RUNNING TOOL Field of the invention: This technique relates In general to tools for setting and testin,
well pipe hanger paekoff seals in subsea wells, and in particular to a running tool with an internal test
feature that prevents the setting of a packoff seal in an incorrect position. Background of the Invention:
A subsea well of the type concerned herein will have a wellhead supported on the subsea floor. One or
more strings of casing will be lowered into the wellhead from the surface, each supported on a casing
hanger. The easing hanger is a tubular member that is secured to the threaded upper end of the string
of casing. The casing hanger lands on a landing shoulder in the wellhead, or on a previously installed
easing hanger having larger diameter casin&&%@@%%ped down the string of casing to flow
back up the annulus around the string of casing. Afterward, a paekoff is positioned between the
wellhead bortgdddigheuppertportion of the casing hanger. This seals the easing hanger annul us.
Casing hanger running tools perform many functions such as running and landing easing strings,
cementing strgsiHRRIaceraRd AslNaHNg, ipsiaking.and ieslingiRaskefisist naskahaeal s often
delivered to a landing position by a drop or longitudinal downward movement of the stern of a running
tool. HoweveFaif e WhsrA WEHS ABH travarifelifitddni drnm et Hopr i I5IY (¥ i5aRke 1 8kal, the
seal may begetén@mineamach Positida el Gonsaauanas siaounproperly- set packoff seal may
result in a running tool becoming stuck in a hanger, or alternatively, may require several trips to
retrieve the seal, clean, the,area, and set another seal. Furthermore: if the running tool piston does not
stroke the pg%kco '6%(2& Fc?gh}tell)llﬁgﬁ'ce landed, the packoff seal will not properly set. A need exists ffir
a technique that ensures that a packoff seal is landed in a correct Eosition and that the packoff seal is

fully set by tHessbeieeveT 196 Brstone TrRetEmAVisEF tectiHifae B LarE SHY oA GetB 8488 problems.

floor. One or more strings of casing will be lowered into the wellhead from the surface,

each supported on a casing hanger. The casing hanger is a tubular member that is
secured to the threaded upper end of the string of casing. The casing hanger lands on a
landing shoulder in the wellhead, or on a previously installed casing hanger having larger
diameter casing. Cement is pumped down the string of casing to flow back up the
annulus around the string of casing. Afterward, a packoff is positioned between the
wellhead bore and an upper portion of the casing hanger. This seals the casing hanger

annulus.

Casing hanger running tools perform many functions such as running and landing casing
strings, cementing strings into place, and delivering, installing, and testing packoffs. A
packoff seal is often delivered to a landing position by a drop or longitudinal downward
movement of the stem of a running tool. However, if the stem does not travel a sufficient
distance to properly land the packoff seal, the seal may be set in an incorrect position.
The consequence of an improperly set packoff seal may result in a running tool becoming
stuck in a hanger, or alternatively, may require several trips to retrieve the seal, clean the
area, and set another seal. Furthermore, if the running tool piston does not stroke the

packoff seal sufficiently once landed, the packoff seal will not properly set.

A need exists for a technique that ensures that a packoff seal is landed in a correct
position and that the packoff seal is fully set by the stroke of the piston. The following

technique may solve one or more of these problems.



Summary of the invention: in an embodiment of the present technique, a running tocd for setting and
testing a packoff seal of a well pipe hanger has an elongated stem having an axial passage. A body
substantially surrounds and is connected to the stem. A cam is positioned between and connected to
the body and the stern such that rotation of the stem causes the cant to translate axially relative to the
body. A cam tail is connected to the cam such that it translates in unison with the earn. A stem
engagement element is carried by the body and is adapted to be engaged with the stem at a run-in
position and a landing position to restrict axial translation of the stern relative to the body. The cam tail
acts to mainfaimtha engdgdmentiaf:the engagement element with the stem in the runin position, and to
release the engagement element from engagement with the stem in a delivery position. A. piston is

connected tqtha stamosiebithat the pisienandithesiem rotalednanisen sdna Pistan:subsiantially
surrounds portions of the stern and the body. In an embodiment of the present technique, a running

tool for settif G AR AnEinbias S8RsHalAngafeRGEZiING MY Yirg 40Kedd WeFtess o member
adapted to pesijonthernnylairsealwisiinithesuhsea welApiston imadrpedionddvrtheanergizing
ring to set the gnnular seat in the subsea well. An eng% ement system is adapted to provide an
indication as® \ﬁ?fgiﬁ%f’%ﬁg r}]ﬂ% o s RS R ghﬁ(t}i’é%"ge tllbeétSB}r‘fé%sFﬁct idRTh the subsea
well, therebytransduténgxihidy théaana wathsdadds.set inaanprapér doaaticcadnishihethersubskahwelt In an

embodiment,of the present tedunicuie & mefhad of seltind andtesting.a.packaff seal, o6 a el pipe
hanger includes providing a running tool with an eor‘ff’g ed stern having an axial passage. A body

surrounds amsl agapmmm_:m dogtipedterth Alfeamﬂsap(asitioriewbsit\iwean_dmjlaodipgqaesﬁtﬁmr(m body and
the stern sughhat fo1Aon,§1NG SIS APES R SARIRARNARIC AN (el LA s hody. A cam

tail is connected to the cam such that it translates In unison the cam. A stem engagement element
is initially engagfedmdnt tHethtepngnsdismhaivamme dilibe Hiyagiement Withrthesteesithyn,theddm tail. A

piston substaially sLERMALsARTIRRRA D Sism.eniibe bed and s domvameyeagle relative

to the stem. The runningtool is lowered into a subsea wellhead. The stem is rofated relative to the
body to a defi?ély PoaiBrCtadeiRBie refio vitd thatship purton 1rd Binstean Ereiseyeinglite engaging

element, fromdg siebhnling,SIemb RAYSRIR Y dRwawArH falativeto the body to land the packoll The
stern engagement element is reengaged with the stern in a landing position. While in the landing

thereby moviRg e TERTRG To5] 14 CEt UsIal Bhor DALBHBAI f the CHBRTAD: FUUReRE o
sectional viemmoflar seahingitgodcensitiritedingascosaanraewitthihe prasbat déabtaiiteeposition

the annular seal within the subsea well. A piston is adapted to drive the energizing ring

to set the annular seal in the subsea well. An engagement system is adapted to provide an

indication as to whether the member has delivered the annular seal to a correct location in

the subsea well, thereby ensuring that the annular seal is set in a proper location within

the subsea well.

In an embodiment of the present technique, a method of setting and testing a packoff seal
of a well pipe hanger includes providing a running tool with an elongated stem having an
axial passage. A body surrounds and is connected to the stem. A cam is positioned
between and connected to the body and the stem such that rotation of the stem causes the
cam to translate axially relative to the body. A cam tail is connected to the cam such that
it translates in unison with the cam. A stem engagement element is initially engaged with
the stem and is maintained in engagement with the stem by the cam tail. A piston
substantially surrounds portions of the stem and the body and is downwardly moveable

relative to the stem. The running tool is lowered into a subsea wellhead. The stem is



Figure 2 is a perspective view of a cam tail constructed in accordance with the present technique.
Figure 3 is sectional view of the ninning tool taken along the line 3 -3 of Figure 1" Figure 4 is an
isolated and enlarged view of the piston lock ring of the running tool of Figure 1. Figure 5 is a sectional
view of the running tool inserted into a casing hanger and in a run-in position. Figure 6 is a sectional
view of the running tool engaged with the easing hanger and inserted into a wellhead housing. Figure
7 is an isolated and enlarged view of the stein locking dogs of the running tool of Figure 6. Figure 8 is
an isolated and enlarged view of the stern locking dogs. of the running tool. Figure 9 is a sectional view

of the runnint et i RS eS8 o Biglety 10 iROSH b e antF BMRg U SRR A P dhfon of the
piston of the JaRDAQDURERIgPTeThe engaging element from the stem. The stem moves axially

downward relative to the body to land the packoff. The stem engagement element is
reengaged with the stem in a landing position. While in the landing position, fluid
pressure is applied to the axial passage of the stem to cause the packoff to set and seal,

thereby moving the running tool to a set position.
Brief Description of the Drawings:

Figure 1 is a sectional view of a running tool constructed in accordance with the present

technique.

Figure 2 is a perspective view of a cam tail constructed in accordance with the present

technique.
Figure 3 is sectional view of the running tool taken along the line 3 — 3 of Figure 1.

Figure 4 is an isolated and enlarged view of the piston lock ring of the running tool of

Figure 1.

Figure 5 is a sectional view of the running tool inserted into a casing hanger and in a run-

in position.

Figure 6 is a sectional view of the running tool engaged with the casing hanger and

inserted into a wellhead housing.

Figure 7 is an isolated and enlarged view of the stem locking dogs of the running tool of

Figure 6.
Figure 8 is an isolated and enlarged view of the stem locking dogs of the running tool.
Figure 9 is a sectional view of the running tool in a landing position.

