DRILL PIPE RUNNING TOOL 1. Field of the Invention: [0001] This invention relates in general to
completion of oil and gas wells, and in particular to a system and method for estimating orientation of a
casing hanger in a wellhead housing. 2. Description of Related Art [0002] Wellheads used in the
production of hydrocarbons extracted from subterranean formations typically comprise a wellhead
assembly attached at the upper end of a wellbore formed into a hydrocarbon producing formation. An
annular wellhead housing typically makes up the outermost member where wellhead assemblies
connect to a wellbore. A production tree usually connects to the upper end of a wellhead assembly for
controlling flow in and out of the wellbore and allowing access into the wellbore. Support hangers are
generally included within the wellhead housing for suspending production tubing and casing into the
wellbore. The casing lines the wellbd?gl{hler%ﬁaﬁé%%&wﬁ%ﬂgg%re from the surrounding formation.
The tubing typically lies concentric within the casing and provides a conduit therein for producing the
hydrocarbons drigaimédnheithirettiefiormation. [0003] When assembling a wellhead assembly subsea, a
running tool is often employed for lowering the components of the wellhead to the seafloor, such as
wellhead housings and support hangers. The running tool is generally deployed from a rig and
suspend P RN PHAY ISiEa AR SRR wRiltRistomRRpaRy W tHielsafns nadidrihanger
is then typic‘a‘%ﬁlowered and inserted within the wellhead housing using the running tool. After landing

the suppofPisanGa ML AhIAhGYBRNRE YLSHRHQL SARFRRAGPIHE A WEIeRd NS wellhead

housing. The running tool can then be removed from the wellbore and the seal pressure tested. In

some insjances, 38 SURABATENBAGEL ISPt landed in the wellhead housing at a specified axial
m—ﬁgc'e—mw

location, the annu upport hanger and wellhead housing cannot be properly

sealed. A misaligned support hanger can be corrected, but re%uires redeploying the running tool into
the well 5894 §{u}}§ ﬁ@g&@%&ﬁﬁ@dWh% of hydrocarbonsaeted from subtérranean formations

typically comprise a wellhead assembly attachethatupper end of a wellbore formed into a
hydrocarbon producing formation. An annular wedithiéousing typically makes up the outermost
member where wellhead assemblies connect to aavelllA production tree usually connects to the
upper end of a wellhead assembly for controlliogvfin and out of the wellbore and allowing access
into the wellbore. Support hangers are generaltjuded within the wellhead housing for

suspending production tubing and casing into thébeae. The casing lines the wellbore, thereby
isolating the wellbore from the surrounding forroati The tubing typically lies concentric within

the casing and provides a conduit therein for pcodythe hydrocarbons entrained within the

formation.

[0003] When assembling a wellhead assembly subsea, anguaal is often employed for lowering
the components of the wellhead to the seaflooh) asavellhead housings and support hangers. The
running tool is generally deployed from a rig andmended from drilling pipe. After anchoring the
wellhead housing to the seafloor, the support haisgken typically lowered and inserted within the
wellhead housing using the running tool. Afterdeny the support hangers, the running tool may
deploy a seal between the support hanger and wvaellheusing. The running tool can then be
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[0004] The running tool is typically powered by pressurized fluid pumped down the drill string from the
surface. Prior to pressurizing the string, a ball or dart is dropped down inside the drill string and lands
in a dart sub or ball sub set below the running tool. This allows pressure to build up inside the stem of
the tool that is ported through drilled holes to a piston that drives the energizing ring into the seal.
Summary of the Invention: [0005] The present disclosure concerns a system and method for verifying
positioning of a support hanger within a wellhead housing. Described herein is a running tool for
inserting a su 0 a wellhead housing that has a profiled inner surf%ce. In an example
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body and selectively attached to the support hanger, and an impressjon assembly that js strategically
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is pressed against the wellhead housing inner surface and an impression of the wellhead housing

inner SUfF@@&]WWu%mBrﬁﬁim@% oWRFeRHRPBFE SRR G BRRB Y CRAMNRAPEThERYE

hanger, or a bridging hanger. Strategically positioning the impression assembly places the impression

assemblyin lpcaliop RSt 8RR IMAFRSHIR I RAIRG BEpfiledibpseudaralithamelnpadhgysing

when the support hanger is set at a designated depth within the wellhead housing. Brief Description of

the Drawingss I99QRIi9 6rb s 3PS BBElAN Y IRMIEbAMAIQENIRIG SHBSSlrABlRTiIR (HNEEEO! as

disclosed herein. [0007] Figure 2 is a side sectional view detail of a portion of the tool of Figure 1.
stem of the tool that is ported through drilleddsatio a piston that drives the energizing ring inéo

seal.



