SINGLE TRIP, TENSION SET, METAL-TO-METAL SEALING, INTERNAL LOCKDOWN
TUBING HANGER BACKGROUND OF THE INVENTION 1. Field of the Invention [0001] The
present invention relates in general to a method and apparatus to set and apply tension to
casing or completion tubing in a wellbore, and in particular to a tubing hanger having an inner
- member and arbB¥tgrImERIBe IANJIQ NI hihgMdOl M atl S A dutdr A dMbe INIrERA fdnsion
on the tubing by pulling the inner hangeK BV A diNGiIFAINe Fdhsion by locking the inner
hanger into the outer hanger. 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 wilhifk 1R5% K MARdnsate for the thermal
expansion, the tubing may be placed under tension. Wlth sufficient tension, the thermal
expansion merely relaxes some of the tension. The travel distance associated with thermal
expansion s |[Eigldiefithadmientiane the tubing was stretched during the tensioning. Thus,
even when i {yRing FrReRdmILRilh ICERESeH RMASTALIES IR IR0 ApemAR! RHckend

within the WeIIbore
apply tension to casing or completion tubing in a wellbore, and in particular to a tubing

hanger having an inner member and an outer member, and a running tool that sets the
outer member, draws tension on the tubing by pulling the inner hanger, and then

maintains the tension by locking the inner hanger into the outer hanger.

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withdrawn from a storage well.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 expansion 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.



[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 maléag¢mayel PrecieseisnieliEnn staiapsadeRinldRis thy dres s gHEgsahiigh the

which resultgdngprreassd nanuachingeasR AN AddiigRe CRAFIRM B AaHASIRINE Jagets

shoulder mechanism. Modern well practice is to run various downhole safety valves and
gauges throdiaferensemebdenth avathishisgasesisiss i catalsHaeiadrsidighdisiongthe tubing
arrangemenjgauses interference problems with the associated control lines descending
below the tubing hanger. Whilst the retractable load shoulder arrangement is relatively simple
from a mechapigalsiondaeintid leanshihe use sl SRS RNg R Hialp ko Poayisendih ain
well bore seals. It is widely known that elastomeric materi,a‘s degrade oyer time a f given that
qm&%vtﬁvﬁf JPrhgals

gas storage’FRsIRMRL 5 ARy hnain el s Tiamme s Al alsd oY yEarS)©

seal degradgtianveiddBekRsARIEImE iBliaiemyaarmaRiMMVARNMdR Fov et Eilhly/ ENT KD 0faé | eAs
tubing hanger assemhbly.is used to set and tepsion a string of tybing between a wellhea .
housing and'8@&aIE mﬁ&%‘ﬂiﬁi% iR %Iveev’%. AP o1 E%z‘?ﬁ% ISRt
tubing hangekpashiadingdautas prebhaadhiusingadn outer portion of the tubing hanger
lands in the wellhead housing and remains stationary. An inner portion of the tubing hanger,
with a first end of the tubing attached, passes through the outer tubing hanger and is lowered
until a second end of the tubing latches into the wellbore downhole retaining device. The
running tool is pulled back, which lifts the inner tubing hanger and applies tension on the
string of tubing. The inner tubing hanger latches into the outer tubing hanger as the inner
tubing hanger is pulled up through the outer tubing hanger. The following is a more detailed
description of the operation of an exemplary embodiment.



[0005] A tubing hanger assembly is attached to a tubing hanger running tool and lowered into
a wellhead housing. A string of casing, or tubing, is suspended from tubing hanger 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 nirming SYMMAR Y K dA§E 128eEMNBROMtil a shoulder of the
outer tubing hanger lands on a wellhead housing shoulder. A ratchet ring, located within the

outer tUbi”ﬂ)%ﬁ?%t&%R@'@dﬁg@ﬂ&%@é}%@eﬁ, pesitiienRa M BRisKRI3INGY ShesHyeiVeen a

which allows further downward movement of the inner tubing hanger relative to the outer
tubing handéiihead devsngartidorcschibaie donabirlsiubBnFRariRiBhgaviTge \causEagHeol is

shear pins {Q:aNeak W HEaaHH. MG BOCAH RIMENISRAS THEORR RS AUB YN ARARGILE- pbion

operator continues to lower the tubing hanger running tool and inner tubing hanger, with the

first end of théhgibikingtihangse Aaeroth 1 Mt Hinsh fousioe and JeRSHRS STRIISRIRE tubihdner
latches intgghagoneliomee (oMb s I aINAG dRvics SUE RS IAIChe dateh passhanismgyvilich

may be located within a gas storage well. The length of the tubing is calculated, in advance,

so that the PHsperbiRb st iemsios o WpskbaMiheh FronherdupingharRjee Hiehgeinto the

attached tubiioi RISEShBRCKAQi Higooutecdubing: haRaRls Thelsithpulln g koQlis-adNAscad
a predetermined distance from the point where the outer tubing hanger lands in the wellhead

housing to ¥ HBIRME hengen askepplire fRNsPhendheine AL L RIRS thERG MBSt SubdienprIger
retaining dexigrs (R0 thébstihgsaeonmh gad-efteeitubingimiatehggntophige et ting davias.