Figure 10 is an isolated and enlarged view of a portion of the piston of the running tool of

Figure 9.



Figure 11 is a sectional view of the runnmg tool in a set position. Figure 12 is an isolated and enlarged
view of a portion of the earn of the running tool of Figure 11. Figure 13 is an isolated and enlarged
view of the piston lock ring a the running tool of Figure 11, Figure 14 is a sectional view of the running
tool in a test position. Figure 15 isisolated and enlarged view of a portion of the cam of the running tool
of Figure 14. Figure 16 is a sectional view of the running tool in a run-out position.

Figure 11 is a sectional view of the running tool in a set position.

Figure 12 is an isolated and enlarged view of a portion of the cam of the running tool of

Figure 11.

Figure 13 is an isolated and enlarged view of the piston lock ring of the running tool of

Figure 11.
Figure 14 is a sectional view of the running tool in a test position.

Figure 15 is an isolated and enlarged view of a portion of the cam of the running tool of

Figure 14.
Figure 16 is a sectional view of the running tool in a run-out position.

Figure 17 is an isolated and enlarged view a portion of the cam of the running tool of

Figure 16.
Detailed Description of the Invention:

Referring to Figure 1, there is generally shown an embodiment of a running tool 11 that
is used to set and internally test a casing hanger packoff. In this embodiment, the running
tool 11 is a two-port casing hanger running tool. The running tool 11 is comprised of a
stem 13. In this embodiment, the stem 13 is a tubular member with an axial passage 14
extending therethrough. The stem 13 connects on its upper end to a string of drill pipe
(not shown). The stem 13 has an upper stem port 15 and a lower stem port 17 positioned
in and extending radially therethrough that allow fluid communication between the
exterior of the running tool 11 and the axial passage 14 of the stem 13. The stem 13 has
an upper contoured surface 19 and a lower contoured surface 21 located in the outer
diameter of the stem 13 a distance below the lower stem port 17. The upper contoured

surface 19 is spaced apart from the lower contoured surface 21 a specified amount.

A cam 23 is a sleeve connected to and substantially surrounding the stem 13. In this
embodiment, the cam 23 has axially extending slots (not shown) along portions of its

inner diameter. Spring supported anti-rotation keys (not shown) extend radially from an



Figure 17 is an isolated and enlarged view a portion of the cam of the running tool of Figure 16.
Detailed Description of the Invention: Referring to Figure 1, there is generally shown an embodiment of
a running tool 11 that is used to set and internally test a easing hanger packoff. In this embodiment,
the running toot 11 is a two-port casing hanger running tool. The running tool 11 is comprised of a
stein 13. In this embodiment, the stem 13 is a tubular member with an axial passage 14 extending
therethrough. The stem 13 connects on its upper end to a string of drill pipe (not shown). The stem 13
has an upper stem_port 15 and a lgwer stem port 17 positioned in and extending radially therethrough
that allow Ui EbMHARMFEABHBANIE T HHE eé}ﬁio?rsfﬁi’é“raﬂmh@%@w&vgﬁ&e?ﬁ%f fpd€age 14 of
the stem 13.smm§temtﬂé3ihﬁér alﬁanﬁmr;mmm@r@dtw taae 1%acidadoive s eantiousaed sigrtaae 21
located in thS outer diameter of the sterﬁ 1§’fﬁeed tanqe b Io¥vshhe I(ﬁwﬁg st? E%} }g.térgﬁaoygper

contoured su e{gé%tién is' %lﬁg%'e a%g?‘tl rom the 1ower %tgn Sured dlrace™1's speci mount. A cam

23 is a sleevextdhynettédetm andssthstanffaliisurodvindingethé sstear bT fnetbisel B thodmtientdthe cam 23
has axially extending sl not shown) along, portions of its inner.di . pri

anti-rotation{gefg?ﬂ%fes(ﬂtoﬁv%rn néx?ﬁ?led Cr)%{ag[}y r%%na%pgﬂt%e}nai%rﬁtgzra éé?t%oﬁ%%%%g%gt%?n&r :3 and are
captured in thesiioadly extendirysioinmotdhbwrihornttiteughethdianiiowr Poidiopsuhtnécdiaen 23, such

that the stem i3 and e Galld A IPIAIGS WHARNHhe Axiplly exiendling SRt natshppen;giow the

Gain 23 lo move axially relative to the stem 13. Portions of the outer diameter of the cam 23 have
threads 25 cohtairefiiHerain PPHEOBaH, Z2Bhaslanipiser @ar Pofo27 BitdaTbReitcam pore9

positioned in&a%@xfﬁﬂﬁiwfradaw pesethraughthat allow fluid communisationfsivisemihe exterior

and interior of the cam 23. The cam 23 has an upper cam portion 31, a medial cam portion 33, and a

lower cam p8FlISHES Ml ORI B fiamTep thalds |gcatettiRaBepeT Lamebs b S ERPeH e Bam 23,

The medial ?]Mﬁm@i?%@x%lh@?o%ﬂﬁg%@HMWHW%&H?&MM&!&% s7areateothenstheeuter
diameter of the upper cam portion 31, thereby forming an upward%%“saicing annular shoulder 37 on the

outer surfac& P hr- 245 ARCRISHHb AR ER Fo o288 B A 08 S AR U8 Bottfon 35, the
outer diametartef tenran d3ideciansesitesuhstantiatytihdspmescuiee diagieiemnaftthe tiprer cam

portion 31, thereby forming a dqwnwardly facing annular shqulder 39. A recessed oc$ t4]is
positoned i e S BHte of e Eah S s e B L R A Tacing
shoulder 39.recessed pocket 41 is positioned in the outer surface of the cam 23 at a select distance

below the downwardly facing shoulder 39.

A cam tail 43 is a sleeve like member connected to the lower cam portion 35 of
the cam 23. The cam tail 43 has a flange like upper portion 45 that rides in the pocket 41
on the outer diameter of the lower cam portion 35 of the cam 23. The cam tail 43 and the
cam 23 are connected to one another such that the cam tail 43 and cam 23 move axially in
unison, but the cam 23 rotates relative to the cam tail 43. As illustrated in Figure 2, the
cam tail 43 has a plurality of tails 47 that extend axially downward from the flange

portion 45 of the cam tail 43 at select intervals around the perimeter of the cam tail 43.

Referring back to Figure 1, a main body 49 substantially surrounds portions of the cam
23, the cam tail 43, and the tool stem 13. In this embodiment, the main body 49 has
threads 50 along portions of its inner diameter that threadably engage the threads 25 on
portions of the outer diameter of the cam 23, such that the cam 23 can rotate relative to
the body 49. A medial portion of the main body 49 houses an engaging element 51. In
this particular embodiment, the engaging element 51 is a plurality of dogs, each having a

smooth inner surface and a contoured outer surface. The contoured outer surface of each



A cam tail 43 is a sleeve like member connected to the lower cam portion 35 of the cam 23. The cam
tail 43 has a flange like upper portion 45 that rides in the pocket 41 on the outer diameter of the lower
cam portion 35 of the earn 23. The cam tail 43 and the cam 23 are connected to one another such that
the cam tail 43 and cam 23 move axially in unison, but the cam 23 rotates relative to the cain tail 43.
As illustrated in Figure 2, the can tail 43 has a plurality of tails 47 that extend axially downward from
the flange portion 45 of the cam tail 43 at select intervals around the perimeter of the earn tail 43.
Referring back to Figure 1, a main body 49 substantially surrounds portions of the cam 23, the earn tail
43, and the toglagieign d8menthid esnibbgilmtent, ¢thgagrain dodyidébag tineadsdGalng portiens of its

inner diamet 0 ' of 0 diamet the cam 23,
such that theﬁgn;é?nag%}%:%agndﬁagt(é%?g%?ﬁae oIItI;?(;%(%§ geg .&%ﬁﬁgﬁ%@%ﬁﬁ% f%%%eﬁ{)gyi/ 43 houses
an engagingearaaehvath thetlspsivartientsr Shbaddimemertiseréegarfinbeetagntsstlésnanldrality of dogs,
each having @;aqIR0INJNNEESVHIREE ARG 2 FBRICHSRELA L SWHACs The contoured outer surface of
each engaging elément 51 is adapted to engage a complimentary contoured surface on the inner
surface of aT%asinggr]]r r%ﬂer 53 (Figure 5) when the engagement element 51 is engaged with the casing

hanger 53. THB ¥ Yot D FRRSHYLIRYG BREHAN BN AR i Restt4c: Wity A BeMSurface

portion of thei¢an 23 pepelyisilycbaxisiconaeatedd9, anovpRemnariion. ol teappairbbady$49. The
main body 49 and th per body 55 act as an jntegral body, moving.in unison. The upper body 55
has a port 5 Exiehit |ngﬁg)c(|{|’%{f§/lrt%(arlaéitlﬁ%’u%ﬁr § Iiogﬁév\%aﬁ '(gocy,vc?rrdr“%n%gﬂgﬂ%%}\?&eﬁefwgqﬂterior and
exterior of theéhepperdycoiyl BhteAl dowethbagydDigligdiinestédyvia adowed pocbancofetheomaiwbody 49.
The main body 49 and.the lower bo act as an.integral.body, moying ip unison. The tail.portions
47 ot the ok T A AT G ot e e A Y SSY it AnAE Bl 59 A
bearing cap B3lis savinglyncominecteho tailqweiqertidmwbitthedmier Aok B2 daxiaihStentihlly
surrounds pABRNe il Rt ki AR AR ot BRPIBINA SRR 128" el pay Of the

main body 49 and the lower body 59 and a , the steir’ 13 also rotates relative to the bearing cap

