APPARATUS AND METHOD FOR DEPTH REFERENCI NG DOANHOLE TUBULAR STRI NGS
TECHNI CAL FIELD OF THE | NVENTION [0001] This invention relates, in
general, to equipnent utilized in conjunction with operations
performed in relation to subterranean wells and, in particular, to an
apparatus and nethod for depth referencing downhol e tubul ar strings.
BACKGROUND OF THE | NVENTION [0002]Wthout limting the scope of the
present -

APPARATUS AND METHOD FOR DEPTH REFERENCING
DOWNHOLE TUBULAR STRINGS

TECHNICAL FIELD OF THE INVENTION

[0001] This invention relates, in general, to egquipment
utilized in conjunction with operations performed in
relation to subterranean wells and, in particular, to an
apparatus and method for depth referencing downhole tubular
strings.

BACKGROUND OF THE INVENTION

[0002] Without limiting the scope of the present
invention, its background will be described in relation to
subsea well construction, as an example.

[0003] In constructing subsea wells, numercus tubular
stings as well as other tools and equipment are installed
within the well. Depth control and knowing the exact

space-out of these tubulars, tools and eguipment in the

AT

well 1is highly desirable for successfully and efficiently
completing the well. It has been found, however, that in
many subsea appllcations where the drilling rig is subject
to heave due to the prevailing sea state and conditions,
achieving the desired depth control and space-out 1is a

considerable challenge.
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where the &éhliing rig i% subj ect_to heave due to the prevailing sea
state and[BBAY tions) ~SEREEG mPRhEHSG T ed §BFt P EItE ol edhpead is
space-out is a considerable challenge. [0004]1n subsea applications,
t he subsehYREFEhbad Faetypieed | yrefrrensed ¥t enker poilk fépwidigle

downhol e operations. Wile the various casing strings nay each extend
fromthe QeReEraedens mnyWheles Hre sordtrgct edsindg ngteriagsr maye each
liners strings, which are casing strings that do not extend to the
wel | head, epue¢nd nfteadthee waldherdd oenguspdided fo omnistsiwde edheising
bottom of the previous casing string. Typically, such liner strings
are suspeogedow tire thequrevsiotineasi Migi ¢isi agea chisiay hangegs H=Laen
hangers or simlar packer type devices. Due to wave notion, the

drilling a69nbs e@Bshantby theviWad 1R aand pd@WI fsleald Warel Qiddi®red or
wel | head. I n conventional practice, this notion has Iimted the

preci si onsybbdn v Chran i Nesied ricRg sk kgen olrocatedpand;ianshared A
a previous casing. Thereafter, since neither the liner string nor the

l'iner hangeg; g, de@%ﬁiéﬁif&?”&?&ltf’irﬁ]&e §&‘1ﬁ§r‘?c?s weld "selﬁﬁze&olle‘%i %vj.:tl%in
uncertainty regarding the exact depth of these conponents as well as
any addi “:}?é‘a]hréwc?& Séé%i'ﬁ% &é’:ﬁlqs erelg%%) ierSUb§cer%%%ntﬂa\ﬁ§eﬁs or
installed wthrn such a Trner string. reéfore,” a nee as
arisen foéiﬁ?lgpp%kﬁ:%ﬁ'aggpe devices. Due to wave motion, the
drilling rig is constantly moving up and down relative to
the wellhead. In conventional practice, this motion has
limited the precision with which a 1liner string can been
located and anchored in a previous casing. Thereafter,
since neither the liner string nor the liner hanger 1is
depth referenced to the subsea wellhead, there is
uncertainty regarding the exact depth of these components
as well as any additional liner string, tools or equipment
subsequently installed within such a liner string.

[0005] Therefore, a need has arisen for an apparatus and
method that will enable reliable depth referencing of

tubular strings in subsea well installations. A need has

also arisen for such an apparatus and method that can



method that will enable reliable depth referencing of tubular strings

I n subsea well installations.A need has also arisen for such an
apparatus and nethod that can overcone the constant up and down
novenent of the drilling rigrelativetothe well head duri ngsubseawel |

installations. Further, need has arisen for such an apparatus and
met hod that can reduce the uncertainty regarding the depth of |iner
strings, tools or other equi pnent subsequently installed within a

previous |iner string. o
overcome thé& constant up and down movement of the drilling

rig relative to the wellhead during subsea well
installations. Further, need has arisen for such an
apparatus and method that can reduce the uncertainty
regarding the depth of liner strings, tools or other
egquipment subsequently installed within a previous liner
string.

SUMMARY OF THE TINVENTION

[0006] The present invention disclosed herein is
directed to an apparatus and method for depth referencing
downhole tubular strings. The apparatus and method of the
present invention are operable to overcome the constant up
and down movement of the drilling rig relative to the
wellhead during subsea well installations. In addition,
the apparatus and method of the present invention are
operakle to reduce the uncertainty regarding the depth of
liner strings, tools or other egquipment subsequently
installed within a depth referenced liner string.