the operator stops the running tool and then installs a seal. To install the seal, the operator

partially erfHiz80RaMREHC Hif fllangamis nasdsirited Arstptnmiog MaRsatinniagan

tool, which&saugaeraR8BSaMLAE ring to push the seal into position between the outer tubing
hanger and the wellhead housing body. The seal causes a lock ring to engage a lock ring

groove on Ilhead hqusing body, thus preventing upward movement.of the outer tubin
panger. THOGS] A e e Ao BB 1A cH uoe CaCHc VARAR (TR S SOTEER
inward. [00a8] 9 ke:lhoadngoiodhgs Pulbedngyfatdinghiehtiimt)esinogrciukid drbangdindhihger
inner tubing hanger is lifted, it mpves upward, relative to the outer hanger, lying tension to
the sectior SV o (k. i ARG e T O RS AOATE) SRRV A Toner
housing. Thaviigidirigeng Tatcbatsramdhimsenbaldliagdssoithminaby tudih golathge byl bre or
length of the tubing, and the distance of the pull of the running tool, are predetermined so that
the desireﬁﬁ?&ﬂ%ﬁ?%ﬁ‘lsion 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 hangi®086H Frertuthiegshan ghe watiingaddidawieny. thihbapgeratsembly tnéth ashrerlderthéthe

nanger by s D e e e A
threads to dowutetrigvbing 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




BRIEF DESCRIPTION OF THE DRAWINGS [0009] So that the manner in which the features,
advantages and objects of the invention, as well as others which will become apparent, are
attained and can be understood in more detail, more particular description of the invention

briefly summarized above may be had by reference to the embodiment thereof which is
illustrated iftuhinggdpesded hawithgsruphiol tealvihgsltensed parcdeipimbisdcistnsn. fromghe

be noted, h%WﬁY‘%&hép@MQ%xﬂ@"éﬂ@ﬂgﬂﬁﬁgﬁ‘f‘#ﬂ&%@tHE%lﬁﬁrgaﬁ_rHQﬁ’QHE%‘ttﬂé HREINWEREOthe

and is therefore not to be considered limiting of its scope as the invention may admit to other
equally effestrandesoeliitheritbinpiroherigindhe wellberetdnranhodev SrHnedavistary

embodiment of a running tool and internal lockdown tubing hanger system. [0011] Figure 2 is

a sectional yio79f afeexemptandembetimenbaidhe simentoshotdtighiin; HelQ0d,2hE igpuraidr
is a detail view of the seal and lockdown ring of the tubinig tensaigniﬁg system of Figure 1.
Ry F e tEbmgt

[0013] FiguféoRidhe dunBiaionkaAngrthee Ritetlon QolRsidF thE ¥l et
of Figure 1.dRQbMckiguipdpaisio sastigna yawal o dudtdowiandss aftivg tiipe tarsibpngol,
system of I:iw uircefl %:'auses an energizing ring to push the seal into position between the outer tubing
hanger and the wellhead housing body. The seal causes a lock ring to engage a lock ring
groove on the wellhead housing body, thus preventing upward movement of the outer
tubing hanger. The seal also pushes against a release pin, which causes the ratchet ring to

collapse inward.

[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.




[00151 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. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT [0018] The present invention will now be described more fully
hereinafter with reference to the accompanying drawings which illustrate embodiments of the

invention. This invention mayghgyweveiESEPieaRA0T Ty i RiNegns and should not
be construed as limited to the MMusiraied embodiments set forth herein. Rather, these

embodimerjnesg poavisiatesmihaéthisvlisalatreailtdaedharadgbsand objagiets tadthvahddly
convey the scopg of tg%inventi n t rg]ose skilled in the art. Like numbers refer to like .

olements TGS RER P AN RSEABH SRRICER, THE A AR A0 BRI RODL ARV
embodimenigal)QiSicRatciving Wesdgption omelgaenhiouting hOSuissappedtesbabangyebe had

wellhead or is located inside a wellhore. The wellh ay. pe a surface wellhead or a subsea
wellhead Ii>y reterence to the embo gnent ’Hlereo}'| wehe}ghn?s ){lﬁlstrate% n ‘ﬁqe appencgeg ra\ﬁngs,

which drawings form a part of this specification. It is to be noted, however, that the
drawings illustrate only a preferred embodiment of the invention and is therefore not to
be considered limiting of its scope as the invention may admit to other equally effective

embodiments.

[0010] 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.




[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 toopgeie(ihGely HIS OGO GRAHIPREFERREO EMBODOUIAP.
[0021] The de-energizing hydraulic port 118, also located on the first end (the drill-string
thread 104 gudBpiTHe Breskal insceoionesicthiovaiedesdribed hyteaulily pisteinsla8itatclusee

the running too] outer body 110 to retract. When hydraulic pressure is applied through the_ ., .
de-energizity HarIGARBER T8 Yﬂé‘gfe;%fg’g%ﬂrﬁ%legﬁ |8Sﬁl§?8}§s ‘ftgéﬁhlé%ﬁrs%)ﬁls calde
the runningitgeheiviermbodyhblierebacimyimliydlionanths |ehfftnent I3iE Lo, tiwaldisndtilbe
string threads 104. In an_exemplary embodiment, running tool outer body 110 is aple to travel
an axial disEEREBEYSA1 3 HEWES a e&%ﬂ b%ﬁ%of%%?qlﬁes%r %rtg’xér &0 by E%&er’ theSe
energizing pistuin&ddadeiesmidedddyhthehasmidsuid afrbydibbbichpresahrendpplinplétettaad will
pistons. In some embodiments, th draulic, pressure may, be.9,000 psi.or more..STRT
Funning too] UPRAE) PEGHAS o RALSTRaD ol Kre chTH e S AL e
preferred eifiibodienediitst iercarivact emd 20d paiithy erdapofj & JQO2 2 dibatdsr siraildrafl STEATs in
may have cqnnectors 121 for connecting hydraulic lines to pass-through passages 122. The