63. An engagiigesiethiont B5VRs pedigomedhalretiedyndt aidmdmamfahe svaatingscatads ipf this
particular empogimeant, 3&£NAR0INGEISMERE 8RS Rl 1Y OhSIRELICCKINA RS HEAFBARVING &

contoured inner surface and a smooth outer surface. The contoured inner surface of each €éngaging

element 65 i$aHuptaleyenbedehadomphrieftascabhiotlred daisasdlating, to therPaserfitep surface of

the stem 13 {BignreehghjaipeIShwihen thsRnargement eiemeRt Bhisendraedvrithihe.ptem 13. In this
embodiment, the downward facing surfaces of the contoured surfaces 19, 21 and the corresponding

surfaces of tHe SIS RASIERIAG TBBAEE RS Fag5iRs BB thist vABKALAY /G STk Ed motion

of the stem 1Bgslativieiaving stemttoekinadega b pducesithraaiauifgethelgeanteckiag dogs 65
outward, ConverseIIXfthe U{)W%td facin%surlc?ces oé he cc()gtoufied surfaces 19, 21 &?d the
corresponding SUTACEE of the Yle ARSI S FEUE 65 haY & RREH iR IR 3 s M ST TSN diment so
that when engagadkdsucfpwartbnitition tkthetstemiS refativattorthié sfegnrdockingwdeds 6henill be
opposed by the stem lacking,dogs,65. The contoured oyter surf of the engaging cle t65is
initially in eng}aeg%‘%ﬁ%%et“\}veﬁ‘r{:t1%“@6%%&%5&%%‘?@%?80%&%&?%‘8 z%?faég % lgngfﬁeoégtlel}ﬁn%?ﬂ S
illustrated indoigoreasl dagsiienr faemibér 87, dnrttoisredn bodinreni Ssplingsdatkepositivpenidiegween the
engaging elemente AR RLAANSIRE AsPRaNeg AR y;%ctsbo. Rias %ne%gg%é&e'ement

65 radially inward. The tail portions 47°0f the cam tail 43 arc initially positioned between the 'stem lock
dogs 65 anddgweniakt mriine e thethtarrlgtoapchssiemtinsking duzep Surbwssof fhecetern lock

dogs 65 are ipitialy in SENRELWILL NG stiface p@mﬁsafymﬁet%%%gqgﬁﬁg Shesamial 43. In

this initial position, the tail portions 47 of the cam tail 43 prevent the lock dogs 65 from moving radially

outward due R P T B ARSIy thed s rarsesprist ingisiERfiey théhe g drskincofiess fner

contoured sugace péth@iBngagingpelaMeRtSHYAthtAe Jowrk cantouressurfacerlaRf theistem 13
(Figure 1). Referring back to Figure 1, a dart landing sub 68 is connected to the lower end of stem 13,

The landing S 68 W 2NN IS BINP PS8BT, Wb RS RPRYISH Dih S iiF Bl t6kBed into the
stem 13. Whinghesobjatkot dasilandsuwithintheclastding sub-68hdt wilhaet assaisemliriigctively

sealing the lower end of the stern 13.
9 engagemen?wn t?le comf)?llmentary lower contoured surface 21 on the stem 13.



The main body 49, the upper body 55, the lower body 59, and the bearing cap 63 are integrally
connected to one another such that they move in unison. The main body 49, the cam 23, and the stem
13 are connected in such a manner that rotation of the stem 13 in a that direction relative to the main
body 49 causes the cam 23 to rotate in unison and sinuilianeously move axially upward relative to the
main body 49. The eam tail 43 is connected to the earn 23 in such a manner that rotation of the stem
13 in a first direction relative to the body 31 causes the cam tail 43 to move axially upward relative to
the main body 49 in unison with the cam 23. However, the cam 23 rotates relative to the cam tail 43. A
piston 69 suftdUuHBE e8I 18 Snd, StIHSEAR Pi5HiBRs O tHe dHp iR BE antPIREmAIA body 49.

The piston 6&istARASEIAIR thecsiem nkd-RimaRysefapistondeckisinetdlo arpiston lockding 71 is
positioned in an apnular recess 73 on an quter surface portign of a piston cap 75. The piston lock ring
71 has a colBiPel B i QRREES 8%?&‘8‘%%6%51%%&“& ce SR ROIERIS AN fhER5 L3885 ed
outwardly, angl ascinitiadiyipesititactiviithagomplisentacy dopiafedsuitaeaaniamnaecsSthiface
portion of the piston 69._ Referring to,Figure 4, in.this empbodiment, the contoured inner.surface of the
piston 69 co?n%rrllg s rég é'lrlgov%%E?tPF %’tgrlé ]llrrr:f i ém oedlsrtﬁénnti,o tl1(ed§) Stgﬁrgaﬁ()lﬁfg?lsgﬁr%ce of the
piston lock ringtddt ecth prisesiwecamoutianbafits 88] gatibach/aritbtacdparml 33, 85 iigeomaktrically

complimentar ach groove 77, 79, 81 Initially, th nular , 850 Iston Jock ring 71
are engage(f %ﬂiﬁoﬁﬁ&fﬁ)ﬁ? §%‘3n§§7 oﬁ%é@eiﬁﬁér%hﬁg 8¥?Rqqu€jtg%rlﬁ6§9¥2;6 efrrl(r% kl)l(%aocvl?1 Figure 1,
the piston 6%adigbnradreddode steithel Iwyehapritdad rdtatdwirsgnisdd, withithessani® athg is also

capable of mauernentaxially. relativeadhe SEMAS: 4 Bistonsauily aesbamerAF ifdagaied between

a portion of the piston 69 and the piston cap 75. A setting sleeve 88 is, connected to the lower portion

of the pistonc8dioTHe sethsy Sleehibagartied EEndrgizing ring 89 of a casing hanger packoff seal 91
along its lower end. This enables the setting sleeve 88 to position the packoff seal 91 and then set the
packoff seal dfdopirlriviag therRResdiZzngainpuEArgowbward. Alidkddbbeisral &eisi pasitened in an

annular rece ng the outer diameter of the piston 69, just above the setting sleeve 88..The packoff

onl o1 wil 2t 3 L AT A S MR SR AR A RELEIRG i ) Hihen

properly setbinloperationg tthe piston369WhinittalytjeEt taotdee thpdsitichinathd thelsterupofsids, 17, the

cam ports 27,. Qabf';\nd the upper boggs%%ﬁtnsgzh%r% OﬁsetJropﬁqus'%% her as shown in Figure 1. As
111s7

Qﬁgctlve W

illustrated in |gurea5q',atfs1%ar’unn|ng to owered into the casing hanger 53 until a shoulder on the
outer surface of the main body 49 of the running tool 11 contacts an upper end surface of the casing

hanger 53. THE @i Hhnger s Winaedrredths doutpinbogy cibingarhe iLestiBssitB LBy Sips at the
rig floor. As illustratedinfdedie: anceadhemaih ieauwis ehdhe rvnRitshtoghtnand sbeycasing hanger

53 are in abutting contact with one another, the stem 13 Is rotated a specified number of revolutions
relative to thBHaMR BoRPdShngeRelsiar LPReFid B et IS thE A ARtaHGR P hEIS AR 23 moves
longitudinallynupiner dikelativeréhgiveaintho ey b Ay tiecaasABdneres3longiddinatiyispwasd, the

upwardly facing shoulder 37 on the quter surface af the cam 23 makes contact with th aging
element 51. ST TSN SUEVIY AIES b ERGAG 1 B6AEE WA 2 S rofiBeol PRCRUshh Hhe inner
surface of connected to the cam 23 in such a manner that rotation of the stem 13 in a first direction

relative to the body 31 causes the cam tail 43 to move axially upward relative to the main

body 49 in unison with the cam 23. However, the cam 23 rotates relative to the cam tail

43.