[0007] In one aspect, the present invention is directed
to an apparatus for depth referencing tubular strings in a
wellbore. The apparatus includes a depth reference
coupling pcsitioned in a first tubular string. The first

tubular string has a predetermined length between the depth



SUMVARY OF THE | NVENTI ON [ 0006] Thepresenti nventi ondi scl osed hereinis
directed to an apparatus and nethod for depth referencing downhol e
tubul ar strings. The apparatus and nethod of the present invention
are operable to overcone the constant up and down novenent of the
drilling rig relative to the well head during subsea wel |
installations. In addition, the apparatus and nethod of the present

i nvention are operable to reduce the uncertainty regarding the depth
of liner strings, tools ar other equi pnent subsequently installed

Wi thin a BRpEREREt erciiBdd 9 nBR9st i ME eqUCFALINE onEeaSpRRES tRRANT-
present invention is directed to an apparatus for depth referencing
t ubul ar stR¢ngsPHh éeﬁéFPBG?ePTHElab%aEaﬁu§ irefddes a Weptarparatus

ref erence coupling positioned in a first tubular string. The first
also includes an indicator assembly positioned in a second

tubular string. The indicator assembly has a mating
profile operable to engage the prefile of the depth
reference coupling. In operation, the second tubular
string is run in the first tubular string until the mating
profile of the indicator assembly engages the profile of
the depth reference coupling, thereby establishing reliable
depth referencing of the tubular strings.

[0008] In one embodiment, the depth reference coupling
is operable to connect two adjacent tubular members of the
first tubular string. In ancther embodiment, the profile
of the depth reference coupling includes at least one
circumferential recess disposed in an inner surface of
thereof. 1In a further embodiment, the profile of the depth
reference coupling includes multiple circumferential
recesses disposed in an inner surface of thereof.

[0009] In one embodiment, the indicator assembly is in
the form of an indicator coupling that 1s operable to
connect two adjacent tubular members of the second tubular
string. In ancther embodiment, the mating profile of the

indicator assembly includes a plurality of locating keys.



tubul ar string has a predeterm ned | ength between the depth
reference coupling and a predeterm ned reference point. The depth
reference coupling has a profile. The apparatus al so includes an

i ndi cator assenbly positioned in a second tubular string. The

i ndi cator assenbly has a mating profile operable to engage the
profile of the depth reference coupling. In operation, the second
tubular string is run in the first tubular string until the mating
profile of the indicator assenbly engages the profile of .the depth
ref erencel®oupl i AGZTRREr eFFPESEABREshi A§Sr eMABFE d&Ftt Iéf ernci Mf
of the tubular strings. [0008]1n one enbodinent, the depth reference
coupl i ng {B39bprkabl s IEbhiccludRs adjcadént fEBaMAEY renbers of the
first tubular string. In another enbodinent, the profile of the depth
referencel@elpl i ng Imclanleshat |asclone Wie cunfegant i ainvadelssm  is
di sposed in an inner surface of thereof. In a further enbodi nent, the
profile oflitdetelRpth refsysrme Coupbepghi nalfwdeschinbt igplde installing
circunferential recesses disposed in an inner surface of thereof.

[ 0009] I n oueuweabosh rietds trhea i vl Dad 0. asBleabsystan i ind heidoram ddptan
i ndi cator coupling that is operable to connect two adjacent tubul ar
nmenbers ofetdeeseeorRdupubulyarpssit Nehed N i@nokhefi ayodiupBNEr td¥€ring
mating profile of the indicator assenbly includes a plurality of

locating ke¥Salled in the wellbore. The first tubular string has a

predetermined length between the depth reference ccupling

and a predetermined reference point. The depth reference
coupling has a profile. An indicator assembly is
positioned in a second tubular string. The indicator

assembly has a mating profile operable to engage the
profile of the depth reference coupling. A service string
assembly that 1is releasably engageable with the second
tubular string is operable to run the second tubular string
in the first tubular string until the mating profile of the
indicator assembly engages the profile of the depth
reference coupling. A suspension tool positioned in the
second tubular string is selectively operable to support
the second tubular string within the first tubular string.

