RUNNING TOOL Field of the Invention: This technique relates in general to tools for setting and
testing well pipe hanger packoff 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 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 havinggé%‘&ﬁ@gnlgél'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 theHigdllioéHaedomenitenan 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, cempmiing ARk PAMRIAGH, itk AR tveibots FoRIayiRGd 2StiIRF IR PAsK Qi ghPaskrbiseal is
often delivered to a Iandi%%e osijtion by a drop or longitudinal dJownward movement of the stem of a
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seal, the searaveyicalsetmtiiy iotarpackptisitaniniae inanfssgiwnee 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 8 @k mﬁhtg? Are 'ﬂﬂcﬁ?t another seal. Furthermore, if the running tool piston does not
stroke the pagkoﬁcr seal sufftlc%ent y 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>4iBkR Wetha! GdMP SRGRENGH RIEHhIYIE AP LaRAD SRR HREr bR Y Fblems.

floor. One or more strings of casing will be loeerinto the wellhead from the surface,
each supported on a casing hanger. The casingehas@ tubular member that is
secured to the threaded upper end of the strir@asing. The casing hanger lands on a
landing shoulder in the wellhead, or on a previgpusstalled casing hanger having larger
diameter casing. Cement is pumped down the swtingasing to flow back up the
annulus around the string of casing. Afterwardyagkoff is positioned between the
wellhead bore and an upper portion of the casimgéa This seals the casing hanger

annulus.

Casing hanger running tools perform many functisunsh as running and landing casing
strings, cementing strings into place, and delnhggrinstalling, and testing packoffs. A
packoff seal is often delivered to a landing positby a drop or longitudinal downward
movement of the stem of a running tool. Howeahe stem does not travel a sufficient
distance to properly land the packoff seal, thd sesy be set in an incorrect position.
The consequence of an improperly set packoff seglmasult in a running tool becoming
stuck in a hanger, or alternatively, may requineesal trips to retrieve the seal, clean the
area, and set another seal. Furthermore, if thaimg tool piston does not stroke the

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

A need exists for a technique that ensures thahckqglf seal is landed in a correct
position and that the packoff seal is fully setthg 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 tool 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 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 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 stem relative to the body. The cam talil
acts to main‘?éiﬂ]m%rgqﬁngeemgﬂ%?%e engagement element with the stem in the run-in position, and
to release the engagement element from engagement with the stem in a delivery position. A piston is
connected t&t&s seenbedivhethiapthi pistnsanid terhBiene rAaty 1I0mhison STHiB @it alendally

surrounds posigaf QLG araINbIBE Ryl SHNaUYERAN A6 AECas iR igusya ruaning

tool for setting and testing an annular seal having an energizing ring in a subsea well has'a member
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indication as to whether the member delivered the annular seal to a correct location in the subsea
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thg _stem suebsthiat a&iatinanﬁlﬂtiersta‘rtheasteeﬁ rt#la_tnmngtdamsrarte ezl laiiedety eotntiirthiodyneA cam
tail is connected to the ﬂg\ﬁch that it tran%l%ljes in ltjn\ll\ﬁ&n t\f\{lth.sg[hﬁncam. A stem. glqa%%@%nt element
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body to a d(ﬁl_very position, thereby removing th cam tail and disengaging the engaging
element fromisteNsishstamicalycsh moovsls RAHIBNGEHeasterd aBeodythe body to land the packoff. The
stem engagement element is reengaged with the stem in a landing position. While in the landing

position, fluigh pASEHBAgIRRPHES tthEhe @dahpassiagq i ke rwemdoferusaiihe Backalttpgedrmnd seal,
thereby movinﬂ the run?'wg/tool to a set Positio.n. Brief D scriﬂtion of the DraV\c/jn S: .
annular sea INng an energizing ring in a subsgdbhas a member a agted to position
the annular seal within the subsea well. A pisgadapted to drive the energizing ring
to set the annular seal in the subsea well. Amgegent system is adapted to provide an
indication as to whether the member has delivdredahnular seal to a correct location in
the subsea well, thereby ensuring that the anrsdak is set in a proper location within

the subsea well.

In an embodiment of the present technique, a medisdtting and testing a packoff seal
of a well pipe hanger includes providing a runniogl with an elongated stem having an
axial passage. A body surrounds and is connecidtiet stem. A cam is positioned
between and connected to the body and the stemtlsatclotation of the stem causes the
cam to translate axially relative to the body. actail is connected to the cam such that
it translates in unison with the cam. A stem eregaent element is initially engaged with
the stem and is maintained in engagement with tem $y the cam tail. A piston
substantially surrounds portions of the stem amdhibdy and is downwardly moveable

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



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 Iocking dogs, of the running tool of Figure 6.
rotatedd renaﬁ % to the body to argeﬁverygposﬁ]’ltWHeby remov?ng the support of the

cam tail and disengaging the engaging element ti@rstem. The stem moves axially
downward relative to the body to land the packofthe stem engagement element is
reengaged with the stem in a landing position. 1&/im the landing position, fluid

pressure is applied to the axial passage of thme stecause 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 damsted in accordance with the present

technique.

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

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

Figure 4 is an isolated and enlarged view of tletopi lock ring of the running tool of
Figure 1.

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

in position.

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

inserted into a wellhead housing.

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

Figure 6.
Figure 8 is an isolated and enlarged view of teendbcking dogs of the running tool.
Figure 9 is a sectional view of the running too&ifanding position.

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

Figure 9.



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 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.
g Figure 11 |s% sectional view of the running tgoglset pogtlon.

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

Figure 11.

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

Figure 11.
Figure 14 is a sectional view of the running teoditest position.

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

Figure 14.
Figure 16 is a sectional view of the running teo&irun-out position.

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

Figure 16.
Detailed Description of the Invention:

Referring to Figure 1, there is generally showrearbodiment of a running tool 11 that
is used to set and internally test a casing hapaekoff. In this embodiment, the running
tool 11 is a two-port casing hanger running todhe running tool 11 is comprised of a
stem 13. In this embodiment, the stem 13 is altwmbuember with an axial passage 14
extending therethrough. The stem 13 connectssonpper end to a string of drill pipe
(not shown). The stem 13 has an upper stem paahd lower stem port 17 positioned
in and extending radially therethrough that allowid communication between the
exterior of the running tool 11 and the axial pgssad4 of the stem 13. The stem 13 has
an upper contoured surface 19 and a lower contosueidce 21 located in the outer
diameter of the stem 13 a distance below the Istem port 17. The upper contoured

surface 19 is spaced apart from the lower contoswei@dce 21 a specified amount.

A cam 23 is a sleeve connected to and substansalisounding the stem 13. In this
embodiment, the cam 23 has axially extending dloté shown) along portions of its

inner diameter. Spring supported anti-rotationsk@yot shown) extend radially from an



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 a strin of drill not shown e stem an upper stem
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commun|camm\be)mem’néhemﬂﬂmmefdhemttmnegatdbbldamﬂﬁhetmlalheaeagealérm‘ the stam 13.