A piston 69 surrounds the stem 13 and substantial portions of the upper body 55 and the
main body 49. The piston 69 is connected to the stem 13 by way of a piston lock ring 71.
The piston lock ring 71 is positioned in an annular recess 73 on an outer surface portion
of a piston cap 75. The piston lock ring 71 has a contoured outer surface and a smooth
inner surface. The piston lock ring 71 is biased outwardly, and is initially in contact with

a complimentary contoured surface on an inner surface portion of the piston 69.



the casing hanger 53, thereby locking the main body 49 to the casing hanger 53, As the cam 23
moves longitudinally upward, the stem ports 15, 17, the cam ports 27, 29, and the upper body port 57
also move relative to one another. As illustrated in Figure 7, as the cam 23 moves longitudinally
upward, the cam tail 43 and the tail portions 47 move upward relative to the stem locking dogs 65.
However, in this run-in position of the running tool 11, the tail portions 47 of the earn tail 43 still support
a portion of the locking dogs 65, thereby maintaining the engagement of the stem locking dogs 65 with
the contoured surface 21 of the stem 13. Once the running tool 11 and the casing hanger 53 are
locked to ondRafrotingr fahé gurningntdol Einhoditia casinghanget bl arsuidycerefithowisttheadser (not
shown) untl (a6, SaIg AN IRTVACPMAS B TRl IS BRRERSIN AT A0LgINg 83, Lhe opprator then
pumps cement down the stfing, throughthe casing, an bac upg an annulus surrounlclirlng?he casing.
As illustratedths Figiand @:kthia g EnsdBpidstisam eotanathabspdeifib B huliber ohatidiiend Bie¥oldtions in the
same drectiongschelen- S iSIRm isdataied relaivalatherpain pody 4%, e 6,23 moves

further longitudinally upward relative to the main body 49. As the earn 23 moves thr ngitudinally
upward, the 8arpf & a5tapdasiertag pbaTesserBIdovdIpNvaiePrsiatiYestib ahdhstimeoakifigeddlys 65. As
the cam tail 4gpRussdongitudinally upward, the tail portions 47 of the earn tail 43 move out of contact
with the stern locking dogs 65. The contoured surface 21 of the stem 13 and the surface of the stern
locking dogs 65.are tgpered so that a downward motion of the stem 13 relaiive to the stem Jocking
dogs 65 causl.?e%etlﬁgl%ag%‘fkd?e%%‘ﬂﬁ cHORERY elfr?é’%%?ﬁei%%ﬁa%%ﬁﬁgush th '2IB%S The weight
of the stem Ithanad thehforceeihas itrekartdsorcibebleckingotiogs:t authiowgh-die: eo gageriantiof the
contoured sugface 21 and the ste Ioﬁin do 5 exceeds the force of. the springs,67 (Figure 3)
acting on the‘KT clﬁ%%ct%b% 8516 nr}r?éalrn aihs?ﬁg%%lang&twvé%eélea 8%%@1&%% Tl o%?e@%%??a%%t of the
stem 13. As aaregilt, thedidme sleryth&Ssterpioeking togs d6weovertihemofadialbiscutvélrdS thereby
disengaging gggf eml3g f}gms. ML '§ f d moves longitudinally, downward relative
to the main bo §/§9 i?\ a (}e ivelrejs pgse?ﬁ%ﬁ@ggfreﬁrﬁr% ?bgo i%%ﬂrrelggggg the stem ?I.e:?qn%\?g%nﬁ)ﬁaitudinally
downward refativecisithEhisaamblsdyiwgetiegikiore 83, thposditnghslesko §cahdlithedthekofitseal 91

also move deyuryardifelaiivg 19 e hody. Bhersism Hhmayasdanaivdinaliydompward ielative to the

main body 49 until the packoff Seal 91 makes contact with either the casing hanger $3 or debris sitting

on the casin@ ¥y RGN IBRURTHEEISIBIED tha@Hks diameies ol aisonritionty dewnibard to
deliver the paskelf sRal 9340 the ¢asinghanuel S31the aterhlask dags.OmNdlreeRIAR e

contoured surface 19 of the stem 13. This is referred to as the landing position of the running tool 11.
As will be distEiRd #PHSHE YethieBm ol VRIS SRk d8gY 85 talefhsaRjetnd StisriniBlhen the
stem lock dogs6%yilleanglatthe stemhk3tenaghas aseartion pantiaihydravlicpiassuspepplied to
the piston 69 to set the packofT seal 91. However, if the stern lock dogs 65 do not re-engage the stem
13, then hydfSid Bpeggﬁfg (gésﬁﬁée{?%odﬁ\fél%%bﬁtﬁl??%@ JolvAWE to set the paekoff seal 91 will urge
the stem 13 to lift and insufficient pressure will be created to drive the piston 69 downward to set the
seal 91. The/peletsrtedmndpiplyadnsionuoning tteim 118 lodetstminglit treisEmnBHdsuntVeled a
sufficient distaggeidp GeNeT e Rkl SeahOTiRdNG FAY0% PANORIAR AN 1§ NARARY g Stern lock
dogs 65 to the stem 13. The contoured surfaces 19, 21 of the stern 13 and the stem locking dogs 65
are configurddlis 69t WHesrtRE WeRtsinebrnate PilockisLais 4B SAgalble sacupwWardamotion of

the stein 13 telaliver tadhe atert lRging-doffss Bps willie ed by the stein locking dogs 65. If the
stern 13 moves more than a limited distance longitudinally upward relative to the main body 49 when

the tension is applied, then this is an indication that the stem locking.dogs 65 have not engaged the
contoured s%?a%%% tgp tllﬂlnegs]1 S ?30 3?1%% 50" lﬂﬁllhod%éiéoé?tﬁ%et Eﬁlé%&g%?ﬂ%lgﬁﬁoﬂlﬁﬁé sufficient
distance to deliger thit packofbsealPdotodttevddsion: hangenr Sthelntthis iAstanaeidhe aperdied can
reciprocate the landing string up and.down until th clgbﬁ‘ eal 91 pushes en epris out of the
vy to alow NS SR AR O R R o DS s s
However, if tihe steim UBIxcEEs thotdraveBlomyitadmelitndipaisy dipovardvelgionitha fimitebbdistithce relative
to the main bady¢ o this laaasiivg I aliondh aldne siet qatdng dodiadip bavs, spgaged the
contoured surface 16 of the ster% f%?g?and that the stem 1% a%tra elas fi%?ent ?stgige to%eliver the
packoff seal %g@wéagg§ﬁgh¢ap@gr2§3makes contact with the engaging element 51, forcing it

radially outward and into engaging contact with a profile or recess in the inner surface of



In addition, as illustrated in Figure 10, if the stem 13 has traveled the appropriate distance, the upper
stem port 15 of the stem 13 will be aligned with the upper body port 57 of the upper body 55, thereby
enabling fluid communication between the axial passage 14 of the stern 13 and the piston cavity 87.
As will be discussed in more detail below, if the stem locking dogs 65 are re-engaged with the stem 13
and sufficient hydraulic pressure is applied to the piston cavity 87, the piston 69 and the setting sleeve
88 will be driven downward to set the seal 91. Referring to Figure 11, in order to set the packoff seal
91 between the wellhead housing 93 and the casing hanger 53, the axial passage 14 of the stein must

he sealed. Atk fasdigrhongy doilurepyh s br e r@aiinke det dimallsLasipelrnsst the $erha3. The
solid dart 93Jands iméheslandinesiin P 8piee B sealing e pwereod.af fietstenmdsaefering to
Figures 10-12, fluid pressure is then applied down the drjll pipe and travels through the axial passage
14 of stem 19PBEFORIHRLLIRG MIOUYN THERPE HBFABURER7, the uppei body port 57, and into the
chamber 87 of the piston 69, driving it downward relative to the stem 13 and setting the packoff seal
91. This is referidastortas ineFigmiTg 0chd taetPBositiors doaeisisholn ipwigds dee1chantdil 23 If the
paeltotT sea i i t ition, L. : draRp. sufficient
distance to dbé?ﬁ./tei?etrﬁ%ﬁ ggléll@;?gggfl 91(a'tF(?)lrIS;)\hpc=}Sr 32§§§§ %ggs?t[il_gtr%lrgéﬁ%\%%% ggég%rggsi'ng h_a%é? g13, the
running tool thiswilhprepesititeqidbratmseag 9aofrdi Beirigiseordenpréviolishy grpussdetP ifttHe stem
locking dogs,G5.aave Aok GNIRGRIJha £oMeY Ked tﬁuféﬁgf%%@ﬁﬁmg%rengégm BIERSUER,S applied
0

down the drill pipe, the buildup of pressure in the piston cavity 87 will produce a force to drive the stem
13 to move IBi&iREfioanP B AT sRtoBres thefsaaml LB dbesesr e running tool 11. An insufficient

