DRILL PIPE RUNNING TOOL 1. Field of the Invention: [0001] This invention
relates in general to conpletion of oil and gas wells, and in particular ti
system and nmethod for estimating orientation of a casing hanger in a
wel | head housing. 2. Description of Related Art [0002] Well heads used in

t he production of hydrocarbons extracted from subterranean fornmations
typically conprise a well head assenbly attached at the upper end of a
wel | bore formed into a hydrocarbon producing formation. An annul ar wel | head
housi ng typically makes up the outernost nenber where wel | head assenblies
connect to a wellbore. A production tree usually connects to the upper end
of a well head assenbly for mrgth@m@méq(ﬂ@ﬂ out of the we wellbore
and all owi ng access into the mé1| ore, Support hangers are generally

i ncluded within the well head housing for suspendi ng production tubing and
casi ng 1.nt o ik ofgh¢ borestioThe casing |ines the wellbore, thereby isolating
the well bore fromthe surrounding forrmation. The tubing typically lies
concentric within the casing and provides a conduit therein for producing
t he hydil6eHr Bonsventionaichésd inigethirAl to hemploriomof @hand @801 1s\Widrin asgiendot oy a
wel | head assenbly subsea, a liming tool is often enployed for |owering the
conponediksmafndtoe@horefor Beahting otibeasendilaoking Suigfr asa wellleb¢acushpusi ngs and
support hangers. The runnng tool is generally deployed froma rig and
suspended fromdrilling pipe. Alter anchoring the well head housing to the
seal | oor., the Baspgptibn baRgeted Artt hen typically | owered and inserted within
the wel |l head housing sits the running tool. After |anding the support

hanger s nni.ng tool may, deplo seal between _the support hanger and
vel | hea@ﬂﬁﬂﬁ\é’?ﬁ&ad% T HSTPRE TN O Ar AN R ToF RGO BL P FBRM R AORET Bor o
and the seal pressure tested. In sone instances, if the support hanger is
not | andeidalbncerherisged Waklzad heissibhgatsached gip@eivbpederaxiial Weldleat ifomedtifle a
annul ar space between the support hanger and wel | head housi ng cannot be

pr oper | lyydseatbed pradluningdbringned Supporiir vrdihgethomaing hei@dy regtseg, thbattemmgui r es
redepl oying the running tool into the well after the step of pressure

t est i NgmeABQGhkrelNE1HeMNsBEbEQRRbnicSt th ¥ RictiBbiley ARBWRIEESH tRY:REESS béring@etofthdli d
punped down the drill string fromthe surface. Prior to pressurizing the

string,, eMdlog QL AR ags%nf%%gliggg(vqltlﬁg}@@ foRsihd&a binerde w_eilb(ﬁf, fﬂd’bﬂo@' ab@ads in

a dart b or ball sub set t unning tool. This allows pressure to
build up,inside.the ern.of the tool that.i rt.ed t.hrough drill.ed hol es
Vo 5ot B iR RSO Sulbfn Janbdlf ot BrnstalBrigeRePE Mifth L pedkal Holbifg £0f

suspending production tubing and casing into the wellbore. The casing lines the wellbore, thereby

isolating the wellbore from the surrounding formation. The tubing typically lies concentric within
the casing and provides a conduit therein for producing the hydrocarbons entrained within the

formation.

[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 suspended from drilling pipe. After anchoring the
wellhead housing to the seafloor, the support hanger is then typically lowered and inserted within the
wellhead housing using the running tool. After landing the support hangers, the running tool may

deploy a seal between the support hanger and wellhead housing. The running tool can then be
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Summary of the Invention: [90051 The present disclosure concerns a system
and nethod for verifying positioning of a support hanger within a wel |l head
housi ng. Described herein is a running tool for inserting a support hanger
into a well head housing that has a profiled inner surface. In an exanple
enbodi nent, the running tool includes a body, a support hanger depl oynent
devi ce coupled with the body and selectively attached to the support

hanger, and an inpression assenbly that is strategically l|ocated at a

desi gnated position with r ect to the sypport hanger. .ip an ex | e.
enbodi FEREYEHET FPﬁr“é"ifEP‘iﬁr‘im ?@éﬁﬂlpﬁesﬁlﬁef‘iﬁﬁ 6 Mo pnces i FRP@P@%&?&‘&M e
froma retracted position that is substantially within the body, to an

ext ende@t Foded irotewrrdtheacbh@jseeta arspetiard griuogrio. thesantlhesibedyettvommtds t he
wel | head housing inner surface. A deformable inpression elenent is included
on an enppwfhanpe angéwbiigad Sousitmatanmbidn ptoperlynenibér A nssaiipveduppatthatgee cexteended
position,the inpression elenent is pressed agai nst the well head housi ng