The stem 1 as an upper.cg conto ed S)l(.{l‘a 9 8 d a I%\_{ve{ ﬁon,\tlokiae% face 21 gc ted in the outer
diameter of the stem dsspance elow ower T pOIT 177 Thé upper ESAtOuFEd SUNACe 19 is
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slots (not sho along portions of Its inner diameter. upporte ys (not shown)
extend radidIRsitemedn in and extending radially therethrougfattallow fluid communication

between the exterior and interior of the cam 23ie Tam 23 has an upper cam portion
31, a medial cam portion 33, and a lower cam por86. The cam ports 27, 29 are
located in the upper cam portion 31 of the cam ZBe medial cam portion 33 has a
generally uniform outer diameter that is greatantthe outer diameter of the upper cam
portion 31, thereby forming an upwardly facing aanshoulder 37 on the outer surface
of the cam 23. As the medial cam portion 33 ttamss to the lower cam portion 35, the

outer diameter of the cam 23 decreases to sulatartie same outer diameter of the
upper cam portion 31, thereby forming a downwardging annular shoulder 39. A

recessed pocket 41 is positioned in the outer cairfd the cam 23 at a select distance

below the downwardly facing shoulder 39.

A cam tail 43 is a sleeve like member connectethéolower cam portion 35 of
the cam 23. The cam tail 43 has a flange like uppeion 45 that rides in the pocket 41
on the outer diameter of the lower cam portion Bthe cam 23. The cam tail 43 and the
cam 23 are connected to one another such thaathdail 43 and cam 23 move axially in
unison, but the cam 23 rotates relative to the mh#3. As illustrated in Figure 2, the
cam tail 43 has a plurality of tails 47 that extesdally downward from the flange

portion 45 of the cam tail 43 at select intervatsuad the perimeter of the cam tail 43.

Referring back to Figure 1, a main body 49 subgibytsurrounds portions of the cam
23, the cam tail 43, and the tool stem 13. In #nsodiment, the main body 49 has
threads 50 along portions of its inner diametet theeadably engage the threads 25 on
portions of the outer diameter of the cam 23, dhelh the cam 23 can rotate relative to
the body 49. A medial portion of the main bodyhtfuses an engaging element 51. In
this particular embodiment, the engaging elemens%ilplurality of dogs, each having a

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



outer diameter portion of the stem 13 and are captured in the axially extending slots (not shown) on
the inner diameter portions of the cam 23, such that the stem 13 and the cam 23 rotate in unison. The
axially extending slots (not shown) allow the cam 23 to move axially relative to the stem 13. Portions of
the outer diameter of the cam 23 have threads 25 contained therein. The cam 23 has an upper cam
port 27 and a lower cam port 29 positioned in and extending radially therethrough that allow fluid
communication between the 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 portion 35. The cam ports 27, 29 are located in the
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diameter thatregraafacthah heasitey dianyeie’56f (Reyuppes) catieperigigdindhereleyntanmbig an
upwardly fa%irq aarércliu\lﬁtlrthsq%l%eg %7 gjn th% I_O% r si.%acr?n%frthe o2 e23. Ag tlhne my é}lrinaé o) plgrtion 33
transitions t6 tHe Jower Cam por ion' 3 ,a{ﬂ% QutSr diameter of The can 23 decredses 16 Subs antially the
same outer thidiadstér obtitactpiibr aaouperioraE, Hostiebthoam@a. downwardly facing annular
shoulder 39. A recessed pocket 41 is positioned in the outer surface of the cam 23 at a select distance

below the dawnyyarcHy,ieH% SRBINGEId to AnCappéribARithIREYDHEKS IEMARE RRORGIAY 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
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cam 23 are pasnes@d 87 angcramiperssliciy thas rerarcaightallihe andigasbrmminaisxidlinieenison, 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 tHAFAEAG SRS ABHRN A ARG B RTORER RS S SRR 29 16 dolRbShrervals
around the peritoaterf cidhaaiarbddy 48, Refe miaghbask/tad-igatiowen vodin 3®dyt4s substanjially
surrounds portions of the cam 23, the cam tail 43, and the tqol stem In this . embaodiment, the main
body 49 hasg dr%a@s? 56} %I'gnlénﬂ)%%bns Onl} sﬁll r?ﬁri%gmetggt}ﬁaa ﬁ?éla aﬁ§{%ﬁ%§§éaﬂ¥et r(r)eugjqu 250n
portions of thietsubdr thatrmterof theatignh?2Guglichehlattbe lcddy 22 dearotatear|afvis teabar dlydy 49. A
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engaging element 51 is a plurality 0gs, each having a smooth inner surface and a contoured outer
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engagement element 51 is engaged with the casing hanger 53. The inner surface of the engaging

element 51 B3nAIENEBRGRIEMEN BRI EPSiivaes pitterns Hiawaieref e bepERBsap 55is
connected tghaimidppaitiearioRAbREHRAIY kmlxéﬂga gh%@@ﬁ@%é%l@'ﬁ&\iﬁ?%@%b@@wﬁé act as

an integral body, movina in_unison. The upper body 55 has a port 57 extending radially therethrough

that allows A% HARUARARS REANRHIPhEIRESTFRE BRHORL SHIRE HHRIDH PSS ORINRA body
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as an integral body, moving in unisaqn. The tail portions 47 of the c il 43 ext axi roug
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lower portiothef &meyémeardmdyl&9entdciilistantrzie duwinhnitie piitans ahibheeosrodanel, atd the stem
13. The beaying cap 63.is an integral part.of the main body 49, and lower body 59 and as such, the
stem 13 are O G B L P s A ke S8 Bt e
inner diameserrfoicee bbdhiegstap 68ckinthidgesticaldrasmbodineheriaesentzainghelenengegds a
plurality of sigyh, g% 498 AR Laving 2 epniouEiNahaIAGHAES SBRLoutes eUrigoe. The
contoured inner surface of each engaging element 65 is adapted Yo ergage the complimentary
contoured sUF%:éhselg,em lopking &9@‘3 ﬁ?rf‘a@@v@fdhecé%h‘él@t‘ﬁwrﬂ fagineg: 9)riaken ﬂfethe
engagement slageal 6.ifeRgaGR Wit e e doriiteR e riment«dhe fewny s s

surfaces of the contoured surfaces 19, 21 and the corresponding surfaces of the stem locking dogs 65

have a tapefayeRapenssathafiaheiresdadbls avhAdaeThBtWnen $rROJERS 13 HRTAENPIOstem

locking dogg 6 ere@dnsasadpiteteoiige hensienking dog HassdaspiuedthycrvesR!Yotrmypward
facing surfaces of the contoured surfaces 19, 21 and the correspondjng surfaces of the stem locking

dogs 65 halPdG&reralll BaCORHY &4 tAemBBHRRENPE MR NIRBIGIAGAL &P 4% iR Hotion of
the stem 13getptieniertheigianeleckipg rdeam bl wilkbedrposstisey thesters seekingdogs 65. The
contoured outer surface of the engaging element 65 is initially in engagement with the complimentary
lower contoured surface 21 on the stem 13. As illustrated in Figure 3, a resilient member 67, in this
embodiment, springs, are positioned between the engaging element 65 and the inner diameter of
bearing cap 61 and act to bias the engaging element 65 radially inward. The tail portions 47 of the cam
tail 43 are initially positioned between the stem lock dogs 65 and the inner diameter of the bearing cap
35 such that the outer surfaces of the stem lock do§s 65 are initially in contact with inner surface
portions of the tail portions 47 of the cam tail 43. In this initial position, the tail portions 47 of the cam
tail 43 prevent the lock dogs 65 from moving radially outward due to the force applied by the stem 13,
thus maintaining the engagement of the inner contoured surface of the engaging element 65 with the

lower contoured surface 21 of the stem 13 (Figure 1). Referring back to Figure 1, a dart landing sub 68
ic connected to the lower end of ctem 12 The landina <i1itbh AR will aect ac 3 Iandina noint for an ohiect