second end’ ?]Blgggﬁgeé% ? %f/’have fittings or connectors 123. Connectors 123 may attach
to similar fittings on, for example, the comm collar 126. 100231 The second end of the STRT

body 102 h§¥0d8hRefeorind 24 Figwerhevehesirionsiog 16Gifosiepeded heastasuelthgadcomim
collar 126 or ing:han

v oL RIS BEIETHY S GRE e s
operator lands STRT 101 on comm collar 126 and then rotates 8-9 turns in the right-hand

direction to 1938 Sirgterripronning teghn® EBilky 196 cemrisshimeeratly sgliadica hodxd 02

STRT bodyh%%g;%?é&l%qm GPL SRQWENITBY RewMissg IPRaMENt MM CRlRIIRRHIAM drill
rotating on the STRT 101. In an exem{olary embodiment, STRT 101 is an extended version of

a commercRTIR&BARBRO NNy R 61, M &tanis PRy o Bedsantiser peas 4 96- 1L 4D don priupting gn

to Figure 2,.3dapieisSiemithd 11 &&é}n&dg sleevmaieshedahadikst RAHPIRY yBRIBGJOR]
outer housing 110 on the lower end of STRT 101 (Figure 1). The second end of adapter
sleeve 114 34apieicHeens déh faI@BSHEMRIGR T bfégz.nwfe SIRer dhasiee é&%@&&é&}@c

114is Iargeﬁ&}i@'i! therqgtacdianeairRfomm collaedsfi e WiEANeasapiasiesyanbitdao
pass over the outside of comm collar 126, ] .
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




[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 havitey #4ehMhpsioraterrand Ribcreaireplereotien bedied Ut inskiegresions Hdtor
shown) to pieyaRhdelAEIMERHULHBG,0PARNAN. Arigdsddiamhiearniaie 43P 19gaied

at the lower end of seal releasing latch ring 132 is used to connect to seal assembly 140. The
slotted left-HugeAtAreBK profile 138 allows the tubing hanger running tool to disconnect from
the seal by straight upward movement. [0026] Referring to Figure 3, seal assembly 140 is
releasably ¢gopgp The Sast eﬁ@asismtatehm‘léao&ﬁie&&iﬁz Sead @cﬁﬁmﬂnhg h4artanidslinete
pocket between WeIIh ad housin 3 100 e erlor wa Ie%?@ bing hanger. nner br%dy 174, Seal

assembly 1RO HRMED JBSRBFSly OFmel ke cOTBIMERI, HrBESHSh oo ik e L inEs or

generally Usshaggstseas mesnnettbAS1 Bealananabk td $enilas figrienyal otdegléithasenan
parallel inner \%/1 l rleg 150, the legs 148, 150 being connected together at the bottom by a

base and of)‘& e top. The inner diameter of outer leg 148 is radially spaced outward from
the outer diameter of inner leg 150. This results in an annular clearance between legs 148,
150. The ink#823]ahhetsscand tind ofithe AR Etbody e 8t lv@yligndoicsal 24 ffacesnpectithgl YR T

each other hn%llar the |nnerd|a eter,of inner Ie%il% qag the ou rd| m erofougfr I%

111 such as ¢ (.08 ¢f_assem
148 are smooth, cylin rlcaP p%ra elsurfaces. 1002 nergizing rlng oye

force legs ﬁkﬁmbﬁ@rdmm@dmtamhmadadmmhectmdnmagngra@agemedﬂmﬁbeahc@d end
surfaces 15 5 ng. spfaces 15 8 e any.kin Ltﬁgrls ace includin

for exampleéwﬁlclgersqsne%’lzﬁgrﬁg 'ﬁ%nggogr]]ngéuqs 0 gfﬁj[etglr ftt?(f%n% I;éoe%ﬁgagogl&e
inner diamét¥r aﬁdhehseabtaneerﬂég s Endlg|21glgﬁhagdléﬁd¢aslamnnek@mn&ﬁﬂhéﬂwmnd

frictionally gngl%?gg e qyter d F;‘] [Qf e 2 IFsgzﬁ{ag}%& s TRE d(ﬁ {0 I%of(ﬁ{s ?(eys (not

energizing ring IS greatert an the ini |a imension of the ancé o
clearance bbtwelémwaﬂctewdm@pﬂﬁ@nﬁh@mnm@ﬂzmM@ommmsnhbes&dﬂ@gﬁ)épdn an

causing the gegl 603406 O&F}Be%fsg‘ﬁ%’ﬂ‘@? jgﬂlegsggjk@eyg{g SRl &&ﬁ&m DG Athble

housing 100 an ing hanger 1nner erring to Figure com unication
collar (' conmnmoganl)llyetwaﬁir@nmﬂanlsldmrd%bﬁw be connected to STRT body 102
(Figure 1). The upper end of comm collar 126 has a connector 162 such as a threaded

connector f[%?x%ﬁﬁ*é@%%‘i‘f Loy & &Oﬂaaéﬁéeﬁos%y&@smn@ Y GRRNRFIA Y2 4iRed BT PAAY
102 (Figure 1). The lower end of the comm collar 126 has connectors 164 such as threaded
connectorsend 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