I nner  syrtace b@fh@qﬁfbsir%b?ﬁ)?ﬁngHe ﬁﬁnin%@od’l@ﬁtb eade nOUS KNG td dT8) esSutE @61 S ON
the inmpression el enent. The support hanger can be a casing hanger, a tubing
hanger, or a bridging hanger. Strategically positioning the inpression

assenbl [yl ate surtntg th&TRS ©FSLIOH ASESQTI teskitiRd FOERIuhYRd 86wk Matirill Reng from
inmpression is of the profiled inner surface of the well head housi ng when

e e T
ner o ooy B ARG BTBE LI egRl o dlPe £ %0p B SR GR TS ¢ e

tool of Figure 1. 100081 Figure 3 is a side sectional view of the running

t ool ofsteRi ¢fiketon! theilrpricAdEpyadilised folgs el mKienBatiBies e nTooDgrIRiyate 4 i s
a side sectional view of the running tool of Figure 1 inserted into the

wel | heaeklhousi ng of Figure 3.
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[0010] Figure 5 is a side sectional view of a detailed portion of the
runni ng tool in well head housing of Figure 4. [0011] Figure 6 i.s a side
sectional view of the running tool of Figure 4 and a bl ow out preventer
nmount ed on the wel | head housing. Detailed Description of the Invention:
10012] The apparatus and nethod of the present disclosure will now be
described nore fully hereinafter with reference to the acconpanyi ng

drawi ngs in hich enbodi nents are shown. This subject of the present:

di scl osure MaymnPeyeYale Inbentgrodi ed in many different forms and shoul d not
be construed as |imted to the illustrated enbodi nents set forth herein;
rather, these enbodi nents are provided so that this disclosure wll be

t hor oug RO, Ak W YenE ARMEY LS DB r $6ODBcPhsitibn BVERLHAD tO
t hose SEF??QE In %ﬁgﬁgﬁt. L%%%&Riﬁggfg refer to fiﬁgﬁeﬁgn%ﬁtsn hroug out .

For the_con i.en in nef i . . nyi i . i i apal
torms sl Sts g et ELhE el Prd A SO RERY | 0Pt LU e p B FRA P
directional t such as "upper®, "lower!, "above", "below', and the like
are bei B 'ﬁ%’éﬁﬁfg‘g hPP%“E%&‘r”blﬂaé aam?@F%f‘lth%FfaF%c@t@&h‘i‘mﬁlﬁﬁi’%ﬁx\‘jﬂenﬁ’ g‘eterB%g
understood that e subject of the present disclosure is not limted to the
exact dechinchides 2 bedis ersuprdrohangepdapipyinsnhdevigratoapicd vgth the bedbadi iRt elshown

and described, as nodifications and equivalents will be apparent to one
ski | | edatitach¢che @tet support thaegedy awd ngsmaredsispeecichibbathaoiy, sttdeyi@llhdventdiesna
di scl osed illushrative enbodi nents of the subject disclosure and, although

speci fi gest@RI¥E pBkiBoeWRh @3%@ELt t4 e YugHoe: Hised. IMarPexdLNES dnfboantend @BGhbREdive
sense only and not for the purpose of limtation. Accordingly, the subject

di scl os LS, f 1,47 \ : ggﬁﬁm

cl ai ns. %%&ﬁfﬁ%ﬁ&%f&%&é&eﬁgwﬁhﬁ@g : aﬁg{i}nanlltegrgaté (g g{?ﬁfg{ Eh%thlgcs cor agg}g
with the. pr nt. di scl osu i S..sho i.n a side sectional view jn Fi el
The runtitl Poecy 2 X ERsroRes NEo g Puirdh e a Tom b b the
substantially along an axis Ax of the running tool 10. A connector 13 is
pr ovi dedehitead hREsiHPEeT BRECHT At ORI BIPTIPION Srensgh e lPdit $oreHedES f or
rai sing, lowering, and control/operation of the running tool 10, such as
drill pinpeb¢met thehwimm) the Atenibeastmoird infs ¢heofxtended pestifring ghetivptession glsmegris
delivering and | andi ng support hangers, such as a casing, bridging, and/or
t ubi ng hangebgaint theiwelwedd Heaidg howsdun@se ankdan ihpreest@ngltie: il beadluwreing inrche
support hanger is a casing hanger 14, and is shown coupled to a depl oynent

mechani §41.19is0R 1l giptditibh B0 Thd Qupphhi@ia Eﬁwﬁ%siﬂ@ﬁi!%@ﬂ, $binkRakgdr, or
nounted on the mandrel 12 includes a dog 16 shown outwardly biased into

EZ?a?ﬁﬁ?@%é%ﬂ?%@fﬁ%%'gﬁﬁy %P%%iO%Elg%%qﬁ%feﬁi&é%%ﬁ%iE%?ees@elfi?lhﬁﬁjﬁ?%%é. e
4 | ' . [ .14 withi [
(not . sniryeaipheo BRiF Aot b Br B der raeer e ebe SalBengpp s I Phe

wel | head housing that is shown disposed coaxi al about the running tool | O
and abov@rehsaressissgt Hartyelgnaiad denth withinlthy welleeghgisieg ring 20 is coupled to
the lower end of a ram assenbly 22 provided with the running tool 10. An
insertion ram23 is provided with the ramassenbly 22 that when
hydraulically stroked forces the energizing ring 20 into the seal assenbly
18,