pressure will be applied to the piston 69 to overcome the force required to set the packoff seal 91.
Additionally, thedippensié poit 115 ndgiacishe aligined S¥ithethe ligper dedy@hetr SThe thewehy
preventing fluid pressure from entering the piston cayity 87 at all. As a result, the piston 69 arid the
setting sleev%)%lg vf\an néﬁ%‘éa i ré}}]alltl)‘%)‘é\?vng}’wgr?jslPé)rzgla{i(\a/a(;%"mé[%seterzlrs'nerl‘:si-l.otl—fﬁ;)l\(/)v‘%ﬁelrl,nlll‘ﬁ trﬁéeﬁg%lﬁgff seal 91
is delivered fmtigerpidpenpesitioestiie. tthewstern W8lhasdhopped Saffidibatogistncehtn gelivier the
packciff seal %l L ttla 391??@%99 iti&ﬁ) relati gtcoagnl c an Qg er %1“?1‘? st qu% dpgs 65 will
re-engage thce%ltegln 1‘8 ané’ the stém 1%“\%/% e secu%éd%?o the mqgl)n é?o y 49 o?‘?lﬁre running tool 11.
When press@eésiigapplied down the drill pipe, the upper stem port 15 will be aligned with the upper
body port 57 and the pressure in the piston cavity 87 will react against the piston cap 75 to urge the

piston 69 and ¢hensetiied sleayesS® dmynwaid toisehthaqackollf el Aulifisg Jorcrlgvthe piston
cap 75 will be transmitted to the stem 13. Ho%ver,h%ec use th? c,ontouregd surface 1E??of the stem 13
Eif that J

and the steif FSUHE ISy B5%E Lorfituhed & L' ARG 048 BE O fp b i vard
motion of the&sligmal Inéhapressusedn tiehpistorptaniinBy i wiiecieldtiocukgethegiistani p@downward.
As illustrated, by Figure 13, if the koff seal 91 was properly delivered to the easing hanger 53, as
the piston 69Ak r%glfe%lsalalo%]vssn%%‘f?}s, %ﬁ%ﬁ%rrioen len%@'téllé) ‘g@@ﬁﬁgaﬁs %‘larll ?ct’)‘?: n(rj?rtlﬁge'?iﬂg%(aqfts Bands 83,
85 moves théTackvingplarddielltyi maviarthintaetnelacinniadresess 73\in the pisionita}? 7BoWhen the

piston 69 mqves.longitudinally downyard relativeto the 1 fficientl ckoff seal 91,
the piston o0 B D B B L e o or
the inner suritee oickiegpisgsnt69. Thiheopistenddees hbhibeesufiibiemty e sertie packoff seal 91,

the piston 'Og%éﬁmgcﬂng/ilidggt@am&g&&)ea%%sme@&wﬂwaﬂawe&y%ﬁ&e@eﬁﬂ i8GJARGE gyrface of

the piston 69. Referring to Figure 14, once the piston 69 is driven downward and the packoff seal 91 is

set between thfestanilnglinn gess 8 asri e thefiPriad b s8Iy 03] teeusesriha Strnherkiegde an

additional specifigd Hdmbgrofirevplisians ildhesameadirestion-as beforedapiehanethrigagl 91 for
testing to verify that it is set. As the stem 13 is rotated relative to the main body 49, the cam 23 moves

further longitiRp&fythiswel dhe risre B At thiin pRiiguaed surface 21 and the stem locking dogs
65 exceeds the force of the springs 67 (Figure 3) acting on the locking dogs 65 to

maintain them in engagement with the contoured surface 21 of the stem 13. As a result,
the forces on the stem locking dogs 65 move them radially outwards, thereby disengaging
the stem 13. The stem 13 is then free to drop and moves longitudinally downward

relative to the main body 49, in a delivery position.



As illustrated in Figure 15, as the cam 23 moves, the lower stein port 17 and the earn ports 27, 29 also
move relative to one another. The lower stem port 17 aligns with the upper cam port 27, allowing fluid
communication from the axial passage 14 of stem 13, through the stein 13, and into and through the
upper cam port 27 of the cam 23. Weight is then applied downward on the drill string. This is referred
to as the running tool 11 position. Referring back to Figure 13, if the piston 69 has stroked sufficiently
to set the packoff seal 91 (Figure 12), the piston lock ring 711 and the bands 83, 85, will be in
engagement with the grooves 77, 79 on the inner surface of the piston 69, allowing the weight down
on the stein R3ftorbe tirafgferrdd fsahe tesidrmad;sthrogighl thvelpistomieald nielgtiFt, tatickintaithe piston

69. As illustr indrigure heweight down gn the pjston.69 (Figure 14) will.compress the bulk
rubber seal g&%?hgrdgbgly%r?g%a%ﬁngg %hgtlrgeél% E%Niétiﬁet e #r?r’learn\fdva %ft Cei;evﬂél%é\{a %o%ig?nén 85°and
forming- a selvasaadedaityatrisudtedy teShoslemd Isoneredahvvintly packofast atlotyPressure is

then applied fown;the.diilkpingirRd Favels freugh e aXialRessaos ki o S8 mnb3heforg passing
d %u ea

through the lower stein port 17, the upper cam port 27, and into the isolated vo ve the packoff

seal 91, therebgelestifidfiropdbrofsseahonar shevadplidd heesisive 9 e ribsinteen tHetatdedeal 91 was

set correctly siHaweNR), doingwRiRian BavasRobatidledavdiciently to.srbihederkafl sraligh when the
weight down is applied to the stern 13, the piston cap 75 will abuttingly contact the upper body 55,

thereby previéStErPER&StIH 1S58 B pRIBIBE BTt heldbavHEar P s Uity Rsreditpress the
bulk rubber sgah9Panling pissiddaskiingdinyiloet ransfenthe waightda the.pisteafPranshthe rubber

seal 92 will nat compress and engage the inner wall of the wellhead housing 93. As a result, the

pressure willhBEREMBREHEH QT Hetre s s iedt vliP R QAL e 085 By BB BB ulk rubber
seal 92. Refetsing 3ad-iguse 4 a0n6e o prekofiisant Yibasdgpmniastetetpristend i3s& then rotated

a specified number. of itignal revolytions in tl'ga ame djrection. As the stem 1.3 is rotated relative to
tho main bodJISTHE LAl SATHEVHe QB R AR G FIERORE e B o0, A
illustrated in lidundid préteadoygwivedrs thdeglehasice 538 ofiherdams2BthagsasolbiystakHngdbement
element 51. As a.resuylt, t ngagement element 51 is freed and moves radially inward, thereby
Cnocking the Rty 49 e R B B TR e S oy AT refative
to the main lsoeyn49rdisoschibsesalel upper 27

The operator can apply tension to the stem 13 to determine if the stem 13 has traveled a
sufficient distance to deliver the packoff seal 91 to the casing hanger 53 and re-engaged
the stem lock dogs 65 to the stem 13. The contoured surfaces 19, 21 of the stem 13 and
the stem locking dogs 65 are configured so that when the stem 13 and stem locking digs
65 are engaged, an upward motion of the stem 13 relative to the stem locking dogs 65
will be opposed by the stem locking dogs 65. If the stem 13 moves more than a limited
distance longitudinally upward relative to the main body 49 when the tension is applied,
then this is an indication that the stem locking dogs 65 have not engaged the contoured
surface 19 of the stem 13, and also an indication that the stem 13 did not travel a
sufficient distance to deliver the packoff seal 91 to the casing hanger 53. In this instance,
the operator can reciprocate the landing string up and down until the packoff seal 91
pushes enough debris out of the way to allow the contoured surface 19 of the stem 13 to
be engaged by the stem locking dogs 65. However, if the stem 13 does not travel
longitudinally upward, or travels only a limited distance relative to the main body 49,
then this is a positive indication that the stem locking dogs 65 have engaged the
contoured surface 19 of the stem 13, and that the stem 13 did travel a sufficient distance

to deliver the packoff seal 91 to the casing hanger 53.
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and lower 29 cam ports to move relative to the stem 13. As a result, both the upper 27 and the lower
29 cam potts align with the lower stern port 17, thereby allowing fluid communication between the axial
passage 14 of the stem 13 and the exterior of the main body 49. The running tool 11 can then be
removed from the weltbore, and any fluid remaining in the running tool 11 will travel through the lower
stem port 17, into and through the upper 27 and the lower 29 cam ports, and through the main body
49, thereby draining the running tool FL The running tool is an effective and efficient technique to
ensure that a paekoff seal is set in a correct position. The stem locking d(zfi%{/orovide the operator with

a positive or Reddtiieindicdtiviateto i HamE? the ghdkermiseal hadte b ddildhsa PR Esrect
position. Theiruritisgiealjsealseranaffestiverancaficientteshaigue dovensuteuhh apaeckel seal has
been fully set, The piston lock ri nsyres that a pressure test can opnly he performed if the piston has
flly Stroked S Sk BRSBTS ER ARG L FAEGP W L B o HEGRHNS TitEation a5 t
whether the pistdnheascad e uatelyesiiokadaWiilg7tha invéhtiodibasdaddn shwwvdeiniDbdyoonefof its
forms, it shoyld be apparent to Ihose skilled in the art that it is not s limited but.is sysceptible to
various chan%gssﬁﬁhgfﬁ%“e%a%fﬁ?g%?o%ethrg'glcl:%%%e%fvf'#g irt:}\l/eer%e(grrl]. P%f&?f/lsg?ﬁ léarllﬁ\l;l %ﬁ%‘#lglaimed is:
1. A running ioskfior setfipbedrid tesprgoarcanhuldl; deaphavin® ancetergitting slagyddamwahbelus
between an ipner we J?&E@P%re%@ﬁ g outer wellhead member of a well; the running tool

comprising: a seal delivery and setting system adapted to position the annular seal in the annulus
between the inner wellhead member and the outer wellhead member and to drive the energizing lino

to set the anREfarEg-ia g S b ST go set the packoff seal 91 between the wellhead housing
93 and the casing hanger 53, the axial passage 14 of the stem must be sealed. A solid

dart 93 is then dropped or lowered into the axial passage 14 of the stem 13. The solid
dart 93 lands in the landing sub 68, thereby sealing the lower end of the stem 13.