[0008] Figure 3 is a side sectional view of the running tool of Figure 1 being inserted into a wellhead
housing. [0009] Figure 4 is a side sectional view of the running tool of Figure 1 inserted into the
wellhead housing of Figure 3. [0010] Figure 5 is a side sectional view of a detailed portion of the
running tool in wellhead housing of Figure 4. [0011] Figure 6 is a side sectional view of the running tool
of Figure 4 and a blow out preventer mounted on the wellhead housing. Detailed Description of the
Invention: [0012] The apparatus and method of the present disclosure will now be described more fully
hereinafter with reference to the accompanying drawings in which embodiments are shown. This
subject of the preS¥RREYdBE/E¥R3Y However, be embodied in many different forms and should not
be construed as limited to the illustrated embodiments set forth herein; rather, these embodiments are
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present isclosure Is not limited to the exact details o construction, operatlon, exact materlals, or
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the art. In the gs and specification, there have’been disclosed illustrative embodiments of t

Sublect ciselosuei@he2UNAoN IR E1TCcR S FRBLaISEe P KSR AGAETIL AR ot o

descriptive sense only and hot for the purpose of limitation. Accordingly, the subject disclosure is

thereforeia e Jraied QAbRRYiH Fe3pee B HE 2RpBREiachf M Example embodiment the impression
assembly includes a member selectively moveable fiaetracted position that is substantially
within the body, to an extended position whereajgxrts radially outward from the body towards the
wellhead housing inner surface. A deformable irapien element is included on an end of the
member, so that when the member is moved intoxtended position, the impression element is
pressed against the wellhead housing inner suafad@n impression of the wellhead housing inner
surface is on the impression element. The supmger can be a casing hanger, a tubing hanger, or
a bridging hanger. Strategically positioning t@iession assembly places the impression assembly
in a location so that the impression is of theipdfinner surface of the wellhead housing when the

support hanger is set at a designated depth whikimvellhead housing.



[0014] An example embodiment of a running tool 10 in accordance with the present disclosure is
shown in a side sectional view in Figure 1. The running tool 10 is shown having an annular mandrel 12
provided substantially along an axis Ax of the running tool 10. A connector 13 is provided at the upper
end of the mandrel 12 for connection to a means for raising, lowering, and control/operation of the
running tool 10, such as drill pipe (not shown). At least one use of the running tool 10 is for delivering
and landing support hangers, such as a casing, bridging, and/or tubing hanger, within wellhead
housings. In the example of Figure 1, the support hanger is a casing hanger 14, and is shown coupled
to a deplByrefebesoreptianisht HbDoashegainning tool 10. The deployment mechanism 15 is mounted on
the mandrel 12 includes a dog 16 shown outwardly biased into engagement with a profile 17 on an
inner circumference of the casing hanger 14. Inwardly retracting the dog 16 selectively uncouples from
the casin§i%hddou® dre ASAnPRIORASHRYhAHR SXARE OlIRE A WIS O ASSHIBRRFEPhe
running tool 10 also delivers a seal assembly 18 in the wellhead housing that is shown disposed
coaxial d8JEhe running tool 10 and above the casing hanger 14. An annular energizing ring 20 is
coupled to the lower end of a ram assembly 22 provided with the running tool 10. An insertion ram 23

is provideﬁ - ASS %ga t r t@% nergizing ring 20 into
the seal asse gﬁlrga%g%ﬁ til%/?géorﬁﬁg\)%ﬁ%%% 1ij '[%I runﬁﬁéi@éﬁ%egqggir?éludes a cylindrical
body 25 that circumscribes a portion of the mandrel 12. A lead block assembly 24 is shown mounted
within thgobo8ly rAguRRedasringdwye taidrigivied; cintentarghd)\iemQird e peripinsdrtbe intbRing:nebdo
having the lead block assembly 24 is shown in a side sectional view. A hydraulic line 26 shown in the
body 25 roosiagts to a cylindrical bore 28 that forms the outer surface of a portion of the lead block
assembly 24. The bore 28 is generally elongate with a closed end set within the body 25 and an open
end opposite the closed end and on a portion of the bore 28 that projects radially out from running tool
axis Ax. [0029] SaveairmmySittnReee e of HgdHBRINY BYInawralLinprseddntrotn® WaEBEr 30
and having a portion projecting through the open end of the bore 28. A lead element 32 is shown
provided S4$HYH - U€3mpression rod 30 outside of the bore 28. The lead element 32 can be

[0010] Figure 5 is a side sectional view of a detailediporof the running tool in wellhead housing

of Figure 4.