[0029] Referring to Figure 2, comm collar 126 is attached to tubing hanger elongated neck
178 by right-hand threads. An anti-rotation device, such as anti-rotation bushings or torque
keys (not shown) may be used to prevent the comm collar 126 from rotating in relation to the
tubing hanger [0030] Referring back to Figure 4, comm collar 126 may_have tubes or

passages 168"#gUgrseAkassrmPant firde shoted fefilanst tieahmgiiisds 8 rtlows thedruking

lines at the iowgeaRd:ph 6}'9?&1%‘0%@&319&% #Q5scA1 Mﬁ%&%aﬁﬂ%@b&%ﬁtfmm the
surface may be attached to hydraulic port 118 on STRT 101. A second hydraulic hose (not

shown) may, tached to fitting 168_at the second end of the tube or passage. The second
nycraulic nddA AL HEELER AU MRIGh e HONBHIE0T LAfne RO MC O SiBba-grTeE
may he conkesieddfros® Engieo)n Selidraizmisiycihdds laghalilinks poglaveetinas [WOBA¢ad
Referring to, Figure string of typing 170 is Jowered thrqu ellhead housi sembl
100 (Figure | o] ea usi . inner wbing

Fiouret5y g 100 SMiTERSaa o Sl RS ST o oG GOrRRB: LR ade
hanger 174np eytindyicsl meailemsacomee Cihdsto dhapopentssinclgds iupengrdlTY) Erdhdyedosasls
a part of the string of tubi 70. Inne ing hanger 174 is glso.part of tubing hanger
assembly 1%%?1%(5 rgagy bgeg %}olﬁgl %?reg%én et R4 éé’%o‘r’ﬁg“* olfaa% t%rblnagﬂ%%lbegrl. nergevlyan or
tubing hangeg 134, ths kgel 68.ckiérheingroomes:ttdGogdileir arehfobhorehbyyparbdkel and open at
circumferential ridges,on.the outer diameter of inner,tubin er 174. Inper tubin nge
174 has an DA tel ReER A o et A ahesad B o R Wter
Elongated nbekdfZB ofidaynoe lattalciied Thisarndctan Mdaohetamoieeciiae 1R6WRO3RET Hé &ubity
string 170 ended,from the tension set tubing hanger comprises a. typical.tubing that.is .
vl knonn ST e A B RS TR H o L L g el it
latched to acscibstirtaceSfinilmdyhyha torvelitiontllafdhiny leedharmsdthincarnee demplenof outer
embodimenlt trﬁéovrvaegl%nd ofct nt(%)égg isrlg1 ((:3i1edr asgrég a ratcheting locking device
("ratch-latché)g. 6ad ring ﬂ%tg’aﬁ/dla ratc g?nng THR P 6ad ring 182 has a downward facing
landing shoulder 186 for landing on wellhead housing assembly load shoulder 188 (Fig. 2).

Ratchet rind0087livergietngiting mmﬁem@égé 1A foms deg Mﬁ,fd_é@n"géi@ihg gh@rﬁrfr@n each
tubing hanggy, threads.1ifks @%ﬁ;&ﬁsé?wm L RIOHEGPadOCKIpMT NG L 30 URIFLEQT RE P58

split ring, will engage groove 192 in wellhead housing assembly 100 to latch load ring 182 In
place. Lockwhqiw@@gi whienlisgrinelprer/ipfdudingdbuschanptyayekgrsoragingvins dad
housing assemiliohAR iRdSeielaretwitRicAGRAR ElADAR IRWEF SRS 8F $8ebddQuter leg
engages a chamfer on the upper surface of lockdownring 190 when the seal 146 is set in
place by thd €hegrigigingging3l Phbase) dangedianelockbehmiHngiaomed e gpaneeathg outer
engage the grove 192henuetiead opsinoasSemanioth &8 feMai-AN0R98a 35 109888

the seal 146 remains set |nCFIace.
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.



[0035] Referring to Figure 6, ratchet ring 184 is a modified version of the ratchet ring shown in
U.S. Pat. No. 4,607,865, David W. Hughes, 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. SHeYiRsRodngetod igurdtidllpdrond ooller H3Aderat@ohed iiontibinkihgigsngdeongatedt

the base ofr;gucq(gﬁm@e[ﬁ?l%%qr_s 7 Jfg,@aggjyg}yme{o?gb%he&ﬂ@%?s%gﬁ Q%Xfﬁ?o%?& Rhings or

preferred embo ar pins 202 are distributed circumterentially around tubin
hanger assttily Q6. Gabahgis 202\l ubrshroafieavRIddiinepBR Rotlas dA0daeisHoiakieg in
188 (Fig. l)raggogqgi{%%%igg}lg&m 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 malfRMeBalrrANen Pagkida Foely b verBb gt e R SeP UG 4REn LRS