Referring to Figures 10-12, fluid pressure is then applied down the drill pipe and travels
through the axial passage 14 of stem 13 before passing through the upper stem port 17,
the upper body port 57, and into the chamber 87 of the piston 69, driving it downward
relative to the stem 13 and setting the packoff seal 91. This is referred to as the running

tool 11 set position and is shown in Figures 11 and 12.

If the packoff seal 91 is not delivered to the proper position, i.e., the stem 13 has not
dropped a sufficient distance to deliver the packoff seal 91 to the desired position relative
to the casing hanger 53, the running tool 11 will prevent the packoff seal 91 from being
set. As previously discussed, if the stem locking dogs 65 have not engaged the contoured
surface 19 of the stem 13, when pressure is applied down the drill pipe, the buildup of
pressure in the piston cavity 87 will produce a force to drive the stem 13 to move
longitudinally upward relative to the main body 49 of the running tool 11. An
insufficient pressure will be applied to the piston 69 to overcome the force required to set
the packoff seal 91. Additionally, the upper stem port 15 may not be aligned with the
upper body port 57, thereby preventing fluid pressure from entering the piston cavity 87
at all. As a result, the piston 69 and the setting sleeve 88 will not be driven downward

relative to the stem 13.
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wherein the seal delivery and setting system is adapted to prevent the seal delivery and setting system
from driving the energizing ring to set the annular seal in the annulus unless the annular seal is located
at a desired location in the annulus relative to the inner wellhead member. 2. The running tool of claim
1, wherein the seal delivery and setting system comprises: an elongated stem having an axial
passage; and a piston configured to drive downward to drive the energizing ring to set the annular
seal when pressure is applied to the axial passage in the elongated stem and the annular seal is
located at the desired location in the annulus relative to the inner wellhead member; and to not drive
downward tdHdnive ¢he fethergiziagiriegl tolsikt dbiévarsdulatise ptopbepopressure. jstappliedl® iihe axial

passage in (e, slonaated;siem and e gnnulansealietlocaied aldhe degiied jacatign fp the
annulus relative to the inner wellhead mem er, 5 PihRE running tool of claim PRherein the Seal
delivery andtsdttingsygtemgeonihisestean bodyrsubstantialitl sereopmgtinige atocbh net td teithe stem;
T hiplioncbelyaRn A E0IES GAAL IEhArkanflia sa AU e ipiation of e
stem causes the cam to translate axially relative to the body; wherein the piston is‘connected to
the stem sudivttathhdpispipeatis twetetanaiare §n wikbe atisaplistoh shbstepidiydsuresuhiting

portions of the SIEMAN IER LY pidrol RGVHPBNG 1A @Qétqg%'ﬁ@tﬁe‘ﬁﬂ%ﬁi@a 9s5RALARIVR!Y and

setting system comprises: a stern enr%agement element carried by the both and adapted to be

engaged witHisH St Ra e rbitingsdesie s SdavaMAEing 1o shvorreb olsterdt BxiahtiHamiRIsof the stem
relative to thgbpdy,ithe eapmaaiinoyomaintainepndagemantof the endagement @lessrfuith the

surface 19 of the stem 13 and the stem locking dogs 65 are configured such that the stem
locking dogs 65 oppose upward motion of the stem 13, the pressure in the piston cavity

87 is directed to urge the piston 69 downward.

As illustrated by Figure 13, if the packoff seal 91 was properly delivered to the casing
hanger 53, as the piston 69 moves downward, the force of the piston 69 on the piston lock
ring 71 and its bands 83, 85 moves the lock ring 71 radially inward into the annular
recess 73 in the piston cap 75. When the piston 69 moves longitudinally downward
relative to the stem 13 sufficiently to set the packoff seal 91, the piston lock ring 71
springs radially outward, and the bands 83, 85 engage the grooves 77, 79 on the inner
surface of the piston 69. If the piston 69 does not move sufficiently to set the packoff
seal 91, the piston lock ring 71 will not spring into engagement with the groove 77, 79 on

the inner surface of the piston 69.

Referring to Figure 14, once the piston 69 is driven downward and the packoff seal 91 is
set between the casing hanger 53 and the wellhead housing 93, the stem 13 is then rotated
an additional specified number of revolutions in the same direction as before to prepare
the seal 91 for testing to verify that it is set. As the stem 13 is rotated relative to the main

body 49, the cam 23 moves further longitudinally upward relative to the main body 49.

As illustrated in Figure 15, as the cam 23 moves, the lower stem port 17 and the cam
ports 27, 29 also move relative to one another. The lower stem port 17 aligns with the
upper cam port 27, allowing fluid communication from the axial passage 14 of stem 13,

through the stem 13, and into and through the upper cam port 27 of the cam 23. Weight

12



stem in the run-in position, and to release the engagement element from engagement with the stem in
a delivery position. 5. The running tool of claim 4, wherein the stern engagement element will not
engage the stem unless the annular seal is located at a desired location in the annulus relative to the
inner wellhead member, thereby allowing the stem to move freely relative to the body if the annular
seal is not in the desired location, thus preventing the piston from driving the energizing ring to set the
annular seal in the annulus. 6. A running tool for setting and testing an annular seal having an
energizing ring. in an annulus between an inner wellhead member and an outer wellhead member of a

well, the runfifF iRl PPy PR s glstt gteism Ry dirsddp padiagemirgdas! ddupitd to the

stem and adgg¥@@d:to support the inner wellhead member;

Referring back to Figure 13, if the piston 69 has stroked sufficiently to set the packoff
seal 91 (Figure 12), the piston lock ring 71 and the bands 83, 85, will be in engagement
with the grooves 77, 79 on the inner surface of the piston 69, allowing the weight down
on the stem 13 to be transferred from the stem 13, through the piston lock ring 71, and

into the piston 69.

As illustrated in Figure 15, the weight down on the piston 69 (Figure 14) will compress
the bulk rubber seal 92, thereby engaging the seal 92 with the inner wall of the wellhead
housing 93 and forming a seal. As a result, an isolated test volume is formed above the
packoff seal 91. Pressure is then applied down the drill pipe and travels through the axial
passage 14 of stem 13 before passing through the lower stem port 17, the upper cam port
27, and into the isolated volume above the packoff seal 91, thereby testing the packoff
seal 91. If the applied pressure is maintained, then the seal 91 was set correctly.
However, if the piston 69 was not stroked sufficiently to set the packoff seal 91, when
the weight down is applied to the stem 13, the piston cap 75 will abuttingly contact the
upper body 55, thereby preventing the stem 13 and the piston 69 from moving downward
sufficiently to compress the bulk rubber seal 92. The piston lock ring 71 will not transfer
the weight to the piston 69 and the rubber seal 92 will not compress and engage the inner
wall of the wellhead housing 93. As a result, the pressure will not be maintained and the

pressure test will fail as the pressure bypasses the bulk rubber seal 92.

Referring to Figure 16, once the packoff seal 91 has been tested, the stem 13 is then
rotated a specified number of additional revolutions in the same direction. As the stem
13 is rotated relative to the main body 49, the cam 23 moves further longitudinally

upward relative to the main body 49.