[0011] Figure 6 is a side sectional view of the runningl @f Figure 4 and a blow out preventer

mounted on the wellhead housing.



formed of any substantially malleable material, such as a soft metal, including lead. The impression
rod 30 abruptly narrows on the end opposite the lead element 32 where it threadingly attaches to a
piston 34. The outer surface of the piston 34 is substantially cylindrical and formed to sealingly engage
the inner circumference of the bore 28 and freely reciprocate therein. A closed end is provided in the
piston 34 where its outer surface projects radially inward proximate the closed end of the bore 28 and
then extends axially outward away from the closed end of the bore 28. The piston 34 of Figure 2 is
open on the end opposite its closed end. A receptacle is formed where the piston 34 extends axially
away froBethidec] d3edrgritoofahthboneBitimat receives the threaded end of the impression rod 30.
[0017] An annular space is provided lengthwise in the piston 34 that runs from the closed end and to

the openGRbPiNEe ARORRE ARPIIGRRISE I BREEMINIEIRSIRRNAL SRS RGN RIbREWIREN the

closed end of‘the piston 34 and a lip 37 that projects radially inward into the open side of the bore 28.

As showRe B SRENGAPrBXGER & RIFFIRGIISH aanmﬁ%%m%rﬁéﬁaﬁb%wsbm%ﬁéw ;24

within the bore 28. A seal 38 is shown circumscribingthe outer surface of the piston 34 thereby

providing gsedl fehNeHFBJOR: RISI9Bseandy NRGH SVERtBRALG DRI ife iR RMROdHASRbAITIgYre

2, an optional additional lead block assembly 24 is shown lower in thé body 25 and just above a rim of

the casing:hangatidd d9RtRhiBHiteIHILEHRE 2 Hd S RSGEHAMRIYIRYY AN BRI RTJEG TEHI S 40O

10 of Figure 1 being inserted within a wellhead housing 40 for landing the casing hanger 14 within the

wellheadfqugiaAtnhbhiy eibiaad e uains4Ro HiGH &Bﬁ@&e’?‘&?ﬁﬁﬁﬂl%ﬁ?@%@ trosxiply Aagve a

well bore 44 formed through a subterranean formation 46. The wellhead housing 40 of Figure 3

includes g \Rifitpd s s SRABAA P IRECRET WINEMINGIERTE 216" RQY @ 3 eReWih RFGHBIRr e i Ihe

formed along the inner surface of the wellhead housing 40. Though a single groove 40 is illustrated

and havipgrydREARS HAFERRSSRIIN a EBR AR PTiglRReRGHS tReHEeFNILYR THFrBfeéRa e and

disclosure, such as multiple grooves, curved cross sectional grooves, and grooves that vary in axial

location witbirathm Wakeas BRESIPR Wb dRSREShERNSUWRIdeapa WitbindPe wsliRead bRysinghAO.

[0019] Referring now to Figure 4, the running tool 10 is shown inserted coaxially within the wellhead
housing ¢ WBilgaviGintaeaMal Rases<ing 4fedatersing hanger 14 may be decoupled from the
running tool 10 and landed within the wellhead housing 40. In the example embodiment of Figure 4,
two lead block assemblies 24k, 242 are illustrated set within the body 25 of the running tool 10. Lead
block as V.24 1S ially ali [ semb 2is
at an e Beiong e oo i R A B e e R TR AT e
casing h r 14 | S es.2 . . Xi o, 0 in
889&?% 8 €8tk ﬁéﬁo@ﬁhﬁg%&%,@xe@ﬁw%@@@%@éﬁwﬁ%ﬂ@ Bl dasruery ééfﬁ‘ér&?e%, %s

hanger 14 within the well can etermined based upon an analysis of an impression
taken b - I - ' ] f terminati b
et SR R et S S R A L
sh I . i . i _ : ¢ of _
engaging T R B o o S

radially QUGG ARG R QLIRS HAIBISIQREOS (G e tidd thes BrpliRlle ead f haeA
%B w of the Weﬁ ele%géﬁs fi %})ﬁ;

can be pressed against the Inner surface sembly 40. A sufficient pressin e

lied Qy the.l bly 2 t: '
the outer o B o e oA e el i OB € TR ARl o
IS SUbSt%@%@@@W&HE&QR&@E}é&A& so that the impression 50 taken is of the groove 48. In the

example of Figure 5, hydraulic pressure is provided through hydraulic line 26 into the bore 28 for
urging the piston 34 radially outward to force the lead block 32A against the inner surface of the
wellhead GaL4$ing 4aMpldrgnbedimston o adimllygtdvlard fircsdedtapasitinthefpréigere diseltanms ihe
spring 36 into a compressed spring 36A shown between the closed end of the piston 34 and the lip 37.
Thus, wistnhydneaubtpressivadbviemovedyinen thgveydptiolid 1i0és2bhothe paténjiahemengustoiedre the
compressed spring 36A can return the piston 34 to its position of Figure 2 so that the running tool 10
may be reareeiti&osuiitaintitlly eleltioemad HassinigedQnning tool 10. A connector 13 is prowvide the

upper end of the mandrel 12 for connection to arséar raising, lowering, and control/operation of

the running tool 10, such as drill pipe (not shawA} least one use of the running tool 10 is for
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[0021] In one example of operation, the running tool 10 is lowered on drill pipe 52 (Figure 3) and
inserted into a wellhead housing 40. The casing hanger 14 is landed within the wellhead housing 40
and the deployment mechanism 16 uncoupled from the casing hanger 14 thereby leaving the casing
hanger 14 within the wellhead housing 40. The ram assembly 22 can then be actuated to stroke the
insertion ram 23 and axially lower the seal assembly 18 and energizing ring 20 into an annular space
formed between the outer surface of the casing hanger 14 and inner surface of the wellhead housing