174. [0036ihRsiekrtne IRgURRsHiaRd SckamRIdakatanel rings L34Hmine axkandeses at
disengaged position. Key 204 is located in the split of ratchet ril"lé] 184, which is resilient. The

split of ratcHit L eadnefuthsstiRes sPpBatsassdgkd208. Bxdiulisghospd iisSapyr drom the

rectangularsi@fResesy 88 - t8dhd@4asdmeIE§o 2 10 seae S EREENANG latesadiydparatilic hose
opposite side of the body of key 204. Lu%s 210 will engage edé;es 206 when key 204 is in the

upper positiBAt SHEWR) 13K bofecheaHe: itige 808 atdRcesssendcadebifsdubgmiPrispenafe

moved dovwgawstdl hirgsdkOneéan s CessRE @ B ol sistBdavésibaec e silisney ehipdanabhifg ctBér
to contract ratchet ring 184 to the enga edtﬁﬂosition. 100371 The mechanism for, releasing

key 204 indiRESsPA BTV RfcAOBRRsted (TsaneR tSCRMBCEREE )P 8 PIHCBr AScRgNa 1P Sy
204. Rod 23gwxtaRels through a slot 216 formed 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 incorp hole.thrqugh. which pin or.scre 4 extends. Key 204 s located on an
et recostU BT ST ot B v RSB0 I held h S FEe i O ST
load ring 182uingl 2iénblyusited gomedyandibyta swéliberen d aanddrctaaivielh¢ridhd@)sing
when the appular seal 146 is set in place by the energizing ring 133 (Fig. 3),,[0038] Referrin
pack t0 Figl L 2 TG A LD B ot MR FEGTIBT o et et e s e o
well, such aisbingalk/Standgecweatiedthpsra afytindsicalghofenitiifig dfif. mmdratrdiogchenganid4 is

valve assemblies 222. Wellhead housing,10 s an upward faci slaoulder 188 for landin
tubing handlP ALb S b RS EE T SR e e At B sy h
diameter obthetulaiydaan gaubingr 10bifer kaecgsyihfdahtskingthefngeedadkgrowy 49 07@ rvsbirbring
outer tubing hanger 160 in place. Referring to Figure 3, wellhead housing.100 alsg has,a
ceaiing surEAEoTER! TEAIAh e CoA L ey sy GUGE e It S e
surface. Sdalihglsudiattbihgthangyol Fhdasen ke aiedumblréAfahdriob\rerstrodesickess, fobing
forming a seal. [0039) Referring tQ Figur in tion,.inner tubing hanger 174 is located in
the bore oi}%ﬁnﬁ%a%rg%? (Yu*grg b%@gf@g%grﬁ “hlgeri(? %ﬁr%?gc%ebag{%#lg cg?o mcé)rne%g tgglﬁé?n(s)fcéﬁr.‘m
Casing or teddiag I&fnduit 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 at . ing4l ' IGh | IS aft e
114, AdapiR s e PR A Sihhdelf ARl e L A AR I Bl
STRT bodyybiszistabiaghdattdstivecBokmowinidatiba etlarlheesespichdndurh tbeattddhedtits end

extended %&Z@tﬂg iﬂi%?ﬁé%@geﬂaﬁ%{cﬂé‘ 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



[0040] The assembly, comprising STRT 101, comm collar 126, inner tubing hanger 178,
tubing hanger outer body 160, adapter sleeve 114, seal releasing latch ring 132, energizing
ring 133, and seal 146, and further comprising tubing 170 attached to inner tubing hanger
178, is lowered into wellhead housing 100 on a conduit (not shown). The tubing hanger outer

body 160 lahes! ginghé&Zpanst ¢ fessihg ot sHsuidbpadb8ingid 82) lsbvrelinea tisuSiatng dending
weight of thediaing 428 piling.@adhe npaituinguengen s dRuthriaks fgg@ é_bfg. 2).

drill-string conduit (not shown) cause the shear pins 202 to shear. The now-landed tubing
hanger outeR¥sbst 166 d84de satigdevibinrandrasheseesidntlopdoang S3Rfpriomagirathe snaer
126, and inngg;tuj gé@@ﬁ%&g%pntinue to move downward relative to wellhead housing
100 and now-stationary tubing hanger outer body 160. The portion of inner tubing hanger 174

having external grooves 176 passes through the tubing hanger outer body tGO,and ves
further downiart. REEFTBEIRSIEY e muganTeNE ik Qbm%lﬁléﬁﬁ%rbiﬂsa EEBasMp T8RS

meters afterpidevieinIinaNgRicad Rnkndyas60bas 100dedthah hadvalhesd imoplatty 100kdown
Extended neck 178 of inner tubing hanger 174 and the lower portion of comm cojlar 126 ma
or may not paés kﬂ%d’gﬂ‘i’&ﬂﬁﬂ%&ﬁ@& BREF-LA 165, HEREH GG Bh LE%J f@n‘éﬁ%ﬁ@éioumgg
requirementg by tubing appitationstiRN42] thaeriubinthbasger dindaicelotstat 186 engages a
predetermined travel distance below tubi anger outer pbody 160. The travel distance, is
Calouated SCHIRBCAAR TRECE BIFAE S DR Bl HHE MU tha Pl b SEih el Pl bY
tubing will heieestlaeptiesi ea@misurtied seqistansckhketiasial sligiatige I9Gokspuiidualy ealsedated
for each application. In general, the travel distance is calculated to be greater than the thermal
expansion GRIAHE] U A NG A Tha tef RS EX A RAR R oAt Ehgeeat
filling and disthasgains scgasplaeugh 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 4.may be. lowered where from a f ti uptq. 1.
petow tubing P bR st i e et i TP, SIS B B, R
the bottom ehavof th&tBbReg. N@ d16§dckesd alariting dibigbes(nssuskohug) ROWENSD R aThtgimh
as a ratchetjpg latch,.thus fixi bpitom end of j in pl . f
fibing 170 A0 RS P B o R e Al A e S I WO
While the inRaichebingghbdvdrd 24tisiséilgdosherddigran dpovhioh enghege sutéana dpplisboulders