As illustrated in Figure 17, the downward facing shoulder 39 of the cam 23 passes by the
engagement element 51. As a result, the engagement element 51 is freed and moves
radially inward, thereby unlocking the main body 49 from the casing hanger 53. The

upward movement of the cam 23 relative to the main body 49 also causes the upper 27
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a stem engagement element carried by the body and selectively engageable with the stem to restrict
axial movement of the stem relative to the body, the stem engagement assembly comprising a cam
positioned relative to the body and the stem such that rotation of the stem causes the cam to translate
axially relative to the body, wherein the cam enables the engagement element to engage the stem at a
first position on the stem, directs the stem engagement element to release the stem to enable the stem
to drop downward relative to the body, and then enables the stem engagement element to re-engage
the stem at a second position on the stem at a given axial distance from the first position on the stem;
and a sealdblivery Gssemblys adapted telsinportiansannlbr saad andlito selivae thepantbial seal to
a desired location relatj the inner wellhea mper, the seal delivery assembly being coupled to
the stem suc%%g%etgg%rfn%a%%% I?S{Srﬁ%@gci” gg%ﬁ%vg} e\/{/iﬁﬁe{ﬁé) (s)%arlr:/w &n eg]s%exr'rlwn récgped and
downward mevemercgithdsweeanshimited pasdewnwafdhneeamentof the aeinao§dal theseal
delivery assqiyomitioia st exiedy mavabledalatedadhesnBOd adaplag .ditve the
energizing ring to set the annular seal in the annulus when the stem engagement elenient is engaged
with the steniearrdnangubiclenpraissuieolsldppiiédrey thépisein thia ltheeasiahpassadé imthamiem,
wherein the sigsnaiithBebpavel anificieikaiEsance 1o-8nahlaihs SEM SRAAIAE Simat to
engage the stern at the second position unless the annular seal travels the desiréd axial distance
relative to th&HABEBWRAIRERNEERIDdr. 7. The running tool of claim 6, wherein the stern engagement
element comprises: a plurality of stem locking dogs biased radially inward and into engagement
with the stenThy mplimalityldf esiféntimembersicrndtedhaigin thegam isposiioked hatvikeen the stem
locking dogs.and the body in. the first position {0 prevent mov nt of the stem locking.dogs radially
outward, ancfl}h%goéﬂea?glgssglr?élaggr%’ers‘l i ?ﬁ‘é}%’fgrﬁ 162Kyt Sg}s% ?/vffﬁetrﬁéogt‘évm} BPP ﬁ%‘?ﬁ?ﬁ)ﬁ ing tool of
claim 7, whenegtive stéicatngageimenbebsethblypisiadhifiguldosbdbatdtieyesmnh ts ttansiatedtaxially
from a positignheheandepie 1004Adegs BRAIG hadk.IRSANE Mg stem sking;egs to move
radially outward, disengaging thé stem locking dogs trom the s{em, by rorfa(llllng?he Stem & given
amount of ropasikeff Sairkes ReanifdliostoflBlaipi®@nidrk singthesstesritahd phesstenteeneragerent

assembly argCoRfigiRd sp thelyite aam.sriignsiaiveuialivde pgalien sy s hgiglem locking

dogs and the body to urge the stem locking dogs to move radially inward, engaging the Stem locking
dogs with thERIEWRT BYitbeaAgiiNe Staipgatyivdpdiftiénmediootdwdier the piston has adequately

stroked.

While the invention has been shown in only one 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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10. The running to tool of claim 6, wherein the stem further comprises: a first contoured surface
located in an outer diameter for engagement with the stem locking dogs in the run-in position; and

a second contoured surface located in the outer diameter for engagement with the stem locking dogs
in the landing position, the second contoured surface being positioned a select distance above the first
contoure , 11. The running to tool of claim 6, wherein the running tool further comprises a
piston cap connected to and surrounding the stem such that piston cap and the stern rotate and
translate i unison; and . iston engagement element carried by piston cap and capable of
movemen e'f‘vb’SBHOQ ﬁ@%eocglé?on when the running tool is in a run-in position and a second position
when the running tool is in a set position, the engagement element being engaged with the piston in

the set position 10 gk YVRIGhbIsBEHRANaESH T amdhsuRe B ANhImE srRisaDivhe RrigStinsnthe

annular seal. 12. A method of setting and testing an annular seal having an energizing ring in an
annulus tﬂﬁ%\éﬁ%Wﬁﬁ@%@l%a‘ﬁ%@ﬂ%&%&ﬁ%@r%&fﬁ@% ﬁ?gr%l?ép ré’?k?emgﬂh%ethod
comprisingnning @} poavidisigea running tool with an elongated stem laving an axial passage; a body
substantially Surgo qi
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body and the stem such thatrotation o stem causes the cam to translate axially relative to the

body:; a sf@*rwgﬁ@g@%m@?ﬁ\@@m mﬁm‘]?r%@gcpw%meghead member and to drive the

energizing ring to set the annular seal in the annulus, and

wherein the seal delivery and setting system is adapted to prevent the seal delivery
and setting system from driving the energizing ring to set the annular seal in the annulus
unless the annular seal is located at a desired location in the annulus relative to the inner

wellhead member.

2. The running tool of claim 1, wherein the seal delivery and setting system comprises:

an elongated stem having an axial passage; and

a piston configured: to drive downward to drive the energizing ring to set the annular
seal when pressure is applied to the axial passage in the elongated stem and the annular
seal is located at the desired location in the annulus relative to the inner wellhead member;
and to not drive downward to drive the energizing ring to set the annular seal when pressure
is applied to the axial passage in the elongated stem and the annular seal is not located at

the desired location in the annulus relative to the inner wellhead member.

3. The running tool of claim 2, wherein the seal delivery and setting system comprises:

a body substantially surrounding and connected to the stem; and

a cam positioned between and connected to the body and the stem such that rotation

of the stem causes the cam to translate axially relative to the body,

wherein the piston is connected to the stem such that the piston and the stem rotate

in unison, the piston substantially surrounding portions of the stem and the body.

4. The running to tool of claim 3, wherein the seal delivery and setting system
comprises:

a stem engagement element carried by the both and adapted to be engaged with the
stem at a run-in position and a landing position to restrict axial translation of the stem relative

to the body, the cam acting to maintain engagement of the engagement element with the
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stem and maintained in engagement with the stem by the cam; and a piston, substantially surrounding
portions of the stem and the body and downwardly moveable relative to the stem; (b) running the
tool into a subsea wellhead; (c) rotating the stem relative to the body to a delivery position,
thereby removing the support of the cam and disengaging the engaging element from the stem;

(d) moving the stern axially downward relative to the body to land the annular s (e) if the annular
seal is de%@%'& 1B yedBasiieiBRd A FrieassURR SRIRGe RN IReMARY FRsniesagp@emeritreengaging
the engagimgstéemiernt delibctyepstdtiorin a landing position; and (f) applying fluid pressure to the
axial passage, thereby driving the energizing ring to set the annular seal in the annulus, thereby

moving thg runningstamrimatsst @IQﬂEiﬁLM,Mh@réiﬁﬂHé‘%@ﬂ' élﬁgﬁgiﬁﬂtléﬁlf%%m?ﬁm/\llﬂ?ﬁtif@nb)fg?éiﬁn ir;
t e). The method of claim, 12, wherein the stem, engagement element wi|l not engage the stern
3325(5 )théﬁaensgg?arugga |§1 BELPLS 3aolléss‘|? é:at{%odcgiialq?ﬁ' gglgﬁﬂ%?ﬂﬂérl‘ﬁ YhESIAN ‘??ﬁénﬁead

member, tPREEWRKIRARI NP thlecstdharebyralinwvingdiyerelenivie oate foerly ikt atmtilebseglifsteot in the
desired logatigay SaupiptR(ER HNIdbGRIPIRHOM HIYIPR IBRRRAIIZRGHNBI SRlitlieannular seal in

the annulus. . =~ | :
energizing ring to set the annular seal in the annulus.

6. A running tool for setting and testing an annular seal having an energizing ring in an
annulus between an inner wellhead member and an outer wellhead member of a well, the
running tool comprising:

an elongated stem having an axial passage;

a body coupled to the stem and adapted to support the inner wellhead member:;

a stem engagement element carried by the body and selectively engageable with the
stem to restrict axial movement of the stem relative to the body, the stem engagement
assembly comprising a cam positioned relative to the body and the stem such that rotation of
the stem causes the cam to translate axially relative to the body, wherein the cam enables
the engagement element to engage the stem at a first position on the stem, directs the stem
engagement element to release the stem to enable the stem to drop downward relative to
the body, and then enables the stem engagement element to re-engage the stem at a
second position on the stem at a given axial distance from the first position on the stem; and

a seal delivery assembly adapted to support an annular seal and to deliver the
annual seal to a desired location relative to the inner wellhead member, the seal delivery
assembly being coupled to the stem such that the annular seal is moved downward with the
stem when the stem is dropped and downward movement of the stem is limited by
downward movement of the annular seal, the seal delivery assembly comprising a piston
axially movable relative to the stem and adapted to drive the energizing ring to set the
annular seal in the annulus when the stem engagement element is engaged with the stem

and a sufficient pressure is applied to the piston via the axial passage in the stem,

wherein the stem will not travel a sufficient distance to enable the stem engagement
element to engage the stem at the second position unless the annular seal travels the

desired axial distance relative to the inner wellhead member.