40. Further actuation of the ram assembly 22 urges the energizing.ring 20 between legs of the seal
assemblJAN ESHAIN RIL SUBRRTE TGSl HER SRS A KIANEe A LA eEr R R R

lIhead ly 40. | I di t, th | is tested after bei t. Aft
pressur S EURRIEN B AU pr S LTSS SR o BT hE i i o8 LBIaL A

more e PEREIE R R A58 KPRy RCHETTAE 36 FLATBB A o AR ST TG agrors
gk L N b e R
Pouang AU o Sk ol Eh UTREAEBF o Brar VIR i 160 A 4 RoLP G ALE A0 38
contacts FE GNBR A e RGN T L AU 2 UL OR 6 Spu EMOde b HR tiinead
Panger BESTAERL SR ind ALY Db o B0 UBAAT CortEleRy ok o
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Cmdesig NEDRLSIATD S P 08 TR s S R R e g oo
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Istance

repositioning the casing hanger.14 withjn the wellhead housi 0. [0023] Strategicall S
o blod A R AR L hrad W B RRR R 29 i e R TR

between the casingi han%er 4. ag)dﬂgroovc? 48 so %]atl%nalyzing the impression 50 of a strategically

positionet Sead bI6REE%E I';'/Fl A hdicates WhetREr of not the casing hanger 14 is set at a

designated depth within the wellhead housing. For the purposes of discussion herein, a designated

depth d%@i@f%ﬁlIdﬁJ?QFr}N@eF@iPiHTLﬁé3§$iﬂ&bh@Hﬁﬁﬁg1‘ﬂo§l desines ARG eynpanias deaeskiaRe set

within the wellhead housing 40. Accordingly, verification of the casing hanger 14 at a designated axial

location wikumteive | erstRPUS RgAR S d1eL obtRIRRs W HBEEHING DeesidRbRIETRIGEeSHRBIMEHEN

the wellhead housing 40. As such, an operational step can be avoided by use of the running tool in

casing hppapnas Hsepsag MEREID-HIRRLE OB @Mty cmbh eV Hiby Foside tharHiah Seelioontl viewing

Figure 6, an embodiment of the running tool 10A may be operated in conjunction with a blow out

preventeihe3E4Y) §ibckb8¥embly 24 is shown in a sideaeaitview. A hydraulic line 26 shown in the body
25 connects to a cylindrical bore 28 that forms dbéer surface of a portion of the lead block
assembly 24. The bore 28 is generally elongateavifosed end set within the body 25 and an open

end opposite the closed end and on a portion didhe 28 that projects radially out from running

tool axis Ax.

[0016] Set coaxially within the bore 28 is a generallyroytical impression rod or member 30 and
having a portion projecting through the open endhef bore 28. A lead element 32 is shown

provided on the end of the impression rod 30 oatsidthe bore 28. The lead element 32 can be
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example embodiment of Figure 6, rams 56 from the BOP 54 are shown deployed radially inward into
sealing contact with the outer surface of the drill pipe 52. Sealingly engaging the rams 56 with the drill
pipe 52 creates a sealed space 58 within the BOP 54 and wellhead housing 40 above the running tool
10A. In an alternate example of use, the space 58 can be pressurized to exert a force onto the running
tool 10A. When a sufficient force is created in the space 58, the ram assembly 22A is urged downward
to insert and set the seal assembly 18A between the casing hanger 14 and wellhead housing 40.

Additionally, a resultant force hy pressurizing the space 58 can be used to obtain an impression using
the impra QLA AR Al AR B A 62 59 SiB I I IEato YE BB Rat

lectively deli ized fluid to th forcing th ing tool 10A d d and
Ceting 116 CALHRRH G SR e GOl AR oD LA B SRR o
only oS UL B8 Apalon P oS GREL b RS 13 AOF S e
susceptile Lo yaoun chanfes WINOUL JepafINg oG SE0RS P1ISIVREIGR: BB agpung

provided in the piston 34 where its outer surfaoggets radially inward proximate the closed end of
the bore 28 and then extends axially outward aveay the closed end of the bore 28. The piston 34
of Figure 2 is open on the end opposite its clasetl A receptacle is formed where the piston 34
extends axially away from the closed end of theel#8 that receives the threaded end of the

impression rod 30.