f00151 Still referring to Figure 1, the nmming tool 10 also includes a
cylindrical body 25 that circunscribes a portion of the mandrel 12. A |lead
bl ock assenbly 24 is shown nounted within the body 25, Referring now to
Figure 2, an enlarged view of the portion of the mning tool 10 having the
| ead bl ock assenbly 24 is shown in a side sectional view A hydraulic |Iine
26 shown in the body 25 connects to a cylindrical bore 28 that forns the
outer surface of a portion of the | ead bl ock assenbly 24. The bore 28 is
generally elongate '"nth a closed end set within the body 25 and an open end
opposi tkritfidgesctiptiedotthd Danadion: a portion of the bore 28 that projects
radially out fromrunning tool axis Ax. 100161 Set coaxi.ally within the
bore 28 is a generally cylindrical inpression rod or nenber 30 and having a
por ti on0peadjegire ngs 4 hidesghotdieicopeinnendmeofe enftedbome o28runAinkead aelzolend 32
is shown provided on the end of the inpression rod 30 outside of the bore
28. Theekgad el enent 32 can be fornmed of any substantially mall eabl e
material, such as a soft metal,including | ead. The inpression rod 30
abruptly naiows on the end opposite the | ead el enent 32 where it

t hr eadijogdy REtachessitiOsadtiPis bRl &hail JMeRudLsr iBdbaseripfetihe piston 34 is
substantially cylindrical and fornmed to sealingly engage the inner
circunference of the bore 28 and freely reciprocate therein. A closed end
i's provoo@ Figurt Be pidlseftioddl WASHEE hSinRBkEs oSPiphR0e e R;0ks88LSntoadicht
inward proximate the closed end of the bore 28 and then extends axially

out ward,.away fromthe closed end of the bore 28 The piston 34 or Figure 2
is open on the end opposite its closed end, A receptacle is formed where
the piston 34 extends axially away fromthe closed end of th.e bore 28 that
receiv ; - space
o pr oo o) FEUE §RPRAERC Bl WG HORE SRR lob M riclye Taids b Byl 00G
to the e . of sthe piston 34. .A spring 36 is shown set within the
annula#ﬁﬁﬁg%§ﬁg 'gﬁhed bet ween the cl osed end of the piston 34 and a lip 37
that projects radially inward into the open side of the bore 28. As shown,

th ' ts.a biasi f th [ 34 to . retai | ead
bl ock doEEh TS aihor PR Bt B SR bR BP Bt Y et Psinig ¢ ne
out er s¥ﬁface of the piston 34 thereby providing a seal between the piston

34 and A AHEF  Surface of the bore 28. in the enbodi ment of Figure 2, an
optional additional |ead block assenbly 24 is shown |ower in the body 25

and ju ve a rimaqf the casing_ hanger 14. [0018] Figure 1 illustrates
in a sﬁﬁ%ﬁg %&%qr%ﬁga g éfﬁswcaﬁnéxvé%%thsmw oghi lﬁgurﬁ&o%}n%fdﬂ%w o} ggreter
being inserted withi.n a well head housing 40 for |anding the casing hanger
14 wi t ARGyngdseonibe akkedd hevsisig 40. The wel | head housi ng 40, which may be
subsea, is shown set coaxially above a well bore 44 formed through a

subt erranean formation 46. The wel | head housing 40 of Figurc 3 includes a
profiled inner urface, a portion of which includes a goalie 48 shown
circunferentially fornmed



al ong the inner surface of the well head housi ng 40. Though a single groove
40 is illustrated and having a rectangul ar cross section, other fornms of
grooves are included within the present disclosure, such as nmultiple
grooves, curved cross sectional grooves, and grooves that vary in axial

| ocation within the well head housing with respect to angul ar |ocation
within the well head housing 40. 100191 Referring now to Figure 4, the
running tool 10 is shown inserted coaxially within the well head housi ng 40.
While wthin the wellh ousi.ng 40, the casing hanger 14 may be deeoupl ed
£ 1 om t hRERUFH GRFriRdton Oﬁgﬁ%ﬂﬂ'ef‘ﬂﬁ‘g‘ed within the wellhead housing 40. in the
exanpl e enbodi nent of Figure 4, two | ead bl ock assenblies 24, 242 are

i1l ustraoetl sief apatddisnadd@eRod)orahe pfeséheiidcidsukOwillead ol Rekivas sesrblfyi41l
is shown substantially aligned with the groove 48 whereas bl ock assenbly

242 is : i-al . dl - - j tive
i al g DTS e L IREF R A8 ek e SRS R icl s RO BRVLE R
242, and,gr oo 48 e.axial |ocation of .the. easing,.Ranger 14 wi.thjn the
el | hoatt Rt S ey ot e B et PRPhisE s SR SR A U RERY Hrotdpdii ol

i npression taken by one or _both of the | ead bl ock assenblies 241, 242,. The
preci si BrroafiricHas Haied i that ugimtedbsmtndingiiust wah basaratiso festrentadipars 6

| ead bl ock assenblies 24N used with the running tool 10. 100201 Shown in

Fi gur e Bovidedssthaighis dotioonalvilbetvonighmdcamtie aedbdtiutesmveyf thasdogadf tht ock
assenbly 24 engaging the inner surface of a well head housing 40. in this
exanpl einvéh@npbsh@n sBAled Sn Showm. wilgesumiagd adftrytodidevadtends thidigaxits fr thhe
running tool Ax (Figure 1) so that the mall eable | ead el enent 32A can be