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 first direction relative to the main
body 49 causes the cam 23 to rotate in unison and simultaneously move axially upward relative to the
main body 49. The cam tail 43 is 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 uniscfn with the cam 23. However, the c%r?n %3 r%tﬁlé%s elative to the cam tail 43. A
piston 69 sur UHRBiE tg?n':ig'“gﬂdgsuﬁsfﬁﬁ'l!fﬁpbdﬂﬁm df e bsp %@@g'Hn(f'ﬂﬁ@gﬁaiﬁrﬁody 49.
The piston G istioreacictewdorthhestamalBnoyalemyenit & Pistintkeckisimgtét of be aisigoapakirimgd7 1 is
positioned in an annular recess 7.3 on an outer_surf portign of, a piston cap 45. The piston lock ring
71 has & co NG o i B B AR RS B DRRRER T F SERL
outwardly, 43l &eninidikylynposittaoeditieaveem phien stetaryomigih i exhduttiacia ner ahaimetersaf fiee
portion of the pj ferr igure 4. in thi %o ' t % % ner.syrface of the
piston 69 co@n%ﬁ@?ﬁpe%%g%%%ﬁ% gl.’lttél?l %E}IE%;% o] |ment1,6t Ee%%%%gr‘r% @uﬁelrt%,ur}/%ﬁée of the
piston lock reegtRLtoEtNpNses sWdanentati @2smasthe, tabtmarch Aahinaceanthi 3,385 sthisoribalically
complimentay e 2AGRIIAR oriorkd4 8 Lo ifiabintne ROAMAR PANISRR, Gyl dBerRiaan dofigring 71

are engaged with the grooves 79, 81 on the inner surface of the piston 69. Referring back to Figure 1,

the piston 65P@izlbhRiEwareb thiestomtng JacseirRRligstalys INeREAR wWithitheraiiaitanéR also
capable of reqyamantaKialYHE IR tothe semsliaddistaraaly Qeriamiesr GifHsircaaibetween

a portion of the piston 69 and the piston cap 75. A settin% sleeve 88 is connected to the lower portion
of the pistorFBBICHER RS REE B Spbd 3 iBIERyYing 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 sealFafdayirlyibiackihe EigergiZing dagt 3andovensudr b 8aimeked betisedd 92riepdsficted in an
annular rec a-|<mg auter di ar [ ' e the ' e The packoff
seal 91 will 2_58? to seé%ﬂ?éﬂya%?r%%g%ﬁe?%g%g%ﬁ@s@i%ﬁ%ﬁ%ﬁﬁ%ﬁsﬁgﬁS I%gféﬁ&gv%gr@ properly
set. In operdmolowreegisntn B isteinidBy iNhesotiecabjgstitiudadadviiirstom poeied SUD768né cam

ports 27, 29, AndcihesupResIbaAY AR S o Rl ISRRKAAANGIRY 25 Shown in Figure 1. As

illustrated in Figure 5, the running tool 11 is lowered into the casing hanger 53 until a shoulder on the
outer surface of the_mg%i# bodg 49 of the running tool 11 conta%ts En upper end surface of the casing

hanger 53. THE (ABIAPRIN G 59 G HARE S EABEE T W HIESF R RGIIE LSRR ERPY ST at the
rig floor. Asiititegjratigdconhiggtiesl Go ante dhethnsisbadyhd® tfape imnmisgrioolhé andrilsdastdy hanger

53 are in abytting contact with one anqther, the stem 13.is rotated a cified nu r of revolytions
tative to 010 o0 8. RS HE S S O/ HEIa AR i d LI 08 P00 RSt 2 moves
longitudinally @pfivat dlirelctive thlathvaitoibdyntin Ao tyed@ase 2 hmoaes 2anttuatadaliy woveanrd atick
upwardly faging RRAUIIR F80dNS Aiter AiIAGS LIS e TR KON 3Rk fhe pagaging
element 51, torcing it radially outward and'into engaging contact with a profile or recess in the inner
surface of connected to the cam 23 in such a manner thaiagotaf the stem 13 in a first direction

relative to the body 31 causes the cam tail 43duenaxially upward relative to the main

body 49 in unison with the cam 23. However, the @8 rotates relative to the cam tail

43.

A piston 69 surrounds the stem 13 and substantidions of the upper body 55 and the
main body 49. The piston 69 is connected to thmsit3 by way of a piston lock ring 71.
The piston lock ring 71 is positioned in an annukress 73 on an outer surface portion
of a piston cap 75. The piston lock ring 71 hao@atoured outer surface and a smooth
inner surface. The piston lock ring 71 is biasativardly, and is initially in contact with

a complimentary contoured surface on an inner sanf@rtion 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 cam 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
Jooked t6 R BIA G g o1 £ G (RS B3 S ARt DI 6o (not
shown) unticthremésisgerggodl e e s/, I8! imthidssehmwmiyehbeat foovsing B8r Sudazpeodtor then
pumps cement down the strin rough the casing, and aa&ﬁu nannulus syrr un%i t% casing.
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same directgeoacbefally. casnblgrstotary3dsaathtgiomiative &xhmitiaiy, bbdyandutae lwamL83noves

further longigudial. ypuarcdelafive 0 e WA BaE A RaNe A nakes uiher fapaltypinally

upward, the cam e tail"portions ove up ative to the stem locking dogs 65. As
the cam tail 8 Risi@ssG8ngitudinally upward, the tail portions 47 of the cam tail 43 move out of contact
with the stem locking dogs 65. The contoured surface 21 of the stem 13 and the surface of the stem