[0017] An annular space is provided lengthwise in theopi&4 that runs from the closed end and to

the open end of the piston 34. A spring 36 is sheet within the annular space retained between
the closed end of the piston 34 and a lip 37 th@epts radially inward into the open side of thed

28. As shown, the spring 36 exerts a biasing forcthe piston 34 to retain the lead block assembly
24 within the bore 28. A seal 38 is shown circurifiseg the outer surface of the piston 34 thereby

providing a seal between the piston 34 and inndéase of the bore 28. In the embodiment of Figure

2, an optional additional lead block assembly Zhswn lower in the body 25 and just above a rim

of the casing hanger 14.

[0018] Figure 3 illustrates in a side sectional view aaragle of the running tool 10 of Figure 1

being inserted within a wellhead housing 40 fodiag the casing hanger 14 within the wellhead
housing 40. The wellhead housing 40, which maguizsea, is shown set coaxially above a well
bore 44 formed through a subterranean formatiorT#& wellhead housing 40 of Figure 3 includes

a profiled inner surface, a portion of which inasda groove 48 shown circumferentially formed
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15deployment mechanism 16dog 17ledge 18seal assembly 20energizing ring 22ram assembly
23insertion ram 24lead block assembly

along the inner surface of the wellhead housing BBough a single groove 40 is illustrated and
having a rectangular cross section, other fornggafves are included within the present disclosure,
such as multiple grooves, curved cross sectioraivgs, and grooves that vary in axial location

within the wellhead housing with respect to angldaation within the wellhead housing 40.

[0019] Referring now to Figure 4, the running tool 10 wn inserted coaxially within the
wellhead housing 40. While within the wellhead $iag 40, the casing hanger 14 may be decoupled
from the running tool 10 and landed within the Wweld housing 40. In the example embodiment of
Figure 4, two lead block assemblieg,2% are illustrated set within the body 25 of the ingriool

10. Lead block assembly 2& shown substantially aligned with the groovewt&reas block
assembly 24is at an axial distance below the groove 48. Tiw&knowing respective axial
distances between the casing hanger 14, lead bkss#mblies 24 24, and groove 48, the axial
location of the casing hanger 14 within the welthbausing 40 can be determined based upon an
analysis of an impression taken by one or bothe@féad block assemblies;224,. The precision

of the determination can be adjusted based upamuimder of lead block assemblies24ed with

the running tool 10.

[0020] Shown in Figure 5 is a side sectional view of aanegle embodiment of a lead block
assembly 24 engaging the inner surface of a wallheasing 40. In this example, the piston 34 is
shown urged radially outward from the axis of thening tool A (Figure 1) so that the malleable
lead element 32A can be pressed against the inrface of the wellhead assembly 40. A sufficient
pressing force applied by the lead block assembligh deform the lead element 32A and create an
impression on the outer terminal end of the leacheht 32A. In the example of Figure 5, the lead

block assembly 24 is substantially aligned withdh@ove 48, so that the impression 50 taken is of
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25body 26hydraulic line 28bore 30impression rod 32lead element 34piston 36spring 37lip

the groove 48. In the example of Figure 5, hydcaaressure is provided through hydraulic line 26
into the bore 28 for urging the piston 34 radialytward to force the lead block 32A against the
inner surface of the wellhead housing 40. Movhegpiston 34 radially outward from its position of
Figure 2 deforms the spring 36 into a compressedgB6A shown between the closed end of the
piston 34 and the lip 37. Thus, when hydraulicpuee is removed from the hydraulic line 26, the
potential energy stored in the compressed spridg &t return the piston 34 to its position of

Figure 2 so that the running tool 10 may be remdx@u within the wellhead housing 40.

[0021] In one example of operation, the running tool 1@weered on drill pipe 52 (Figure 3) and
inserted into a wellhead housing 40. The casimgéal4 is landed within the wellhead housing 40
and the deployment mechanism 16 uncoupled fromdbkimg hanger 14 thereby leaving the casing
hanger 14 within the wellhead housing 40. The aasembly 22 can then be actuated to stroke the
insertion ram 23 and axially lower the seal assg®land energizing ring 20 into an annular space
formed between the outer surface of the casingdraivyand inner surface of the wellhead housing
40. Further actuation of the ram assembly 22 uttgeeenergizing ring 20 between legs of the seal
assembly 18 to widen the seal assembly 18 andyseessal between the casing hanger 14 and
wellhead assembly 40. In an example embodimeapithssure seal is tested after being set. After
pressure testing hydraulic pressure may be supphiexigh the hydraulic line 26 so that an
impression 50 may be taken of the portion of thihead housing 40 inner surface adjacent one or
more lead block assemblies 24. The hydraulic 2@&enay be part of a hydraulic circuit used for

operating the ram assembly 22.