pressed; RQalingk it NEetinPeS the H&d‘drﬂp%ﬁggé P%ms,%%&t%aﬂeﬁ§ﬁmé% 80 fefence and

sufficient pressing force applie _ e l'ead bl ock assenbly 24 can defb M
the | oal grunasey: For AR BEEr Ak RERLPL P TRt Pl B SRR AR 3
b T A e R R e
provi ded through hydraulic line 26 into the bore 28 for urging the piston
34 radially outward to force the | ead bl ock 32A agai nst the inner surface

of the elijheadohrusidsgtodQ.thdvbd agidcher Bk HratntIGscladieal hyt 1auiwaiodhé el i t's
position of Figure 2 defornms the spring 36 into a conpressed spring 36A

shown bgiweery theclirsed,&a6s ,fexﬁaernQ@eﬁ%}Q,norfémﬁ meR€ dhbRn3hd JRUSedBEN

hydraulic pressure is rehoved frome hydraulic [ine 26, the potenti al
energy stored.in the conpressed sprin 6A can.return the piston 34 its
post £ oo e tlie’ shEGaFRaRnERETr gt Sor S SUHES LR b shd SRy bR
wel | head hqusing 40. 100211 in one _exanpl e of operat'%n, t.he runni ng tool

| O's | oWEF'EaRtERs H1Ere avsi fsen sciopr g iiveira)ve £ o He@s %ﬁt Fritiyed st IsHis g d:
housi ng 40. The casing hanger 14 is |landed within the wellhead housing 40
and t healdepglospveific teres eaTingnivyee, ncoa phaidn pigemrichiad dessiipiyarangen!ylandiher eby
| eaving the casing hanger 14 within the well head housing 40. The ran
assenbl fpr 22 pogivst biElimbeioac tAradethglyo tietsubjke: didvdosunrdethiedne tala 128itahnchlabky al |y
| oner the seal assenbly 18 and energizing ring 20 into an annul ar space
forned hetweenrsiheppiiden coyrd ace of the casing hanger 14 and. inner surface
of the well head housing 40. Further actuation of the ram assenbly 22 urges
the energizing ring 20 between |l egs of the seal assenbly 18 to w den the

seal aspe)| Xn 18indNdcRbESEME O SEahniREINEeN it NRokaSIeNGitthRB @RS ek HidMure is
wel | head assenbly 40. Tn an exanpl e enbodi nent, the pressure seal is tested

hr ough PRa B dis iy PRIy ol B RN B RS F R B BB e
SPSRECIR T Bl M U e e S
circuit used for operating the ramassenbly 22. 100221 After

obt ai ni WEHPes diearrngpel 17 %@509Wﬁilwgt0ta@aﬂan81%r EAN S B VCERDVBHCTFBHIRF RN AL t he

the running tool 10, such as drill pipe (not shown). At least one use of the running tool 10 is for

S5



casing hanger 14 is at a proper axial elevation within the well head housi ng
40. I n one exanpl e enbodi nent of use of the running tool 10, the | ead bl ock
assenbly 24 is strategically positioned an axial distance fromthe casing
hanger 14 so that the | ead el enent 32 contacts the groove 48 when the
casing hanger 14 is at its design or specified elevation in the well head
housi ng 40. Accordingly, if the inpression 50 reflects contact with the
groove 48, casing hanger 14 alignnment within the well head housi ng 40
(Figure, 4) can verified. Conversely, if the |npression 50 does not.

e § oot UT RO i HEDGH SN 8ot Yo T S SR RYBRT N imbe
indicated. In an exanpl e, when analysis of an inpression 50 taken on the

| ead el'estAtshapngh.nl] Gatcsasplsiondigvahbehe 1wpaitdahgmnentasizmhangerekd, ped is

pl acenent of the casing hanger 14, or in an undesignated | ocation, the

r unni nghteokoupledoan dgdoyredm sechadsnwd & dii the tuneingeddl headhdhbpkiyngnd@edhanism
repositioning the casing hanger 14 within the well head housing 40. 100231

St r at egisGahbyntp@si the @ninh@l thechead kaskhassambyiA4adsti b Badapanbadym25 can
set the lead bl ock assenbly 24 at a relative distance between the casing

hanger 6]ﬁ]]@qq H APUReA gir&.@'éfg%ﬂ%ei g@@ey&giﬂ%%l&%égqf rl‘g@ﬁ}d%nre%%ﬁte e dog 16

strategically positioned asse ndi cat’es er or not

t he casipg.hanger 14 is set at desi gnated depth within the. well head

houst ngcePor T REopIFe Bn St Bratoh O eharurp e fesuthibita b1 Hagorp e
descri bes a depth wherein the casing hanger 14 is designed and/or otherw se
desi r ed'otyNHE0s BV + Apsrupniss il | halae I biassiarrgalaesemibe b itk giiheg@housingalon
of the casing hanger 14 at a designated axial l|location within the ,ead
housi ngh#@s shanwnWepadst! adaxed abwit theoutnithieohdedd horvepireessug eangesiti Ag awitléi n

t he wel | head housi ng 40. As such, an operationa step can be avoi ded by use
of the enbimimGitedlis touptaisb Mg 1BABYRE 08 rahh 5¢based2hes idd, withB24lnning tool
Optionally, as shown in a side partial sectional viewin Figure 6, an

enbodi MeNtn0fsefidnyiA %2 % 09k d0fh MRYark %s&ﬂnglg/ZE e {-tzvﬂ% F}aﬂﬂ&tllgl gl?olé@htf(;}cc% ) bl ow

out preventer (BOP) In the exanple e I men I gure rans 5
fromt .54 are,sh depl oyed.radially inward into sealing contact