hydraulic pregsure i1z } [ | i t y
the operatorf%)? ﬁ%lg%%l%g?gﬂﬁng %%%g[ggg& ?gstrg%v%)n}_(r)ﬁr? %ﬂléplfé%alij S Hgéjri%}ﬁ %%%fiﬁgvl\?e I["?jgla
housing 10@uhitigdangettilif thictibe hhse10f shepiegirihthtbad o tkélovimyingnlsg. odshher IR 202
body 102 is drawn up thyough the , hydraylic pre e nekqizi ot 116 is:
pro portiona?g y \iArllbcere%Ss%{d toglr% a?ntﬁﬁyé}l%gr t%éé%lg Hg%%e?‘ég%y%% ir? ﬁgci%%zr? (#el o]g%ﬁbuted
shoulder 188ranithtsuesdatinatheskbaiting bangee rgistmpliinel okddwar rings 138 Dullishadreatier

upward vertica| trayel ' %i h I g@? p Ig (pé'a&htm y%g}ﬁ quter .Uﬁ 0
hanger 1605,03?1%@%18%%{{1%%8%% é]tgirll%%ngglll ens c')rxJJ is?ncreasegglln tub ng 1%0 8%@ tg1|7$
upward mo(Eigeht.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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[0044] At the end of the pre-determined upward vertical travel, the inner tubing 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, energieinysitesikB3ofad bedy bddeloRitrelatisre2ttnal BarRTeh edges0206Thikefoksy e8dsies

seal 116 todpae B s seshracieraenern e alliear dioveing 10400 angkUhig fonasr

174. [0045] As se s in the seal pocket, It cause wn ring 190 (Figure 3) to
expand outhgxrd§4nio ey ¢dcitelonwiagdodugs 299 (migtinepesistReSndiieaovsudingepderrhieo!

seal 146 alsa 8906 K9P dontFIGUIR A GASIIG LImEQKs: IRlgfive to outer tubing

hanger 160. In some embodiments, seal 146 may actuate Iockdown ring 190 and rod 212

before inner tubina_hanger 174 is drawn back. [0046% When rod 212 moves down, it pushes
key 204 dot37didisenschaeitet figraisasing kays291dnakulesdged 206 &W&&ﬁé}eﬂ% ypyard

ratchet ringah84 collapsg binwaid ta ieriwandtdiasedqaosiven andl snerdetibagdxtessl 216
threads 176 of the inner tubing hanger 174 with the internal teeth 194 of the ratchet rin 15?4.
%&I d4d

The externdP1B%d éhdbdlers 16 Ji&hatd sy hsamRraReFesREA Kith theaiin
shoulders 138vehthecartitrctibingtiangand Sacliusmye Rt S 216 SiesesHdaRtdBEQRBHgh

inner tubing hanger 174 is transferred to outer tubing hanger 160, via ratchet ring 184. The

weight and YeRioRifs O L8 ek Pt te Feib Y HaloRterb B G RHERFERREESS ROTIGAPL MR
via load shewleegi8h(feigod 2 10NE R¥@LT AVl dlistRnes Okioars BiBINErhenDand 141s Ryava1n

advance, and thus the ratchet ring 184 may be sized and located tg engage inner tubing
1’53 rl%; seal

hanger 174%SPWRedAomseathby? sHiRcsARHBE ArgUatsshalsIAR S5i&t fanghsaHAE FrRy

much smalierdagethe pravebdigiaeserginiagmacmbqeine)ts, the operator does not pull up on
inner tubing hanger 174 after ratchet ring 184 has collapsed and thus the ratchet ring 184

does not a I tchet, but rather, holds, the inper tubin haﬂgfr 174 jn position. In.other
embodimeﬁ@?ﬁe@&%ﬁ?&%ﬂ%@%ﬁ%ﬁ% ’ir‘?’r%[e]rg L?gtilrl!fﬁlh%%er '?94aa§‘lf‘i:?}l ratche nﬁ%rgli‘éafﬁ%iaég
collapsed, thasigpersing af ratetibtngleagagessotaddO@4ll 1 Mty theylinmdgich hbok ¢l Xoandf rivey
tubing now,supported by wellhead housing 10Q,,.STRT..101.may be dj aged, leaving.the
tbing handHSSUE 10100 VSN s i L p R R B TR i e
While the igheulden 188sfbetmdingvinbarglesgriedsimbiyy 1SOm €afdte fiineittshowd beFigure

apparent t #]ho e skilled in the art that it | noiil limi ut is susceptible to various .
Chnges wihd BREH b Ao 56 CRERUeA A ke POusE FED 26t R 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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What is claimed is: I. A method for applying tension to a wellbore tubing, the method
comprising: (a) releasably engaging an inner tubing hanger to an outer tubing hanger and
attaching an upper end of a length of tubing to the inner tubing hanger; (b) releasably
connecting a running tool to the inner tubing hanger and lowering the tubing into a wellbore

and landing [#04Quidetassiery HanepmniisingeNhBdd! ferepam @9l is dAdaging thbinenkanewsidgs.