[0022] After obtaining an impression 50, the running t@6l can be removed from within the

wellhead housing 40 so that the impressions 50leagnalyzed for assessing whether or not the
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380-ring seal 40wellhead housing 42surface 44borehole 46formation 48groove 50impression 52drill
pipe

casing hanger 14 is at a proper axial elevatiohiwithe wellhead housing 40. In one example
embodiment of use of the running tool 10, the leladk assembly 24 is strategically positioned an
axial distance from the casing hanger 14 so tledetd element 32 contacts the groove 48 when the
casing hanger 14 is at its design or specifiedatien in the wellhead housing 40. Accordingly, if
the impression 50 reflects contact with the grod8e casing hanger 14 alignment within the
wellhead housing 40 (Figure 4) can be verified.nv@&osely, if the impression 50 does not reflect
contact with the groove 48, casing hanger 14 ngsaient may be indicated. In an example, when
analysis of an impression 50 taken on the leadexiesiB2A indicate casing hanger 14 misalignment,
an undesired placement of the casing hanger 14 aorundesignated location, the running tool 10
can be reinserted within the wellhead housing 4@dpositioning the casing hanger 14 within the

wellhead housing 40.

[0023] Strategically positioning the lead block assemHélywithin the body 25 can set the lead block

assembly 24 at a relative distance between theghanger 14 and groove 48 so that analyzing the
impression 50 of a strategically positioned leamcklassembly 24 indicates whether or not the
casing hanger 14 is set at a designated depthnwitiiei wellhead housing. For the purposes of
discussion herein, a designated depth describepth @herein the casing hanger 14 is designed
and/or otherwise desired to be set within the vealthhousing 40. Accordingly, verification of the

casing hanger 14 at a designated axial locatiohinvihe wellhead housing 40 can be obtained
without the need for pressure testing within thdivead housing 40. As such, an operational step

can be avoided by use of the running tool in cabangger as disclosed herein.

[0024] Optionally, as shown in a side partial sectionawin Figure 6, an embodiment of the

running tool 10A may be operated in conjunctionhwat blow out preventer (BOP) 54. In the
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54bop 56ram 58space 60line 62valve Claims What is claimed is:

example embodiment of Figure 6, rams 56 from th®B®are shown deployed radially inward into
sealing contact with the outer surface of the giple 52. Sealingly engaging the rams 56 with the
drill pipe 52 creates a sealed space 58 withiBtDE 54 and wellhead housing 40 above the running
tool 10A. In an alternate example of use, the sfccan be pressurized to exert a force onto the
running tool 10A. When a sufficient force is ceghin the space 58, the ram assembly 22A is urged
downward to insert and set the seal assembly 1&&dem the casing hanger 14 and wellhead
housing 40. Additionally, a resultant force bygserizing the space 58 can be used to obtain an
impression using the impression block assembly 24 Ane 60 with a valve 62 is shown connected
to the BOP 54 that can selectively deliver preggarifluid to the space 58 for forcing the running
tool 10A downward and setting the energizing rimg ithe seal. In an example, the line 60 connects

to choke and kill lines (not shown) having preszedlifluid therein.

[0025] While the invention has been shown or describeohig some of its forms, it should be
apparent to those skilled in the art that it is smtimited, but is susceptible to various changes

without departing from the scope of the invention.
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1. A running tool 10 for inserting a support hanger 14 into a wellhead housing 40 that has a profiled
inner surface, the running tool 10 comprising: a body 25; a support hanger deployment device 15
coupled with the body 25 to be selectively attached to the support hanger 14; and characterized by
an impression assembly 24 that is strategically located at a designated position with respect to the
support hanger 14, the impression assembly 24 comprising:  a member 30 that is selectively
moveable from a retracted position substantially within the body 25 to an extended position projecting
radially outward from the body 25 towards the wellhead housing inner surface, and  a deformable
impression element 32 provided on an end of the member 30, so that when the member 30 is moved
into the &S position, the impression element 32 is pressed against the wellhead housing inner
surface and an impression of the wellhead housing inner surface is on the impression element 32. 2.
The runr?ng tocflq%" B 1, characterized in that the body 25 has a shoulder 23 for energizing an
upper en]dzof th&' @560t hanger and the impression assembly 24 is mounted to the body 25 at a
selected akial dfétd) BHFthe shoulder 23. 3. The running tool of claims 1 or 2, characterized in that
the strategic po ft H?ﬁaeﬂhgé?ﬂ‘?@'iﬁqﬂ)ression assembly 24 in a location so that the impression is of
the profiled inn urface of the wellhead housing 40 when the support hanger 14 is set at a

designat deps?éa %rggetrrrl]%l\)//vellhead housing 40.