?Ckin&dogﬂﬁfeﬁr’fﬂQmwledﬁfghﬁé Q,Qﬁ?m@ﬁfﬁ B!ﬁl@%bﬁ[ﬂl Iﬁkﬂ‘i@rﬁééa} r%%ﬁu@i%ﬁﬁﬁtﬁméﬁqwng )
OgS causes the contoured surtace to Urge t te OCKINn S outward. ere, the Welg t
e W e R B R R b S P ST L e
contoured sprfiswR tavity inectiamblocking dogs b mxoegundba tfrte gfishensgdiagd te(pistore 3)

acting on the geing dogs 02 lomantalp ihem i endagemeniuith he gopoured shface 24,0f the
stem 13. As a'restult, the forcés on the Stem locking dogs 65 move them radially outwards, théreby

disengagingstitrgiatedd: F8cateas 48 mnb@izingertogdtd mésidognevers iqrapkudirsaiy) Bbwhongridsrelative

connward RIS o ek 8 e LS RO BRI pa R e AN B R 1

also move dbwmamff@aabak@wwmthﬁw@@@gﬁimg m&xmon@wdiwlﬁwhmaﬁwé&i@ to the
main body 45, uil8§ rakelhRem Ok aakes GaytRe YRR LINA CHE 68 IRISPABWERIES Sitling

on the casing hanger shoulder. If the piston 69 and the stem 13 traveled sufficiently downward to

deliver the pRRIKBE §16\G188. thENGaRARKOIASGE} 83, Witk actARIJER d8590MDRS-BRJAGR BHbSea
contoured SyEARBAEPIRILLRSEIEBUIDS) inFrieRshi g8 anMIBE, RASTHIRAGT Breisunniagytool 11.

As will be discussed in more detail below, if the stem lock doas 65 re-engage the stem 13, then the

stem lock ddyS65QHEEhAMEHE st 1S8R ROUS iR FRMIBH Ay adie BRELFURRNSTed to

the piston 684ayspbihsPaekeffsadlGh. dheveerehel Heshigmgutl dogs 65 do not re-engage the stem
13, then hydraulic pressure applied to drive the piston 69 downward to set the packoff seal 91 will urge
the stem 13 tq || ' iGi essure wi [ ' r et the
seal 91. Thé& gggégﬁm%gésn@’égg ttegé’s%?réj t@ @%éhgt%%ﬁ%@cgl g%%rﬁég ﬁ??i%gs@e%% %gdr%g\g?rg\@e a
sufficient distapididles aslithe tgeaskdtioseal Shaonain dasihgthegensRargeb-khgagtatthestem lock
dogs 65 to thetem13s The-coBaHEHRIRRERdSr 33 OFtHEGIRIMdS adine stesadarking,dgus 65
are configured so that when the stem 13 and stem locking digs 65 are engaged, an upward motion of
the stem 135&IRgE (6$H hahifosurReded PBSHPH dERPPBEed 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 issapipbectéaein thigursas, iodation thaihthe dyetateckingifgas @S haxednticcogsiggd the
contoured sgrface ]é? of the stekr)nt 3, and Isg ar.'{ri]ndicationén?%t tlj[‘le stiron 13 d{'d ngt travel a}.stficient
distance to G tRE SEEKOFFRRAIEY f AL ALY MERGLCEHEISENL faiRntUatRE SphSElEan
reciprocate theribadofy stohgiopsarediativestouthi tha! pacicy e dh8 kensHesie motegeddediaisve tbof the

way to a"omgerﬁé’uﬂt‘%‘g%ié{”rﬁ%ecja%o%?ﬁ@gg&ﬂ@%ﬂ&oﬁn%’h%?a%%ryaﬁ% ?ﬁ%"?ﬁgﬁw“dﬁ&wﬂ& 6.

However, if the stem es not travel long pward, or travels only a limited distance relative
to the main Bedihaaed Ihivayes posisivedindibationverat the siskvataxing sy @y Rlverribaged the

contoured syrfaged }atIngrsigen inads Hakdae YR WHARAR)iIAS WA BilapaRiiydeliver the

packoff seal 91 to the casing hanger 53.
radially outward and into engaging contact withrefite 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 stem 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 housi 3 and the casing hanger 53, the axial passage 14 of the stem must
b sealed AR TR ATSPEN G KNSR (R AR A Cal00 DA 5P e Sefts 195 The
solid dart 9% lend=Bimthe:falotigiguslina 6 uiheeedytheategnthbBSIE trad aftiperste?7, 120, Relt thieg to
Figures 10-12 f(leuig ODJeS%‘#{%J}S aﬁr%%n acﬁ{()a"(rae Hown otf(l)% éjraill %’ﬁe and travels through the axial passage
14 of stem 13 Before B’a{jssing througrﬂ e upper stem por{II ,ethe 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 réRIfGHAIE thefrgifthd 1861 the SapoktiB1e B ktAaIvh URWRGHrdBel catRdaib 4R the
packoff seal gy i aqhilpbrat WrRERODBMBRS HORLVE & 3RRaBLAR § 3D §o b8 PRSI v Tficient

distance to deliver the packoff seal 91 to the desired position relative to the casing hanger 53, the
running tool S WA PeRHPR Phike FurUNg14Rint betht) FAr1ReHA(iBhFHral 8% Bl stem
locking dogs@spaave petiiendsiaae tbekaen stedsuifreerPaiiie sirMeAgaydrrarpiessidetsnapplied
down the drill ipe, the build\(l)JJ) ofr%ressure in the Piston ca}/i 87 will produce a force to drive the stem
13 to move Bﬁéﬁ?g 18 I%(ﬁ%)%etﬂé%gﬁeb%jdﬁ Bt te running tool 11. An insufficient
pressure will be applied to the piston 69 to overcome the force required to set the packoff seal 91.
Additior)allyﬁheajitwememd@nlﬂs raagt m_w@h@gﬁnﬁﬁm@@@ @wylrmmha?,thherwwng
preventing iy Eﬁeaﬁﬁrﬁg%ﬁ%q{%&%@'%@I&\%’Mo{aa@rﬁgeﬁgﬁf SRBWANERIFIAR Basapy! the
setting sleeve 88 will not be driven downward relative to the stem 13. Howevet, if the packoff Seal 91 is
delivered tohﬁ@@]ﬂ_bﬁ@r FUHRRDIO ITESttHe @@@Uﬁ_%yvﬁiwwaem@igﬂﬁf@@fotﬂ@ﬂv@w packoff
seal 91 to the ARsiFesbIRSHRN SRIAEYRHR I CRRINCHBARDSARR oSFeMBRKNS ARAM B Y/The
re-engage the stem 13 and the stem 13 will be secured to the main body 49 of the running tool 11.
When presstfté'i¥applied 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 anktlilkusetited dheEigrBS8 8lothpveiedtd 3as thre peretiofl specifiddAnliftibg fatadditibeapiston
cap 75 will itted. to t ey (o) ec ft em 13
and the sten I B B e e Aoy AR AT SRR AR 1o e Bl
motion of thbastigrA9 3htheqregsumoivethé pizes narwiitd Balydipe crldtteeuig éhdansistdrod9 d8wnward.
As illustrate [ o %ﬁét’. (PRGE ' [ 3, as
the piston Gg‘%{g\ge%sgcﬁ%%vﬁég,sﬁ%&%e of Iﬁe}drl?{satg)r}ljﬁg on%degégf‘;@? T{c?cg?fﬁ%ﬂ%l@ %In its%ﬁaénds 83,
85 moves tf@ld&@\fmgﬂ?\mfﬁﬁﬂiéﬂlﬁ“\(\ﬁ/% ]2 ﬁﬁ%dﬁgm%éé% ﬁﬁﬁnthfé prstoriadlaf Iy SNQVAEN the
piston 69 mpyes:| gy q@J&m?\swﬁMar e 49 BrarsaamaliSisuisiendyitorseiibe maskafiseal 91,