W th tﬁ%’ %%%Zrlﬁ%ﬂfl %éclen%gfhetsﬁgei acsl‘%rélni%lly %?pe 52. Scaling y engaging the rans 56
with the drill pipe 52 creates a seal ed space 581; thin the BOP 54 and

wel | he | h I 10A.. i,n.an alternate .e |.e of
iee, ¢ ROV SHNghARONGulsnE EPILDR 18P a0 AR inl B BN EeF 53R
tool I CA. Wen a sufficient force | eated in the space 58, the ram
assenblYCYBHIOES LRYEA tloitnivar ol & inlead Eloglﬁepss@plyéaés FOHIN HEREY R
between t he casing hanger 14 and wel | head housing 40. Additionally, a.
resul t ARty Por ReleBygpowds iiiguzs Agniehbrasgacey 68he aprtibe ofidie dutnonggbelaiOrhaging

i npression using the inpression block assenbly 24A. Aline 60 with a val ve
62 i s sShownl dorkreetngdy LoistshevBOR st sthiahaloasw.s&hedtilvding 2dehéwiein the body

pressurized fluid to the space 58 for forcing the running tool I OA
downwand @ngkcselotd Bgintifeal@Res 88 ZahGorflsNBe bittOsirhee sealportldd @Mhexanmi@x t he
line 60 connects to choke and kill lines (not shown) haying pressurized
fluid theqeiyhs 190251 WAl 16 LS. I ' ' in
onl'y sare a2 S R e Y B B e
that it i

(hat 1ol 3pR0te 30 ALTLLofh UL, |20 SUSGEDLLDDE L0, YALL Q4R FPANGER, L gut

tool axis Ax.

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

provided on the end of the impression rod 30 outside of the bore 28. The lead element 32 can be
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Parts List 10running tool 12mandrel 14casing hanger 15depl oynent nechani sm
16dog 171 edge seal assenbly 20energi zing ring

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 from the closed end of the bore 28 that 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 open end of the piston 34. A spring 36 is shown set within the annular space retained between
the closed end of the piston 34 and a lip 37 that projects radially inward into the open side of the bore
28. Asshown, the spring 36 exerts a biasing force on the piston 34 to retain the lead block assembly
24 within the bore 28. A seal 38 is shown circumscribing the outer surface of the piston 34 thereby
providing a seal between the piston 34 and inner surface of the bore 28. In the embodiment of Figure
2, an optional additional lead block assembly 24 is shown lower in the body 25 and just above a rim

of the casing hanger 14.

[0018] Figure 3 illustrates in a side sectional view an example of the running tool 10 of Figure 1
being inserted within a wellhead housing 40 for landing the casing hanger 14 within the wellhead
housing 40. The wellhead housing 40, which may be subsea, is shown set coaxially above a well
bore 44 formed through a subterranean formation 46. The wellhead housing 40 of Figure 3 includes

a profiled inner surface, a portion of which includes a groove 48 shown circumferentially formed
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22ram assenbly 23insertion rani 24l ead bl ock assenbly 25body 26hydraulic
I ine 28bore :30i npression rod 32l ead el enent 34pi ston

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

within the wellhead housing with respect to angular location within the wellhead housing 40.

[0019] Referring now to Figure 4, the running tool 10 is shown inserted coaxially within the
wellhead housing 40. While within the wellhead housing 40, the casing 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 24, 24, are illustrated set within the body 25 of the running tool
10. Lead block assembly 24, is shown substantially aligned with the groove 48 whereas block
assembly 24, is at an axial distance below the groove 48. Thus by knowing respective axial
distances between the casing hanger 14, lead block assemblies 24, 24,, and groove 48, the axial
location of the casing hanger 14 within the wellhead housing 40 can be determined based upon an
analysis of an impression taken by one or both of the lead block assemblies 24;, 24,,. The precision
of the determination can be adjusted based upon the number of lead block assemblies 24y used with

the running tool 10.

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

block assembly 24 is substantially aligned with the groove 48, so that the impression 50 taken is of
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36spring 37lip 380-ring seal 40Wel | head housi ng 42surface 44borehol e
46f or mati on groove 50i npressi on

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 housing 40. Moving the piston 34 radially outward from its position of
Figure 2 deforms the spring 36 into a compressed spring 36A shown between the closed end of the
piston 34 and the lip 37. Thus, when hydraulic pressure is removed from the hydraulic line 26, the
potential energy stored in the compressed spring 36A can return the piston 34 to its position of

Figure 2 so that the running tool 10 may be removed from within the wellhead housing 40.