20 energizing ring
22 ram assembly

23 insertion ram

24 lead block assembly
25 body

26 hydraulic line

28 bore

30 impression rod

32 lead element

34 piston

36 spring

37 lip

38 o-ring seal

40 wellhead housing
42 surface

44 borehole

46 formation

48 groove

50 impression
52 drill pipe
54 bop

56 ram

58 space

60 line

62 valve
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4. The running tool of any of claims 1-3, characterized in that the impression assembly 24 comprises a
first impression assembly 241, the running tool further comprising a second impression assembly 242
strategically disposed a distance away from the first impression assembly 241 along an axis of the
running tool 10. 5. The running tool of any of claims 1-4, characterized in that the impression assembly
24 further comprises a radially extending bore 28 in the body 25 having an open end and a closed
end, a piston 34 axially movable within the bore 28, a spring 36 biasing the piston 34 against the
closed end of the bore 28, an impression rod 30 having an end coupled with the piston 34 and a distal
end conr@@etatsto the impression element 32. 6. The running tool of any of claims 1-5, further
characterized by a seal deployment assembly 18 mounted to the body 25 for setting a seal between
the support hanger 14 and the wellhead housing 40. 7. The running tool of claim 6, characterized in
that the INPREIDR'TELbly 24 is disposed between the seal deployment assembly 18 and the
support hanger deployment device 15. 8. A method of landing a support hanger 14 in a wellhead

housing 40 having 20 iNARRSERES WIS ARG S AABAMARNNGSTEHAMERERISAS AB)nat has o

characterized by providinga profiled portion 48 in a of the we using 40;

profiled inner surface, the running tool 10 comipgs
a body 25;

a support hanger deployment device 15 coupled thighbody 25 to be selectively
attached to the support hanger 14; and

characterized by an impression assembly 24 ttstasegically located at a designated

position with respect to the support hanger 14jrtfgession assembly 24 comprising:

a member 30 that is selectively moveable froneteacted position substantially
within the body 25 to an extended position projegtiadially outward from the body 25

towards the wellhead housing inner surface, and

a deformable impression element 32 provided oerahof the member 30, so that
when the member 30 is moved into the extendediposithe impression element 32 is
pressed against the wellhead housing inner sudadean impression of the wellhead

housing inner surface is on the impression eler@2nt

2. The running tool 10 of claim 1, characterized iattthe body 25 has a shoulder 23 for
energizing an upper end of the support hanger bhadmpression assembly 24 is

mounted to the body 25 at a selected axial disthnoe the shoulder 23.

3. The running tool of claims 1 or 2, characterizethit the strategic positioning places the
impression assembly 24 in a location so that theréission is of the profiled inner
surface of the wellhead housing 40 when the sugprger 14 is set at a designated

depth within the wellhead housing 40.

4. The running tool of any of claims 1-3, charactatipethat the impression assembly 24

comprises a first impression assembly, 2de running tool further comprising a second
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(b) providing a running tool 10 having an attached support hanger 14 and a selectively extendable
impression block 32 strategically located at a position on the running tool 10; (c) inserting the running
tool 10 with the support hanger 14 into the wellhead housing 40; (d) landing the support hanger 14 in
the wellhead housing 40; (e) forming an impression of the profiled portion 48 of the wellhead housing
40 on the impression block 32 by extending the impression block 32 radially outward and into contact
with the profiled portion 48 of the wellhead housing 40; and (Oestablishing a location of the support

hanger 14 within the wellhead based on the impression of the profiled portion 48. 9. The method of
claim 8, further chAPRETH 80 B RN A HEHTAM %BB?&@ ﬁﬂﬁ?ﬂé%\?éﬂﬁéﬁarﬂéﬂﬁ'mﬁr&é%%r to

step (f) and visuallyaisnaplingddierg areagiopileskdhidg tddieoethod of claims 8 or 9, further
characterized by removing the running tool 10 from the wellhead housing 40 prior to step (f),

inspecting the INPFRESIGRMMRCH S0 RN YRR AR AR e fRiieS RUTRHARSRACALL Bl 24

impression block 32, determining that the support hanger 14 is away from the designated location, and
reinserting the runfiifiges6PIPHIE IR artiaie sy ABAIKIE P AE (dheptiiotPtha\dig poro e gadantbahe

designated positiojosed end, a piston 34 axially movable withinkibee 28, a spring 36 biasing the piston
34 against the closed end of the bore 28, an imesod 30 having an end coupled

with the piston 34 and a distal end connectedéartipression element 32.

6. The running tool of any of claims 1-5, further caerized by a seal deployment
assembly 18 mounted to the body 25 for settingbls#ween the support hanger 14 and
the wellhead housing 40.

7. The running tool of claim 6, characterized in ti@impression assembly 24 is disposed

between the seal deployment assembly 18 and tipegumnger deployment device 15.