7. The running tool of claim 6, wherein the stem engagement element comprises:
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14. The method of claim 12, the method further comprising after step (a), but e e step (b): rotating
the stern relative to the body to a run-in position, thereby securely engaging the running tool with the
inner wellhead member, 15. The method of claim 12, wherein the stem further comprises: a first
contoured surface located in an outer diameter; and a second contoured surface located in the

outer diameter, @%nﬁﬁ,qwgf@&wwa@@%@%bﬁga RenlipnebrseiachIsianssARRY SRSt

contoured surface; and wherein in step (a the engagement element is in ea%agement with the

first contotifdd R Rk PlrRelisht |W (&)2nd WhetRlD e eRmp SeRestigRad Sewe5 L Bsired
location irtdra RRRY S cgadine tiostbedniretha ditbigaakititentb eretizatengagaant of dersient Isdking

engagemggégviigaig]@ 38&%1%,CQAHQHﬂ‘édeﬁé‘ﬁé&%n{;@glﬁ%@APSF'&?Q&&%‘%@MG’d’é!5§ W&'ﬂ:the stem.

8. The running tool of claim 7, wherein the stem engagement assembly is configured so
that the cam is translated axially from a position between the stem locking dogs and the
body to enable the stem locking dogs to move radially outward, disengaging the stem
locking dogs from the stem, by rotating the stem a given amount of rotation.

9. The running tool of claim 8, wherein the stem and the stem engagement assembly
are configured so that the cam is translated axially to a position between the stem locking
dogs and the body to urge the stem locking dogs to move radially inward, engaging the stem
locking dogs with the stem, by rotating the stem a given amount of rotation.

10. The running to tool of claim 6, wherein the stem further comprises:
a first contoured surface located in an outer diameter for engagement with the stem locking

dogs in the run-in position; and

a second contoured surface located in the outer diameter for engagement with the
stem locking dogs in the landing position, the second contoured surface being positioned a

select distance above the first contoured surface.

11. The running to tool of claim 6, wherein the running tool further comprises
a piston cap connected to and surrounding the stem such that piston cap and the stem

rotate and translate in unison; and

a piston engagement element carried by piston cap and capable of movement
between a first position when the running tool is in a run-in position and a second position
when the running tool is in a set position, the engagement element being engaged with the
piston in the set position to allow weight to be transferred from the stem and to the piston

when testing the annular seal.

12. A method of setting and testing an annular seal having an energizing ring in an
annulus between an inner wellhead member and an outer wellhead member of a well, the
method comprising:

(a) providing a running tool with an elongated stem having an axial passage; a body
substantially surrounding and connected to the stem; a cam positioned between and
connected to the body and the stem such that rotation of the stem causes the cam to

translate axially relative to the body; a stem engagement element initially engaged with the
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step (a) further comprises providing the running tool with an upper stern port located in and extending
radially through the stem and an upper body port located in and extending radially through the body;
step (e) further comprises aligning the upper stem port and the upper body port with each other and
with a piston chamber if the annular seal is delivered to a desired location in the annulus relative to the
inner wellhead member: and . step (f) further comprises causing the fluid in the axial passage to
flow througfi T dB%WL?Q%%BMﬁﬁ%%SGbW@h ﬁﬁg’érf' BEd) DO IR e RINeSn 4RSABER Whereby
driving the@neurgiinggearigpns séthtbetarmantaltbe dlddytheddowhveaifdlperanasaiblesestivascdakvered to the
desired log@tipn in step (e). 17. The method of claim 16, wherein: step (a) further comprises
providing the running tool with a lower stem port located in and extending radially through the stem

and a lower bod b??ﬂkmﬁ%ﬁ% i('acﬁ'ﬂqOeétSu 'gg %ﬁ“%y%dthrough the body; and wherein the lower
while

stem port and the lower body port are not aligne in ft e set Po on. 18. The method of claim. 16,

herein: furth ises. iding th ing tool with a pjst ement element
Connected to e PTG SRR RRAH A A e kB R ST PARdeUatEs o ()

further copwpRgeRf the cam and disengaging the engaging element from the stem;
(d) moving the stem axially downward relative to the body to land the annular seal;

(e) if the annular seal is delivered to a desired location in the annulus relative to the
inner wellhead member, reengaging the engaging element with the stem in a landing

position; and

(f) applying fluid pressure to the axial passage, thereby driving the energizing ring to
set the annular seal in the annulus, thereby moving the running tool to a set position, if the
annual seal was delivered to the desired location in step (e).

13. The method of claim 12, wherein the stem engagement element will not engage the
stem unless the annular seal is located at a desired location in the annulus relative to the
inner wellhead member, thereby allowing the stem to move freely relative to the body if the
annular seal is not in the desired location, thus preventing the piston from driving the

energizing ring to set the annular seal in the annulus.

14. The method of claim 12, the method further comprising after step (a), but before step
(b):
rotating the stem relative to the body to a run-in position, thereby securely engaging

the running tool with the inner wellhead member.

1S The method of claim 12, wherein the stem further comprises:
a first contoured surface located in an outer diameter; and

a second contoured surface located in the outer diameter, the second contoured
surface being positioned a select distance above the first contoured surface; and wherein in

step (a):

the engagement element is in engagement with the first contoured surface; and

wherein in step (e):

18



moving the piston engagement element from a first engaged position to a second engaged position,
thereby allowing weight applied to the stem to be transferred to the piston if the annual seal was
delivered to the desired location in step (e). 19. The method of claim 12, wherein: step (a) further
comprises providing the running tool with a lower stem port located in and extending radially through

the stern and a lpyer hegy.Pedacaier e 9desriagdadisiyireusining agive to traftahstep (O,
rotating the stem relative to the body to a test position. theret%éa?llg%@%& he lower stem port and the

lower bodySIBrRAAEMPeraIf\iRGANGI O Y AIS QR 542 £0489 7§ REKHERG R S through

the lowersitegaegort and through the lower body port, thereby testing the annular seal. 20. The method
of claim_19, wherein: step (a) further comprises providing the running tool with an upper stem port
located imgnd extengisgheacipliaiirogohibeistern and an upper body port located in and extending

radially through tstc]gpb(%sjydr%q]edr comprises providing the running tool with an upper stem port located
in and extending radially through the stem and an upper body port located in and extending

radially through the body;

step (e) further comprises aligning the upper stem port and the upper body port with
each other and with a piston chamber if the annular seal is delivered to a desired location in

the annulus relative to the inner wellhead member; and

step (f) further comprises causing the fluid in the axial passage to flow through the
upper stem port and through the upper body port into the piston chamber, thereby driving the
energizing ring to set the annular seal in the annulus if the annual seal was delivered to the

desired location in step (e).

17. The method of claim 16, wherein:
step (a) further comprises providing the running tool with a lower stem port located in
and extending radially through the stem and a lower body port located in and extending

radially through the body; and

wherein the lower stem port and the lower body port are not aligned while in the set

position.

18. The method of claim. 16, wherein:
step (a) further comprises providing the running tool with a piston engagement
element connected to the stem and engaged with the piston in a first engaged position; and

wherein step (f) further comprises:

moving the piston engagement element from a first engaged position to a second
engaged position, thereby allowing weight applied to the stem to be transferred to the piston

if the annual seal was delivered to the desired location in step (e).

19. The method of claim 12, wherein:

step (a) further comprises providing the running tool with a lower stem port located in and
extending radially through the stem and a lower body port located in and extending radially
through the body;
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wherein the upper body port and the upper stem port are aligned while in the seal test position 21.
The method of claim 19, wherein movement from the set position to the test position is accomplished
by rotating the stem in the same direction relative to the body as in step (c), 22. The method of claim
19, wherein the cam moves axially upward relative to the body when the stem is rotated from the set
position to the tes!& osjtion,. 23. Thetﬁlgthod of claim 19, wherein the method further comprises:

rotating the stemTSTative 1) thatat MR SRl daitimhedy FrR 4RS! BostiRth taseskppiieniaging the
running tobEffewetisteimreriveithtredowentixety port; and

applying fluid to the axial passage, thereby causing the fluid to flow through the lower
stem port and through the lower body port, thereby testing the annular seal.

20. The method of claim 19, wherein:

step (a) further comprises providing the running tool with an upper stem port located
in and extending radially through the stem and an upper body port located in and extending
radially through the body; and

wherein the upper body port and the upper stem port are aligned while in the seal
test position.

21. The method of claim 19, wherein movement from the set position to the test position
is accomplished by rotating the stem in the same direction relative to the body as in step (c).

22, The method of claim 19, wherein the cam moves axially upward relative to the body
when the stem is rotated from the set position to the test position.

23. The method of claim 19, wherein the method further comprises:
rotating the stem relative to the body from the test position to a release position, thereby
releasing the running tool from the inner wellhead member.
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