the piston lock ring 71 springs radially outward, and the bands 83, 85 engage the grooves 77, 79 on

the inner suff&fe BICHBDAES 69: 1FtHE SRINVES BEdacs: ARRBEIRidR ARHE st iagRidi%eal 91,
the piston logieing dldnyilogs TYiaLLiNip SREASS MRATIVHBIRMERRV B the /S aR the jaReisudace of
the piston 69. Referring 1o Fiaure 14, once the piston 69 is driven downward and the packoff seal 91 is

set betweer MeSEBAGCKLILEPSS & FaHasRT SNt IS A a,’ﬁ?e%%efﬁa}l% HERR LR IR
additional sgeciadauimiesef neeolutighs of the semeldirestithas heéore exotepaiaibessah@l for

e e L PR B P R G s moves
65 exceeds the force of the springs 67 (FigurecBn@ on the locking dogs 65 to
maintain them in engagement with the contouredaserPl of the stem 13. As a result,
the forces on the stem locking dogs 65 move thehalig outwards, thereby disengaging
the stem 13. The stem 13 is then free to drop randes longitudinally downward

relative to the main body 49, in a delivery positio



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 is then applied downward on the drill string. This is referred
to as the running tool 11 test 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 71 and the bands 83, 85, will be

i ith th 77, 79 the | .of the pist 9, allowi h ight d
on the SiemAT8 Fh gL PSS AT V3 OB ARG RN piston”
69. As illusttadey indighee diStdhesfeighd dmtingnsiee\rs&s) GeiFigeket43euill sonysesaideebulk

rubber seal 92, there ngaging the seal 92 with the jnner wall.of the wellhead housing. 93 and
o & s R A R it e I o ba B IORRA A R 8T
then applieditomaithbathii4Spemthithérpaelotheead B the akddiphastigeithé rahstens @ hefoyerga®sing

ihrough the uier SERAARILIT s HORE! EARIh SR SPlpisd ol 50s Ui packr

seal 91, thereby testing pac e app sure Is maintained, then the seal 91 was

set correctlﬁﬂm&,dﬂm@@owwm&f H@ﬁ fresketf %@Wt@@@%b%ﬁlﬂ{dﬁﬁséhﬁﬂﬁmen the
weight dow%ﬁg’ﬂﬁ%%?@%ﬂb% elBeRBIAD G Sortdll SRnTingbnrentasiile LpperRady S5,

thereby preve he stem 13 and the piston 69 from moving downward sufficiently to compress the

bulk rubber 384n82angiBhRISH MR HRE HNAIMIGOkdhsHiBRe disfysersiticPRRATILPRIME rubber
seal 92 will FaheaipraseieneReR 98 Ehgydeeihwalph the wrlkieacibouatgs s Afl 2 hapwtiie

pressure will not be maintained and the pressure test will fail as the pressure hypasses the bulk rubber

seal 92. RefdfiiAd tbRigEr8%1 8, "GACHINS PRLLBFBCKPY PRI © ABR e {tR P 4%1Q $6EHotated
ah specifieg (02 r?éaldsziit.ioIPfftiva@\@h,Jtimt)tg’ﬁeirlsutttchﬂ a?nealldggﬁmméA@Tm@ég@ngﬂéé@mtmdmelﬁtive to
the main bogdy 49, the cam 23 moves further lopgitudinally upward relative to t ain y 49. As
lustated i BB Pr e e BRI BT P S ARRE 2 % BASHS EAL Bdaiimen
element 51.ukgeatresslietihd @ngdde arehireaffienhb bisdsaki laa d reatess tradidy the/gpididhedoby
unlocking thg main bg%/ élgtft'hoems i‘{lf gfsing hanger 53. The upward movement of the cam 23 relative

to the main Swy\ﬂgralso causes the upper 27 and lower 29 cam ports to move relative to the stem 13.

As a result, both the upper 27 and the lower 29 cam ports align with the lower stem port 17, thereby

allowing fluid R@PPSiAieRE8A BERVefRNladhsaieayd d ieriene HHif steahd3Hwaetiamelest dhe main

bOdY_ 49. Thﬁﬁﬂ@i@ﬂ@d@@éﬁée%’ﬁ@%b&@ﬁ&&%ﬂ fé@ﬁltﬁ_!ﬂﬁ@’%ﬂ@ﬂf@%@ﬁ%é'@ﬁd eEaHyagen the
running tool 11 will travel throu%h the lower stem port 17, into and throu&h the upper 27 and the lower

29 cam port'SAERIBEYIFRIS Pril? BBEYSIRIN thére bY I FANRBIERCAM Aol ihe stem 13 and

the stem locking dogs 65 are configured so thatwmthe stem 13 and stem locking digs
65 are engaged, an upward motion of the stem Hiiwvelto the stem locking dogs 65
will be opposed by the stem locking dogs 65. # ftem 13 moves more than a limited
distance longitudinally upward relative to the mhody 49 when the tension is applied,
then this is an indication that the stem lockingsl65 have not engaged the contoured
surface 19 of the stem 13, and also an indicatiat the stem 13 did not travel a
sufficient distance to deliver the packoff sealt®1he casing hanger 53. In this instance,
the operator can reciprocate the landing stringaag down until the packoff seal 91
pushes enough debris out of the way to allow thtaroed surface 19 of the stem 13 to
be engaged by the stem locking dogs 65. HowevVehei stem 13 does not travel
longitudinally upward, or travels only a limitedstince relative to the main body 49,
then this is a positive indication that the sternoking dogs 65 have engaged the
contoured surface 19 of the stem 13, and thattdma 3 did travel a sufficient distance

to deliver the packoff seal 91 to the casing hab@er

10



The running tool is an effective and efficient technique to ensure that a packoff seal is set in a correct
position. The stem locking dogs provide the operator with a positive or negative indication as to
whether the packoff seal has been delivered to the correct position. The running tool is also an
effective and efficient technique to ensure that a packoff seal has been fully set. The piston lock ring
ensures that a pressure test can only be performed if the piston has fully stroked and set the packoff
seal, providing an operator with a positive or negative indication as to whether the piston has

d tely stro Whlth tion has b h ftf it should b t
o those SkIBHNE APl Bl i RUEFoBE s RSB e OYE ENale S URRBLE i partng

from the scafistar¢be timy emipen. st@ianmlsrt]J.Sﬁdﬂmhelmmmteﬂ!éblefmmtwgmﬂﬁetappﬂg leodgparar seal
(92) havmggr? efnt%r‘gl %3@8‘#88)5 three nrélflllggl b§t¥||/ ﬁ?ﬁﬁm er eéltr\}\?eaedn hember 533 and an
t o comprlsmg

outer wellhead Thembet Aning a seal%ft(af"l ry Rrand- setting
system adaﬂt@@ftmposimmnﬂ&ammmlumplsm @th 8ie Adrivdldidmiseechithaine eleiadibelasmember