hanger from,ifig, Uﬁ%ﬁé@f’iBgtlé‘ﬁ%%arl‘gd,o"é@émr%%meﬁ‘Hﬁ)i%ﬁ%@@ish@%t@h? AHEen 32,

tubing hanger; (d) latching the lower end of the tubing into a retainer in the wellbore;
energizing ring 133, and seal 146, and further comprising tubing 170 attached to inner
tubing hanger 178, is lowered into wellhead housing 100 on a conduit (not shown). The
tubing hanger outer body 160 lands on the upward facing load shoulder 188 (Fig. 1) of
wellhead housing 100. The weight of the tubing 170 pulling on the inner tubing hanger
174, and/or the force from the drill-string conduit (not shown) cause the shear pins 202 to
shear. The now-landed tubing hanger outer body 160 ceases further downward

movement.

[0041] STRT 101, comm collar 126, and inner tubing hanger 174 continue to move
downward relative to wellhead housing 100 and now-stationary tubing hanger outer body
160. The portion of inner tubing hanger 174 having external grooves 176 passes through
the tubing hanger outer body 160 and moves further downward. In an exemplary
embodiment, inner tubing hanger 174 descends up to 1.2 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. The 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
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(e) applying tension to the tubing by pulling upward; (0 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. (g) using the running tool to energize a seal
between the outer tubing hanger and the wellhead member. 2. The method of claim I, wherein
step (e) corPlsrigesToethatinny end aitévhinginky Aok hirolrtehinardeuiss ardvhedeesismhbinisan
being applied {0 thc,HPinga3e ag.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 ard movement. 4. The method ohﬁg{:lai 1,
further com&%ﬁg‘ﬁa‘ Dhtfeditg fﬂglﬂ%ﬁﬁ‘?ﬁé%g%},&n‘%ﬁ%ﬁfﬂgﬁﬁ@ﬂﬁ& ORAGEP R e gﬁf?s
energized apglicyieiinlistpreée) i it e coriplises lepllapsingoxn i anisahiehnt dpivieae is
the inner and outer tybing hangers in response to engrgizing the seal, which latches the inne
tubing handgglfr?‘i% %8R 8Wént§eﬁ0?§ outer tugngg lﬁ‘zgiger %ogy Vilrélb down on H)e r11021
shoulder 188 in wellhead housing 100 without setting the seal 140 or energizing the
lockdown ring 190. As the STRT body 102 is drawn up through the wellbore, hydraulic
pressure on energizing port 116 is proportionately increased to maintain outer tubing
hanger body 160 in position on load shoulder 188 without setting the seal 140 or
energizing the lockdown ring 190. During the upward vertical travel, the inner tubing

hanger 174 is pulled back through the outer tubing hanger 160, and thus through ratchet

ring 184. Tension is increased in tubing 170 during this upward movement.

[0044] At the end of the pre-determined upward vertical travel, the inner tubing 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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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. 6.
The method of claim 1, wherein step (e) comprises pulling upward a predetermined distance.

7. A method ¥8gdimasy 16Asidhus Heledlisaraha sy cave hismdencohipRiteping hanessdBfis
engaging an ipRESHPIRI NANIRLIAARQBLE IR Nanser ARFRINg A UpagheRsiokALRRAG

of tubing to the inner tubing hanger, and attaching a running tool to the inner tubing hanger;
(b) loweringtRRStEBRAGTHRE a%%r%%%diﬁ‘g thdhsunet hssthg Haiger 49 aifdmibaboulder
member; (e) ggsgngaging the iRnartHinaitanse b iremaNRHEERHDRT PENIRE AR IPWErNGe,
the inner tubin han&er below the outer tubing hanger; ) )
and thus the ratchet ring 184 may besized and located to engage inner tubing hanger 174
at the desired location. Thus ratchet ring 184 has an axial length that may be much
smaller than the travel distance. In some embodiments, the operator does not pull up on
inner tubing hanger 174 after ratchet ring 184 has collapsed and thus the ratchet ring 184
does not actually ratchet, but rather holds the inner tubing hanger 174 in position. In
other embodiments, the operator may pull up on inner tubing hanger 174 after ratchet

ring 184 has collapsed, thus causing a ratcheting engagement.

[0047] With the weight and tension of the tubing now supported by wellhead housing
100, STRT 101 may be disengaged, leaving the tubing hanger assembly 130, comm

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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(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; 00 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 outdYhabilssladmgdrisiith the expandable ring to hold the tubing in tension as the inner
tubing hanger moves into engagement with the outer tubing hanger and (i) disconnecting the

running tool from tAd AR ARG AP o RFAPR EHBbiRS) the FRIAJRABIPETREIm 7,

wherein step (1) comprises restraining the outer tubing hanger from moving upward when
tension is bgir(lg) a ﬂigﬁqus iyt'jzgﬁ?dg?ng an L1Jnner tug]lgg %agger to an outerg tug}l}/lg anger and

attaching an upper end of a length of tubing to the inner tubing hanger;

(b) releasably connecting a running tool to the inner tubing hanger and lowering
the tubing into a wellbore and landing the outer tubing hanger in a wellhead

member;

(c) disengaging the inner tubing hanger from the outer tubing hanger and lowering

the inner tubing hanger below the outer tubing hanger;
(d) latching the lower end of the tubing into a retainer in the wellbore;
(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.