[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
assembly 18 to widen the seal assembly 18 and pressure seal between the casing hanger 14 and
wellhead assembly 40. In an example embodiment, the pressure seal is tested after being set. After
pressure testing hydraulic pressure may be supplied through the hydraulic line 26 so that an
impression 50 may be taken of the portion of the wellhead housing 40 inner surface adjacent one or
more lead block assemblies 24. The hydraulic line 26 may be part of a hydraulic circuit used for

operating the ram assembly 22,

[0022] After obtaining an impression 50, the running tool 10 can be removed from within the

wellhead housing 40 so that the impressions 50 may be analyzed for assessing whether or not the
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52drill pipe 54bop 56ram 58space 60line 62valve CLAIMS What is clained is:

casing hanger 14 is at a proper axial elevation within the wellhead housing 40. In one example
embodiment of use of the running tool 10, the lead block assembly 24 is strategically positioned an
axial distance from the casing hanger 14 so that the lead element 32 contacts the groove 48 when the
casing hanger 14 is at its design or specified elevation in the wellhead housing 40. Accordingly, if
the impression 50 reflects contact with the groove 48, casing hanger 14 alignment within the
wellhead housing 40 (Figure 4) can be verified. Conversely, if the impression 50 does not reflect
contact with the groove 48, casing hanger 14 misalignment may be indicated. In an example, when
analysis of an impression 50 taken on the lead elements 32 A indicate casing hanger 14 misalignment,
an undesired placement of the casing hanger 14, or in an undesignated location, the running tool 10
can be reinserted within the wellhead housing 40 for repositioning the casing hanger 14 within the

wellhead housing 40.

[0023] Strategically positioning the lead block assembly 24 within the body 25 can set the lead block
assembly 24 at a relative distance between the casing hanger 14 and groove 48 so that analyzing the
impression 50 of a strategically positioned lead block assembly 24 indicates whether or not the
casing hanger 14 is set at a designated depth within the wellhead housing. For the purposes of
discussion herein, a designated depth describes a depth wherein the casing hanger 14 is designed
and/or otherwise desired to be set within the wellhead housing 40. Accordingly, verification of the
casing hanger 14 at a designated axial location within the wellhead housing 40 can be obtained
without the need for pressure testing within the wellhead housing 40. As such, an operational step

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

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

running tool 10A may be operated in conjunction with a blow out preventer (BOP) 54. In the
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1. Arunning tool for inserting a support hanger into a wellhead housing
that has a profiled inner surface, the running tool conprising: a body;

a support hanger depl oynent device coupled with the body to he sel ectively
attached to the support hanger; and an inpression assenbly coupled to
t he support hanger, the inpression assenbly conprising: a nmenber that
is selectively noveable froma retracted position substantially within the
body to an extended position projecting radially outward fromthe body

tovar ds.,b hgehldgad Bf)ﬂgigg%, 1aPR8E AU ﬁa?ﬁ%P AN shown depl A&H AR Bvard into o

i npression el enent provi on an end of the nenber, thdt when’the nenber

is nmoved into th ended siti.gn,, the inpression elenment s es
agai not I ot R RO sl Rt e T Y BBy B RRR e
wel | head. housing inner sgrface iS.on th§ i_npression_ el epen

: dy*HR

. ( .. 2. The.
runni ncf Tt RIBE Vo e K77 lEd ke r &AL HES B walliehd e AP ghore g an
g

upper end of the support hanger and the inpression assenbly is nounted to
t he bodyoktlla lsenett@dicaxiabledil st Heespiqeorh ©@hée gvotHided to exgrt aThige puipiing
tool of claim1, wherein the strategic positioning places the inpression
assenblynhing &ol d&at Wanan s euffibiaht folve id arpatesis ilenpic 561 tht hen prahbly dA innesd
surface of the welihead housing when the support hanger is set at a
desi gnaiRehvaepthinibk bhd sdthee wel hieadhousbBGscen the casing hanger 14 and wellhead

housing 40. Additionally, a resultant force by pressurizing the space 58 can be used to obtain an

impression using the impression block assembly 24A. A line 60 with a valve 62 is shown connected

to the BOP 54 that can selectively deliver pressurized fluid to the space 58 for forcing the running

tool 10A downward and setting the energizing ring into the seal. In an example, the line 60 connects

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

[0025] While the invention has been shown or described in only some of its forms, it should be
apparent to those skilled in the art that it is not so limited, but is susceptible to various changes

without departing from the scope of the invention.
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4. The running tool of claiml, wherein the inpression assenbly conprises a
first inpression assenbly, the running tool further conprising a second

i npression assenbly strategically disposed a distance away fromthe first

i npression assenbly along an axis of the running tool. The m m ng
tool of claiml, wherein the inpression assenbly further conprises a
radially extending bore in the body having an open end and a closed end, a
pi ston axially novable within the bore, a spring biasing the piston against
t he cl osed end of the bore, an inpression rod having an end coupled with
the piston and a distal end connected to the inpression elenent. 6. The
runni ngartdiistof claim 1, further conprising a seal deployment assenbly
nounted to tile body for setting a seal between the support hanger and the
wel | hed@ housindg;tool7. The running tool of claim®6, wherein the inpression
assenblily i s nthngposed between the seal deploynent assenbly and the support
hanger 1depl ey#i®ntandavi ce. 8. A nethod of |anding a support hanger in a

vel I head houshipamAavidigafdlyi nner surface with a profiled portion, the

met hod ;gonpri,si ng: (a) providing a profiled portion in an inner
surfaceg,of the wellhead housing; (b) providing a running tool having
a body,,.a su ortg$ nger coupled with the body, and a selectively
ext end @Ie PHPFES gh bl ock strategically located a a position on the
runni ng coupled“het'H'et he body; (c) inserting the running tool wit
t he support "HAAHEMDIYnt o t he wel | head housi ng;