(53) and the,gureriellneargnamRer O nd o e e pReilzaa g Eda SR Wpnnyar seal

(91) in the annu us, wherein'th elivery an ting system is adapted to prevent the seal

delivery anmnmmmlﬂdﬁodheuﬁgstﬁe earyigingmng @9 prrlgbetnettinasigeyeatgonllingne
annulus unlméﬂ%gmpé?@gg%ésgggp%d at a desired location in the annulus relative to the inner

wellhead member (53

Referring to Figure 11, in order to set the paclsafél 91 between the wellhead housing
93 and the casing hanger 53, the axial passagé the stem must be sealed. A solid
dart 93 is then dropped or lowered into the axedsage 14 of the stem 13. The solid
dart 93 lands in the landing sub 68, thereby sgahe lower end of the stem 13.

Referring to Figures 10-12, fluid pressure is thpplied down the drill pipe and travels
through the axial passage 14 of stem 13 beforarmastsrough the upper stem port 17,
the upper body port 57, and into the chamber 8thefpiston 69, driving it downward
relative to the stem 13 and setting the packoff 8&a This is referred to as the running
tool 11 set position and is shown in Figures 11 Bad

If the packoff seal 91 is not delivered to the mmoposition, i.e., the stem 13 has not
dropped a sufficient distance to deliver the patckeal 91 to the desired position relative
to the casing hanger 53, the running tool 11 widvent the packoff seal 91 from being
set. As previously discussed, if the stem lockings 65 have not engaged the contoured
surface 19 of the stem 13, when pressure is apdlech the drill pipe, the buildup of
pressure in the piston cavity 87 will produce acéoto drive the stem 13 to move
longitudinally upward relative to the main body 48 the running tool 11. An
insufficient pressure will be applied to the pis@hto overcome the force required to set
the packoff seal 91. Additionally, the upper stpamt 15 may not be aligned with the
upper body port 57, thereby preventing fluid presstom entering the piston cavity 87
at all. As a result, the piston 69 and the settilegve 88 will not be driven downward
relative to the stem 13.

11



2. The running tool (11) of claim 1, wherein the seal delivery and setting system comprises: an
elongated stem (13) having an axial passage (14); and a piston (69) configured: to drive downward
to drive the energizing ring (89) to set the annular seal (91) when pressure is applied to the axial
passage (14) in the elongated stem (13) and the annular seal (91) is located at the desired location in
the annulus relative to the inner wellhead member (53); and to not drive downward to drive the
energizing ring (89) to set the annular seal (91) when pressure is applied to the axial passage (14) in

reative b URAHELP W AT DEF 3] ' S GH R BBP P 2. UREIER Ho Rl
delivery anddsetiiagl wﬁfmieruommdgge:ta lietlyedMesphsiaaftiadly sottarddsigdngbstionecikzdive the
S e o D S S SR R
13 will be secured to the main body 49 of the ragrtool 11. When pressure is applied
down the drill pipe, the upper stem port 15 will degned with the upper body port 57
and the pressure in the piston cavity 87 will reagainst the piston cap 75 to urge the
piston 69 and the setting sleeve 88 downward téhgepackoff seal 91. A lifting force
on the piston cap 75 will be transmitted to thersie8. However, because the contoured
surface 19 of the stem 13 and the stem locking @6gsre configured such that the stem
locking dogs 65 oppose upward motion of the stemti& pressure in the piston cavity

87 is directed to urge the piston 69 downward.

As illustrated by Figure 13, if the packoff seal @&s properly delivered to the casing
hanger 53, as the piston 69 moves downward, tlee f@irthe piston 69 on the piston lock
ring 71 and its bands 83, 85 moves the lock ringatially inward into the annular
recess 73 in the piston cap 75. When the pistorm69es longitudinally downward
relative to the stem 13 sufficiently to set the kudf seal 91, the piston lock ring 71
springs radially outward, and the bands 83, 85 gadhe grooves 77, 79 on the inner
surface of the piston 69. If the piston 69 doesmove sufficiently to set the packoff
seal 91, the piston lock ring 71 will not springoirengagement with the groove 77, 79 on
the inner surface of the piston 69.

Referring to Figure 14, once the piston 69 is dridewnward and the packoff seal 91 is
set between the casing hanger 53 and the wellhmasirty 93, the stem 13 is then rotated
an additional specified number of revolutions ie ame direction as before to prepare
the seal 91 for testing to verify that it is séis the stem 13 is rotated relative to the main

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

As illustrated in Figure 15, as the cam 23 movhks, lower stem port 17 and the cam
ports 27, 29 also move relative to one anothere [Blwer stem port 17 aligns with the
upper cam port 27, allowing fluid communicationrfraghe axial passage 14 of stem 13,

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

12



wherein the piston (69) is connected to the stem (13) such that the piston (69) and the stem (13) rotate
in unison, the piston (69) substantially surrounding portions of the stem (13) and the body (49). 4. The
running tool (11) of claim 3, wherein the seal delivery and setting system comprises: a stem
engagement element (65) carried by the body (49) and adapted to be engaged with the stem (13) at a
run-in position and a landing position to restrict axial translation of the stem (13) relative to the body
(49), the cam (23) acting to maintain engagement of the engagement element (65) with the stem (13)

in the run-in, pgsition, and tq release the engagement element (65) from engagement with the stem
(13) 1 GeleaF BASRURE AT 01 LH B P e DS TGl Somen
(65) will not prxitige. the stem (13) unless the annular seal (91) is located at a desired location in the
annulus relative to the inner wellhead member (53), thereby allowing the stem (13) to move freely

reative (0 bedyddNABARNHIBLE A IR LI SR QeRfiaBn LD REV Y R R piston

(69) from drivin(IJ the energizing Ting (89) to set the annular seal (91) in the’annulus. 6. A method of

setting and &8RliYLdriaHRIAAs B (DBIPRlNGY BR®ArgEiands 8305k thél Aeninenpateadnhn inner
wellhead mephehésgoandanputerMeifiertharaimngtd shRkshved. dhsvineihad isBgn ()

providing a running tool (11) with an elongated stem (13) having an axial passage (14); a body (49)
substantiallfgtﬁ?ﬁuﬁﬁﬁméﬁﬁéf O5nHebriartRe fiem (2SR TAESYSS) HEHSINNd ek BN An ®BEnnected
to the body (4@) taedhis@stem (13) such that rotation of the stem (13) causes the cam (23) to translate
axially relative to the body (49); a stem engagement element (65) initially engaged with the stem (13)

ooy SRR R L harte AR Rl ..

