol isi mn dnengiediuntibafe! | head
menber and the, i nner Ftio eitﬁ’t%il ifted back into engagenent with the outer
e

portion; a sea‘iensrlr%nulﬁta letdéo Ui ng hanger outer portion and novable from

an unener gi ositipn when the tubi.ng hanger outer portion |lands in the
wel | head ne gThe{)dn%ﬁOdoeorﬁef;%ln%ez PUSFER offch dP) SEEPIiNG E’B[l%eﬁp‘f’ﬂ ®el I head
menber and t heprbddidrighddang@aice. out er portion; and wherein novenent of the

seal to the energized position actuates the |latch nechanism to |atch the

t ubi ng hangen. ARNghaRekt foPNagpBihd1Qerdsithi 1Y thARPER P Wh&IboRO! thi Ofpph@nRr event
further downward novenent of the tubing hanger inner portion relative to

the tubi ng h&®g¥ISBét er portion, thereby nmaintaining tension in the
tubing. 14. The apparatus according to claim 13 wherein the |atch nechani sm
conpri ses aa tytanghamgerduiy phrignng a di sengaged position, wherein the ratchet
ring does not engage the tubi ng hanger inner portion, and an engaged

posi ti on wheitwiing hanger innar pbtiostthat isaglapiad geessetured toube npitganger i nner
portion. 15. The apparatus according to claim 14, further conprising a key
havi ng a fi rdatch medianisornbdheeenhbt dinegartdhaitergioctivat that aljownthe hened ipseiogaged

position an econd osjtion for allowng the rat.chet ring t ve to
Phe. engaged ‘pBSRUCER.FREr 6 He pHer PRByn ABvaLe pRERTHE Fosin Baelestn to t he
second posi ficRiber PR RhM Ok tRor! iE Bft8@Bdck into engagement with the outer portion;

a seal mounted to the tubing hanger outer portion and movable from an unenergized

position when the tubing hanger outer portion lands in the wellhead member to an

energized position for sealing between the wellhead member and the tubing hanger

outer portion; and

wherein movement of the seal to the energized position actuates the latch mechanism
to latch the tubing hanger inner portion to the tubing hanger outer portion to prevent
further downward movement of the tubing hanger inner portion relative to the tubing

hanger outer portion, thereby maintaining tension in the tubing.

14. The apparatus according to claim 13 wherein the latch mechanism comprises a
ratchet ring having a disengaged position, wherein the ratchet ring does not
engage the tubing hanger inner portion, and an engaged position wherein the

ratchet ring engages the tubing hanger inner portion.

15. The apparatus according to claim 14, further comprising a key having a first
position for holding the ratchet ring in the disengaged position and a second
position for allowing the ratchet ring to move to the engaged position, wherein the
key moves from the first position to the second position responsive to the seal

being set.
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being set. 17 16. The apparatus according to claim 13, wherein the tubing
hanger inner portion conprises a neck extendi ng above the tubing hanger
outer portion when the inner cylinder and the outer cylinder are |atched
together. 17. The apparatus according to claim 13 further conprising a
running tool, the running tool being adapted to hold the tubing hanger
outer portion in position while |lowering the tubing hanger inner portion.
18. The apparatus according to claim 17, further conprising a resilient

| ock ring HavTingagpafatussiccpasigt fooclaiand3,awb@ciortte pdsig harger whrer @prtiothe
runni ng tool causes the lock.ring taq e fromthe first positi.on to the
second positioﬁ?mﬁﬁﬁs%ﬂ?k@?ﬁn@H%ag§53%%gMB@§P?$%ﬁuﬁFngﬂ?gﬁﬁﬁﬂg?apﬁnvenent
of the tubing QanE&raneHeutdd @ylindePare 1fchedheettRpar at us according to claim
18, further conprising a seal, wherein the running tool exerts pressure on

the seal witjhoyile gRRFALZ bOGrdiRe 16 Mim BNdurther RhdprisihBea s@dindegsthehe | ock
ring fromthe first to the second position and holds the lock ring in the

second posi ti onnping |teol|tefng; agpteddo tholsd g tHbing dengenster POFanoW. P3BIONThe
appar at us aCCO&QMQQW%HW$%QHﬁ%ﬁgFmﬁQQB&%gOﬁQﬁ'tUblng hanger inner portion is
ned distafice.

lifted back a predeter
18. The apparatus according to claim 17, further comprising a resilient lock ring

having a first position and a second position, wherein the running tool causes the
lock ring to move from the first position to the second position, and wherein the

second position prevents upward movement of the tubing hanger outer portion.

19. The apparatus according to claim 18, further comprising a seal, wherein the
running tool exerts pressure on the seal without energizing the seal, and wherein
the seal moves the lock ring from the first to the second position and holds the

lock ring in the second position while lifting the tubing hanger inner portion.

20. The apparatus according to claim 13, wherein the tubing hanger inner portion is

lifted back a predetermined distance.
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