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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(d) landing the support hanger in. the wellhead housing; (e) formng
an i npression of the profiled portion of the well head housing on the

i mpression bl ock by extending the inpression block radially outward and
into contact with the profiled portion of the well head housi ng; and

(i) establishing a | ocation of the support hanger wthin the well head based
on the hed8ion of the profiled portion. 9. The method of claim 8,
further conprisino renoving the running tool fromthe well head housi ng
prior teuskepsideand visually inspecting the inpression block. 10. The

met hod of claim8, wherein the inpression block is strategically |ocated so

that Wien the inp.sion ock contacts th rof.iled ti and provi des an
mmge of t he RO EobAPt SEHTBRLD SRS RHELdrr YENbe Momure TR hetgpor
hanger is | anded at_ a designated |ocation. 11. The nmethod of claim 10,

f ur t her PEBH§st inspingrised. thavgnaingdeg! dBBAEES: t he support ha 0 and wel | head
housing. 12. The nethod of claim8, further conprising renoving the
runni ng tool afbodm t he wel | head housing prior to step (0, inspecting the

i npressi on bl ock, and when an :nace of the profiled portion is not on the
i npression bl ock, determ ning that the support hanger is away fromthe
desi gnat ed | ecappanhar@adderédnsert tdenige thepledimmtihribe body ta it sel¢chiecwedtlablead
housing to reposition the support hanger to the designated position. 13.
The et hode efiplr@idied; avder ei n the inpression bl ock conprises a first

i npression block and the position conprises a first position, wherein step
(a) thrther conprises a. second selectively extendabl e inpression bl ock
strat egi cal | yn liggadseidn adss@nisieCcanglddosi theoRuppartt henget Nk Nehpk@@lon assembly
comprising:
a member that is selectively moveable from a retracted position substantially within

the body to an extended position projecting radially outward from thc body towards the

wellhead housing inner surface, and

a deformable impression element provided on an end of the member, so that when the
member is moved into the extended position, the impression element is pressed against the
wellhead housing inner surface and an impression of the wellhead housing inner surface is on

the impression element.

2. The running tool of claim 1, wherein the body has a shoulder for energizing an upper
end of the support hanger and the impression assembly is mounted to the body at a selected

axial distance from the shoulder.

3. The running tool of claim 1, wherein the strategic positioning places the impression
assembly in a location so that the impression is of the profiled inner surface of the wellhead

housing when the support hanger is set at a designated depth within the wellhead housing.
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14. The method of claim 13, wherein the second position is set apart from
the first position by a distance along an axis of the running tool. - 15 -
in the inner surface. 16. The nethod of claim 15, Werein step (1) is
performed prior to pressure testing between the well head housi ng and the
support hanger. 17.A nethod of |anding a support hanger in a well head
housi ng4. t heThetrinodng omprafsclaga 1( ayhepeiovihdiingrassipnofss¢rald ypambproms i an fiasn
i nner surface of the well head housing; (h) providing a running tool
hayi ng ﬁ‘r‘fprédsl(ﬁlcﬁb%éknb@uﬁﬂ@frﬁmﬁ}@ﬁﬁﬂ faRBeracSBh@Ghd VeltoRK i @PERAbE dshaigssi on
bl ock strategically located at a position on the 17:inning tool;

strategically disposed a distance away from the first impression assembly along an axis of the

running tool.

5. The running tool of claim 1, wherein the impression assembly further comprises a
radially extending bore in the body having an open end and a closed end, a piston axially
movable within the bore, a spring biasing the piston against the closed end of the bore, an
impression rod having an end coupled with the piston and a distal end connected to the

impression element.

6. The running tool of claim 1, further comprising a seal deployment assembly mounted

to the body for setting a seal between the support hanger and the wellhead housing.

7. The running tool of claim 6, wherein the impression assembly is disposed between the

seal deployment assembly and the support hanger deployment device.