(13); the bulk rubber seal 92, thereby engaging the @2 alith the inner wall of the wellhead
housing 93 and forming a seal. As a result, alated test volume is formed above the
packoff seal 91. Pressure is then applied dowwtitlgipe and travels through the axial
passage 14 of stem 13 before passing through wer ktem port 17, the upper cam port
27, and into the isolated volume above the packeé 91, thereby testing the packoff
seal 91. If the applied pressure is maintaineéntthe seal 91 was set correctly.
However, if the piston 69 was not stroked suffithemo set the packoff seal 91, when
the weight down is applied to the stem 13, theopistap 75 will abuttingly contact the
upper body 55, thereby preventing the stem 13 hagbiston 69 from moving downward
sufficiently to compress the bulk rubber seal e piston lock ring 71 will not transfer
the weight to the piston 69 and the rubber sealiizhot compress and engage the inner
wall of the wellhead housing 93. As a result, phessure will not be maintained and the

pressure test will fail as the pressure bypassebultk rubber seal 92.

Referring to Figure 16, once the packoff seal 94 been tested, the stem 13 is then
rotated a specified number of additional revolugiom the same direction. As the stem
13 is rotated relative to the main body 49, the @8nmoves further longitudinally

upward relative to the main body 49.

As illustrated in Figure 17, the downward facingulder 39 of the cam 23 passes by the
engagement element 51. As a result, the engageahement 51 is freed and moves
radially inward, thereby unlocking the main body #@m the casing hanger 53. The

upward movement of the cam 23 relative to the nhaidy 49 also causes the upper 27

13



(b) running the tool (11) into a subsea wellhead; (c) rotating the stem (11) relative to the body (49)
to a delivery position, thereby removing the support of the cam (23) and disengaging the engaging
element (65) from the stem (13); (d) moving the stem (13) axially downward relative to the body
(49) to land the annular seal (91); (e) if the annular seal (91) is delivered to a desired location in
the annulus relative to the inner wellhead member (53), reengaging the engaging element (65) with the
stem (13) in a landing position; and () applying fluid pressure to the axial passage (14) thereby

d th 89) to set th | (91) in.th |
tool (11) to S PHEO SR SR AL (SH Do e BEb DDA FEbg (o) 7

The methodamﬁctaenlﬁ\n/mhemmathemn&maerwegmene dlnmmn@&) Will treirebgagewingsftuil (13)
unless the annular seal g% Iocatetﬂ ata d sired loc t)lon tg s relative to qéa |nner

wellhead mémber §?t ere yVS owing HHe s?ass 0 move y rea Ve er?necb y {23 if the

annular seab(8iy) @noﬂ'lnethiemimsgéddbdatloantHpre!veemngeue‘thetleBQDefrc&ndjamy\gltmé

energizing RGP FEIABS ARANERSERACH A HHn g BRRPRAH LAMf WRmethol

further comprising after step (a ore st ep
through the upper 27 and the lower 29 cam porw tlrough the main body 49, thereby

draining the running tool 11.

The running tool is an effective and efficient teicjue to ensure that a packoff seal is set
in a correct position. The stem locking dogs pievthe operator with a positive or
negative indication as to whether the packoff d4&d been delivered to the correct
position. The running tool is also an effectived afficient technique to ensure that a
packoff seal has been fully set. The piston loog ensures that a pressure test can only
be performed if the piston has fully stroked and the packoff seal, providing an
operator with a positive or negative indicationtasvhether the piston has adequately

stroked.

While the invention has been shown in only onet®fforms, it should be apparent to
those skilled in the art that it is not so limitedt is susceptible to various changes

without departing from the scope of the invention.
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rotating the stem (13) relative to the body (49) to a run-in position, thereby securely engaging the
running tool (11) with the inner wellhead member (53). a first contoured surface (21) located in an
outer diameter; and a second contoured surface (19) located in the outer diameter, the second
contoured surface (19) being positioned a select distance above the first contoured surface (21); and
wherein in step (a): the engagement element (65) is in engagement with the first contoured surface
(21); and wherein in step (e): if the annular seal (91) is delivered to a desired location in the
annulus relative to the inner wellhead member (53), the engagement element (65) is in engagement
with the sec Hadr%ntoured surface (19). 10. The method of claim 6, wherein: step (a) further
comprises providing the running tool (11) with an upper stem port (15) located in and extending

radially throdigh thé\stenn{ng) el &hllipieer $tipprnds rYteateirdandserte (Riinghadiglyathrough
the body (4Qhergizing ring (89) in the annulus between anrimaihead member (53) and an outer
wellhead member (93) of a well, the running todl)(@omprising:

a seal delivery and setting system adapted tdipoghe annular seal (91) in the
annulus between the inner wellhead member (53)tla@mduter wellhead member (93)

and to drive the energizing ring (89) to set theudar seal (91) in the annulus,

wherein the seal delivery and setting system ipi@dato prevent the seal delivery and
setting system from driving the energizing ring )(8@ set the annular seal (91) in the
annulus unless the annular seal (91) is locataddassired location in the annulus relative

to the inner wellhead member (53).

2. The running tool (11) of claim 1, wherein the sdalivery and setting system

comprises:
an elongated stem (13) having an axial passagedad

a piston (69) configured: to drive downward tovdrthe energizing ring (89) to
set the annular seal (91) when pressure is apptiethe axial passage (14) in the
elongated stem (13) and the annular seal (91)catdd at the desired location in the
annulus relative to the inner wellhead member (&88) to not drive downward to drive
the energizing ring (89) to set the annular seh) (ghen pressure is applied to the axial
passage (14) in the elongated stem (13) and thelaanseal (91) is not located at the

desired location in the annulus relative to theemmellhead member (53).

3. The running tool (11) of claim 2, wherein the sdalivery and setting system

comprises:

a body (49) substantially surrounding and connetrdtle stem (13); and

15



step (e) further comprises aligning the upper stem port (15) and the upper body port (57) with each
other and with a piston chamber (87) if the annular seal (91) is delivered to a desired location in the
annulus relative to the inner wellhead member (53); and step (f) further comprises causing the fluid
in the axial passage (14) to flow through the upper stem port (15) and through the upper body port (57)
and into the piston chamber (87), thereby driving the energizing ring (89) to set the annular seal (91) in
the annulus if the annular seal (91) was delivered to the desired location in step (e). 11. The method of

claim 10, wherein: urther ¢ ises pro the runni ith a lower, tem port
(17 located m aneSAER A PRGN B CEHSRE SIuh OB er A B GELS A S ¢
extending ragielythitaogdtitiredfaty 6t &h8) causbs ndia (E@nionexrstizne poitly TeEnivéhe rwwer body
port are notbacl)igp?&ig\ﬁvhile in the set position. 12. The method of claim 10, wherein:

wherein the piston (69) is connected to the stEB) $uch that the piston (69) and
the stem (13) rotate in unison, the piston (69)sttially surrounding portions of the
stem (13) and the body (49).