(g) using the running tool to energize a seal between the outer tubing hanger and

the wellhead member.

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 disconnecting the running tool from

the inner tubing hanger after the seal is energized and

wherein step (¢) 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.
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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 hanglmr relative to the wellhead member. 10. The method

according to claim ShevmsiBRAeE Flmming Wb ibe prisdsiving hesuasaHded tedpe inner

causes the res'“enﬁdﬁﬁ{‘gﬁ%é@rm?\é% fegen 6B@ iﬁé&r%’iﬂ“%%ﬁ%?eﬁ?ﬁ%‘&it @&ﬁi'@ﬂe %ﬁeé‘fﬁﬁn is
method according to claim 7, wherein the seal is not energized until after tension is applied to

the tubing. 12. TheShfatRAdPr taimerehirldhs stding) beraprisad Suing afwatheacuter tubing

predetermined distaaegsrIgaiNAPRARINRAANRBRBAYNY tension to tubing in a wellbore, the
apparatus comprising: a tubing hanger outer portion; a tubing hanger inner portion that is

adapted to be sgcurad teathoanisg telaiand towerdiRingep (e) comprises pulling upward a

predetermined distance.
7. A method for applying tension to a wellbore tubing, the method comprising:

(a) releasably engaging an inner tubing hanger to an outer tubing hanger, attaching an
upper end of a length of tubing to the inner tubing hanger, and attaching a running

tool to the inner tubing hanger;

(b) lowering the tubing into a wellbore and landing the outer tubing hanger in a

wellhead member;

(c) disengaging the inner tubing hanger from the outer tubing hanger and lowering the

inner tubing hanger below the outer tubing hanger;

(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 and

(1) disconnecting the running tool from the inner tubing hanger after energizing the

seal.

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.
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a latch mechanism between the inner and outer portions that allows the inner portion to be
lowered relative to the outer portion after the outer portion lands in a wellhead member and
the inner portion is lifted back into engagement with the outer portion; a seal mounted to the
tubing hanger outer portion and movable by the running tool from an unenergized position
when the tubin§-hdigemsthed potiodikzmhds idlaine Welthe anethes by feenreenerigirgd positigna
o g et AR A U 34 5 O 0P LAl AR AL s
movement of the seal to the enerdized position actuates the latch mechanism to latch the
tubing hanger innarqsditipraty we mbiegdid nefehsuesiigyortiongdhpresenelittre fal dhenakdead

movement of the tyhing Hangerner fRY %i{%ﬁtbﬁ&&%?%b'@éﬂ&ﬁaw&{e%ﬁ%%ﬁiﬂ ‘hanger

thereby maintaining tension in the tubing.” 14. The apparatus according to claim 13 wherein
the latch mechanigtlatomisridesvebhradanamydiaving a disengaged position, wherein the
ratchet ring does not engage the tubing hanger inner portion, and an enﬁaged position

wherein the ratthetihBethgd gesoding rdaaryeriaen Histiorning taolepplify Rigesure to the

according to claimgl4y SHERRE SOMRHSIBY RKR&IIRWINGD &k iplNOSHIS e HonP thin gitRiepaieRet to
ring in the disengaged position and a second position for allowing the ratchet ring to move to

the engaged positiBs SEIBERPEHEORey moves from the first position to the second position
responsive to the seal being set. 16. The apparatus according to claim 13, wherein the tubing

hanger inner pdlidMEARTHIEh aceordingca ity ABler ¢k it Afg Sl SIHE 25 it
the inner portion apgdfen auigpRaTtiemareibaighed together.

12. The method of claim 7, wherein step (f) comprises pulling upward a

predetermined distance.

13. An apparatus for applying tension to tubing in a wellbore, the apparatus

comprising:
a tubing hanger outer portion;

a tubing hanger inner portion that is adapted to be secured to a running tool and to the

tubing;

a latch mechanism between the inner and outer portions that allows the inner portion
to be lowered relative to the outer portion after the outer portion lands in a wellhead

member and the inner portion is lifted back into engagement with the outer portion;

a seal mounted to the tubing hanger outer portion and movable by the running tool
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.
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17. The apparatus according to claim 13, wherein the running tool is 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 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 sklcdi poBRIBMSASUHEERI laiseddnulssaimidhepleibineehanisy FEVBHIEHE
of the tubing hanggrQyLer RYFTRL,iAD- a EARRFRIUSIREAJNEdRiGIaIE ISnhiersip W&s not

running tool exerts pressure on the seal without energizing the seal, and wherein the seal
moves the lock rinGTEGEF tHRe firahifg thangss JRBSH ANBAa it ST CRRBSEE KRRGIM thd sy the

position while lifting {hgfURR0-AANASIRNBE RS HMb 2 Onddh @ GRpAratus according to claim 13,
wherein the tubing hanger inner portion is adapted to be lifted back a predetermined distance.

15.

16.

17.

18.

19.

20.

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.

The apparatus according to claim 13, wherein the tubing hanger inner portion
comprises a neck extending above the tubing hanger outer portion when the inner

portion and the outer portion are latched together.

The apparatus according to claim 13, wherein the running tool is adapted to hold
the tubing hanger outer portion in position while lowering the tubing hanger inner

portion.

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.

The apparatus according to claim 18, 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.

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

adapted to be lifted back a predetermined distance.
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