8. A method of landing a support hanger in a wellhead housing having an inner surface
with a profiled portion, the method comprising:

(a) providing a profiled portion in an inner surface of the wellhead housing;

(b) providing a running tool having a body, a support hanger coupled with the body,
and a selectively extendable impression block strategically located at a position on the

running coupled with the body;
(c) inserting the running tool with the support hanger into the wellhead housing;

(d) landing the support hanger in the wellhead housing;
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(c) inserting the running tool with the support hanger into the well head
housi ng; (d) landing the support hanger in the well head housing; (e)
setting a seal between the support anger and the well head housing; and

(1) during the sane trip to the well head housing as steps (a)-(e), formng
an inpression.of the profiled portjon he wel | head hgusi on the

or oot on HRSCRTY LRt GHRHOT RG thorgrated JAriroRk TEatF iy Tushard Hia
into contact with the profiled portion of the well head housing so that the
| ocat i oH"Pi§STpre binek IoHeade g iha gMRFepien thhecksiapisdy touhu#gendi 1510 idRsd Yélin be
establ i shed based on the inpression of the profiled portion, 18.The nethod
of cl ai thelFofilkhepsion Etlepwed)eaddousisg;pmidor to step (1). 19.'the nethod of
claim17, further conprising renmoving the running tool fromthe well head
housi ng and visually inspecting the inpression block prior to estinmating

t he | ocati on(f) restahbstwed lahlesadiohoefsibnguphet dangre wilppoht wlhget bisdl @ntled.
20. The nethod of claim 17, wherein the inpression block is strategically
| ocat ediripretdi@t of the profiled portion.

O The method of claim 8, further comprising removing the running tool from the

wellhead housing prior to step (f) and visually inspecting the impression block.

10.  The method of claim 8, wherein the impression block is strategically located so that
when the impression block contacts the profiled portion and provides an image of the profiled

portion onto the impression block, when the support hanger is landed at a designated location.

11.  The method of claim 10, further comprising setting a seal between the support hanger

and wellhead housing.

12. The method of claim 8, further comprising removing the running tool from the
wellhead housing prior to step (f), inspecting the impression block, and when an image of the
profiled portion is not on the impression block, determining that the support hanger is away
from the designated location, and reinserting the running tool into the wellhead housing to

reposition the support hanger to the designated position.

13.  The method of claim 8, wherein the impression block comprises a first impression
block and the position comprises a first position, wherein step (a) further comprises a second
selectively extendable impression block strategically located at a second position on the

running tool.

14.  The method of claim 13, wherein the second position is set apart from the first

position by a distance along an axis of the running tool.
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when the inpression block contacts the profiled portion and provides an
image of the profiled portion onto the inpression block, when the support
hanger is |anded at a designated |ocation. 21. The method of |aim 17,
wherein a bl ow out preventer is set on the well head housing, he nethod
further conprising foo n g a seal ed space above the running tool by

depl oyi hgy r aiffse imthitodeoflalamv & uwtheprie stepribeconamibep értrang b ngcsmhépsnt(ad gf@yve and
(1) by pressurizing the space. A well head assenbly conprising: a well head
housi ngin t8e PP fachanger coaxially landed in the housing; a profile on an
i nner circunference of the support hanger; a running tool inserted
within the casing hanger having an inpression assenbly with a cieformabie

i npressi®@n eTeneidthddat clssmSed eghdrviel yepraveabpefdriem ghie tuprkdige t@ohgand
to the inner circunference of the support. hanger, so that when the

def or my, | [ gﬁﬂ&, profile, an inpression of the
profiIegggeﬁggg%ﬁﬁhgﬂ%ﬁgg?%?%%b e ?ﬁ%?gés Sn el ement thereby establishing a
| ocation of the support hanger. 23.The welihead assenbly of claim 22,

wher ei nyf he sypRSd oMBAGRE 2 SOPpoBt BingS: #-a WARIAFhHRZNEE the method comprising:

(a) providing a profiled portion in an inner surface of the wellhead housing;

(b) providing a running tool having an attached support hanger and a selectively

extendable impression block strategically located at a position on the running tool;
(c) inserting the running tool with the support hanger into the wellhead housing;
(d) landing the support hanger in the wellhead housing;
(e) setting a seal between the support hanger and the wellhead housing; and

(f) during the same trip to the wellhead housing as steps (a)-(e), forming an
impression of the profiled portion of the wellhead housing on the impression block by
extending the impression block radially outward and into contact with the profiled portion of
the wellhead housing so that the location in the wellhead housing where the support hanger is

landed can be established based on the impression of the profiled portion.
18.  The method of claim 17, wherein step (€) occurs prior to step (f).

19.  The method of claim 17, further comprising removing the running tool from the
wellhead housing and visually inspecting the impression block prior to estimating the

location in the wellhead housing where the support hanger is landed.
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20.  The method of claim 17, wherein the impression block is strategically located so that
when the impression block contacts the profiled portion and provides an image of the profiled

portion onto the impression block, when the support hanger is landed at a designated location.

21. The method of claim 17, wherein a blow out preventer is set on the wellhead housing,
the method further comprising forming a sealed space above the running tool by deploying
rams in the blow out preventer and performing steps (d), (e), and (f) by pressurizing the

space.

22. A wellhead assembly comprising:

a wellhead housing;

a support hanger coaxially landed in the housing;

a profile on an inner circumference of the support hanger;

a running tool inserted within the casing hanger having an impression assembly with a
deformable impression element that is selectively moveable from the running tool and to the
inner circumference of the support hanger, so that when the deformable impression element
contacts the profile, an impression of the profile is made on the deformable impression

element thereby establishing a location of the support hanger.

23.  The wellhead assembly of claim 22, wherein the support hanger comprises a casing

hanger.
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