8. A method of landing a support hanger 14 in a weltheousing 40 having an inner

surface with a profiled portion 48, the method casipg:

€) characterized by providing a profiled portion 48aim inner surface of the

wellhead housing 40;

(b) providing a running tool 10 having an attached swppanger 14 and a
selectively extendable impression block 32 stratdlyi located at a position on the

running tool 10;

(c) inserting the running tool 10 with the support hemiy4 into the wellhead
housing 40;

(d) landing the support hanger 14 in the wellhead muu40;

(e)  forming an impression of the profiled portion 4&loé wellhead housing 40
on the impression block 32 by extending the impossklock 32 radially outward
and into contact with the profiled portion 48 oétiwellhead housing 40; and
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11. The method of any of claims 8-10, characterized in that the impression block 24 comprises a first
impression block 241 and the position comprises a first position, wherein step (a) further comprises
providing a second selectively extendable impression block 242 strategically located at a second
position on the running tool 10. 12. A method of landing a support hanger 14 in a wellhead housing 14,
the method comprising: (a) characterized by providing a profiled portion 48 in an inner surface of the
wellhead housing 40; (b) providing a running tool 10 having an attached support hanger 14 and a

selectively extendable impression block 32 strategically located at a position on the running tool 10;
(c) inserting the runnit tool ORI BIBBRRORAN " TUPRRS R WeNAAM o ETap g DYaF g

the support hanger 14tie ihgreebiandfinoingitd peYisatigg a seal 18 between the support hanger
14 and the wellhead housing 40; and (Oduring the same trip to the wellhead housing 40 as steps (a) -

(€), forming ang The method of claim 8, further characterized byaeimg the running tool 10 from the

wellhead housing 40 prior to step (f) and visuailgpecting the impression block 32.

10. The method of claims 8 or 9, further characterizgtemoving the running tool 10 from
the wellhead housing 40 prior to step (f), inspegthe impression block 32, and when
an image of the profiled portion 48 is not on timpression block 32, determining that
the support hanger 14 is away from the designaizatibn, and reinserting the running
tool 10 into the wellhead housing 40 to repositlmsupport hanger 14 to the designated

position.

11.The method of any of claims 8-10, characterizedhist the impression block 24
comprises a first impression block ;2d4nd the position comprises a first position,
wherein step (a) further comprises providing a sdselectively extendable impression

block 24 strategically located at a second position orrtin@ing tool 10.

12.A method of landing a support hanger 14 in a welthédousing 14, the method

comprising:

€) characterized by providing a profiled portion 4&minner surface of the

wellhead housing 40;

(b) providing a running tool 10 having an attached suppanger 14 and a
selectively extendable impression block 32 stratdlyi located at a position on the

running tool 10;

(c) inserting the running tool 10 with the support hemd4 into the wellhead
housing 40;

(d) landing the support hanger 14 in the wellhead mau40;

(e) setting a seal 18 between the support hanger l#hanekllhead housing 40;

and
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impression of the profiled portion 48 of the wellhead housing 40 on the impression block 32 by
extending the impression block radially outward and into contact with the profiled portion 48 of the
wellhead housing 40 so that the location in the wellhead housing 40 where the support hanger 14 is
landed can be established based on the impression of the profiled portion 48. 13. The method of claim
14, wherein step (e) occurs prior to step (0. 14. The method of claims 13 or 14, further characterized
by removing the running tool 10 from the wellhead housing 40 prior to and visually inspecting the
impression block 32 prior to e matln%the location in the wellhead housing 40 where the support

hanger 14 is landed. 18. The PHERRHTEARMEIHRIGHE 14100 R Aok ig, Biars ik )il PRES6R block
32 is strategically locatagregdioat a¥hies ;ﬂr@mﬁmmﬁamztaqqi«tﬁ?éwemmgmofdadmw@neé&and

rovides an image of filed portion 48 nt the re block 32 when the s ort hanger 14
E I;llrllded at ; de95|gn %l%c%)% I E}hgxtelncrlllngt e Pmpreég%n dl% avrvd an hlntol'clz%%tact wit

the profiled portion 48 of the wellhead housingsé@hat the location in the wellhead
housing 40 where the support hanger 14 is landedeastablished based on the

impression of the profiled portion 48.
13.The method of claim 14, wherein step (e) occursrpa step (f).

14.The method of claims 13 or 14, further characteriag removing the running tool 10
from the wellhead housing 40 prior to and visualgpecting the impression block 32
prior to estimating the location in the wellheadsiag 40 where the support hanger 14 is

landed.

15.The method of any of claims 12-14, characterizethat the impression block 32 is
strategically located so that when the impresslonok32 contacts the profiled portion
48 and provides an image of the profiled portioroA® the impression block 32 when

the support hanger 14 is landed at a designatedidoc
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