4. The running tool (11) of claim 3, wherein the sdalivery and setting system

comprises:

a stem engagement element (65) carried by the lp4®y and adapted to be
engaged with the stem (13) at a run-in position andnding position to restrict axial
translation of the stem (13) relative to the bod9)( the cam (23) acting to maintain
engagement of the engagement element (65) witktéme (13) in the run-in position, and
to release the engagement element (65) from engagemith the stem (13) in a delivery

position.

5. The running tool (11) of claim 4, wherein the stengagement element (65) will
not engage the stem (13) unless the annular sEgis(®cated at a desired location in the
annulus relative to the inner wellhead member (88reby allowing the stem (13) to
move freely relative to body (49) if the annulaals@1) is not in the desired location,
thus preventing the piston (69) from driving theemyizing ring (89) to set the annular

seal (91) in the annulus.

6. A method of setting and testing an annular sed) (@ling an energizing ring
(89) in the annulus between an inner wellhead meni®®) and an outer wellhead

member (93) of a well, the method comprising:

(a) providing a running tool (11) with an elonghtstem (13) having an axial
passage (14); a body (49) substantially surroundimgjconnected the stem (13); a cam
(23) positioned between and connected to the bd@y &nd the stem (13) such that
rotation of the stem (13) causes the cam (23)atustate axially relative to the body (49);

a stem engagement element (65) initially engagel thie stem (13) and maintained in
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step (a) further comprises providing the running tool (11) with a piston engagement element (71)
connected to the stem (13) and engaged with the piston (69) in a first engaged position; and wherein
step (f) further comprises: moving the piston engagement element (71) from a first engaged
position to a second engaged position, thereby allowing weight applied to the stem (13) to be
transferred to the piston (69) if the annular seal (91) was delivered to the desired location in step (e).
13. The method of claim 6, wherein: step (a) further comprises providing the running tool (11) with

a lower stem ort located in and extending rad thro ste 3).and a lower hody port
located in aﬁ éﬂ?}%ﬂ 4 a{ tﬁﬁedﬁﬂd?ytﬂ%eb (@é} dj\%@@?@p?ﬁ é Q)HF} trE SRR T§) relative
to the body péRjidas déshpaosition (1Beraly tigmiodyti@Ipwed stesvdiprirdveaind teatnerobibdy port;
and app%e w to the axial passage (14), thereby causing the fluid to flow through the lower

an t

stem port (1 ough the lower body port, thereby testing the annular seal (91). 14.The method

of claim 13, wherein:
(b) running the tool (11) into a subsea wellhead;

(c) rotating the stem (11) relative to the bod9)(tb a delivery position, thereby
removing the support of the cam (23) and disengpthe engaging element (65) from
the stem (13);

(d) moving the stem (13) axially downward relatteethe body (49) to land the

annular seal (91);

(e) if the annular seal (91) is delivered to airéelslocation in the annulus relative
to the inner wellhead member (53), reengaging tigaging element (65) with the stem

(13) in a landing position; and

() applying fluid pressure to the axial passadel)( thereby driving the
energizing ring (89) to set the annular seal (9lthe annulus, thereby moving the
running tool (11) to a set position, if the annudaal (91) was delivered to the desired

location in step (e).

7. The method of claim 6, wherein the stem engageretarment (65) will not

engage the stem (13) unless the annular seal fdbrated at a desired location in the
annulus relative to the inner wellhead member (88reby allowing the stem (13) to
move freely relative to the body (49) if the anmdaal (91) is not in the desired location,
thus preventing the piston (69) from driving theemgizing ring (89) to set the annular

seal (91) in the annulus.

8. The method of claim 6, the method further compgsafter step (a), but before
step (b):

rotating the stem (13) relative to the body (48)at run-in position, thereby
securely engaging the running tool (11) with theeinwellhead member (53).
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step (a) further comprises providing the running tool (11) with an upper stem port (15) located in and
extending radially through the stem (13) and an upper body port (57) located in and extending radially
through the body (49); and wherein the upper body port (57) and the upper stem port (15) are
aligned while in the seal test position. 15.The method of claim 13, wherein movement from the set
position to the test position is accomplished by rotating the stem (13) in the same direction relative to
the body (49) as in step (c).

9. The method of claim 6, wherein where stem (13hrcomprises:
a first contoured surface (21) located in an odiameter; and

a second contoured surface (19) located in therodiameter, the second
contoured surface (19) being positioned a selestadce above the first contoured

surface (21); and wherein in step (a):

the engagement element (65) is in engagement thvtHfirst contoured surface

(21); and wherein in step (e):

if the annular seal (91) is delivered to a deslométion in the annulus relative to
the inner wellhead member (53), the engagementegie(65) is in engagement with the

second contoured surface (19).
10.  The method of claim 6, wherein:

step (a) further comprises providing the runriog (11) with an upper stem port
(15) located in and extending radially through $kem (13) and an upper body port (57)
located in and extending radially through the b(tB);

step (e) further comprises aligning the upper spem (15) and the upper body
port (57) with each other and with a piston cham{@t) if the annular seal (91) is
delivered to a desired location in the annulustiradao the inner wellhead member (53);

and

step (f) further comprises causing the fluid ir thxial passage (14) to flow
through the upper stem port (15) and through theeupody port (57) and into the piston
chamber (87), thereby driving the energizing riBg)(to set the annular seal (91) in the

annulus if the annular seal (91) was deliveredhéodesired location in step (e).

11. The method of claim 10, wherein:
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step (a) further comprises providing the runniogl {11) with a lower stem port
(17) located in and extending radially through gtem (13) and a lower body port
located in and extending radially through the b#8); and

wherein the lower stem port (17) and the lowenbpalrt are not aligned while in

the set position.
12. The method of claim 10, wherein:

step (a) further comprises providing the runniraplt(11l) with a piston
engagement element (71) connected to the stema(itBengaged with the piston (69) in

a first engaged position; and wherein step (fhfertcomprises:

moving the piston engagement element (71) fronrsa éngaged position to a
second engaged position, thereby allowing weightliep to the stem (13) to be
transferred to the piston (69) if the annular £84&) was delivered to the desired location

in step (e).
13. The method of claim 6, wherein:

step (a) further comprises providing the runniogl {11) with a lower stem port
(17) located in and extending radially through #stem (13) and a lower body port
located in and extending radially through the b(tB);

after step (f), rotating the stem (13) relativethe body (49) to a test position,
thereby aligning the lower stem port (17) and thedr body port; and

applying fluid to the axial passage (14), therebysing the fluid to flow through
the lower stem port (17) and through the lower bpdst, thereby testing the annular seal
(91).

14. The method of claim 13, wherein:
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step (a) further comprises providing the runriog (11) with an upper stem port
(15) located in and extending radially through $kem (13) and an upper body port (57)
located in and extending radially through the be48); and

wherein the upper body port (57) and the uppengiert (15) are aligned while

in the seal test position.

15. The method of claim 13, wherein movement from tbe @osition to the test
position is accomplished by rotating the stem (ib3)he same direction relative to the

body (49) as in step (c).
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