[0011] In one embodiment, the indicator assembly is
positioned downhole of the suspension tool in the second

tubular string. In another embodiment, the indicator



In a further enbodinent, the mating profile of the indicator assenbly
I ncludes a collet assenbly. [0010]1n another aspect, the present

i nvention is directed to a systemfor depth referencing and
installing tubular strings in a wellbore. The systemincludes a depth
reference coupling positioned in a first tubular string installed in
the wel |l bore. The first tubular string has a predeterm ned | ength

bet ween the depth reference coupling and a predeterm ned reference

poi nt. The depth_ reference pouplb&g}has a profile. An indicatar
assenbl y ?%S%%%1¥ibﬁeﬂo?htb9%%% Q%ﬂnﬂ%HtQﬁr??ﬁﬁqﬂﬁ9qquﬁQ%%(ﬁn the

second tubular string. In this embodiment, the indicator
assembly may be retrievable to the surface with the service
string assembly once the suspension tool has-been actuated.
[0012] In a further aspect, the present invention 1is
directed to method for depth referencing tubular strings in
a wellbore. The method includes installing a first tubular
string in the wellbore, the first tubular string having a
depth reference coupling positioned therein, the depth
reference coupling having a profile; determining the depth
of the depth reference coupling relative to a predetermined
reference point; running a second tubular . string in the
first tubular string, the second tubular string having an
indicator assembly positioned therein, the indicator
assembly having a mating profile; and engaging the mating
profile of the indicator assembly with the profile of the
depth reference coupling.

[0013] The method may also include connecting two
adjacent tubular members of the first tubular string with
the depth reference coupling, determining the depth of the
depth reference coupling relative to a wellhead reference
point, determining the depth of the depth reference

coupling relative to a reference point in a third tubular



assenbly has a mating profile operable to engage the profile of the
depth reference coupling. A service string assenbly that is

rel easably engageable with the second tubular string is operable to
run the second tubular string in the first tubular string until the
mating profile of the indicator assenbly engages the profile of the
depth reference coupling. A suspension tool positioned in the second
tubular string is selectively operable to support the second tubul ar
string within the first tubular string. [0011] In one epbodi nept, .the
i Cot or S RS D! yPITERRIY o GBMRET B of i o BERBFaR {ObI TAF
the second tubul ar string. | n another enbodinment, the indicator
assenbl y FEEPOLi FFRRERT uphbtRT of L thetRespRASFHNCE 0dF S PPt e SRERFHNY
tubular string. In this enbodiment, the indicator assenbly may be
retri evabfePter2hetBupf atecarino t RRYSerli e st rihep be’s el glolit ev i tHe
suspensi on tool has been actuated. [0012] In a further aspect, the
present iwvenpbrofiils difr ddteeddeptherhbarenre depthlief erencinggatioigulsar
strings in a wellbore. The nethod includes installing a first tubular
string i nctheewehbbenke]lyt hé thestindilbalter stssiemdpllyawiing ahdepitofile
reference coupling positioned therein, the depth reference coupling
havi ng a pf ofhd edemiet erdfiavaigd heugaptlg.of the depth reference
coupling relative to a predeterm ned reference point; running a
second tubul ar string sRIitheckscstpt byl @r =i iDWwNGg second tubul ar
string having an indicator assenbly positioned therein, the indicator
tassenbly Peyisfg a nedi ng RERE 1 L&np Aotk EMGAGH 10k A6 JTBd # Ngh Prafd .8 of
the indicator assenbly with the profile of the depth reference

coupl i ng. 0 h incl cti dj:ac

t ubul ar n%ﬁge%gbgpg?ﬁggf?gspﬁ%ﬂgéféﬁéﬂgrFﬁgegf?ﬁﬁihgggg%gﬂcge %rgﬁ%g
coupl i ng, er.m nj t h ent h _ref n Lin
relative I{lgga v%regi I Q%d d}régc gﬁ%tﬁceg%)%%%%&d% eP%i nﬁf"g gﬁé’%gggf’h gaflcfrfge
depth refer ncetgoupling relative Lo a referencelﬁgint in a thing
tubul ar 4% ngt"BonREEETRG Y W89 adj d8ERE >t ubdt ar® er S°of* te -
second tubular string with t i ndi cat.or assenbly, engagi ng a )

ol ural ity RGrT Bt g TS O TERENF nd GG ANl i s PR THPHIHIN o
of the depth reference coupling or engaging a collet assenbly of the
i ndi cat orPassenY ¥ thidke profile of the depth reference coupling.

[0015] Figure 1 is a schematic illustration of a subsea
drilling and production facility positioned above a subsea
well operating depth referencing assemblies according to an
embodiment of the present invention:

[0016] Figure 2 is a cross sectional view, partially in
quarter section, of a depth referencing assembly according
to an embodiment of the present invention:

[0017] Figure 3 1is a cross sectional view, partially in
quarter section, of & depth referencing assembly according

to an embodiment of the present invention;



BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] For a nore conpl ete

under standi ng of the features and advantages of the present

I nvention, reference is now made to the detail ed description of the
i nvention along with the acconpanying figures in which correspondi ng
nunmerals in the different figures refer to corresponding parts and in
whi ch: [0015]Figure 1 is a schematic illustration of a subsea
drilling and production facility positioned above a subsea well
operati ng 88?%5 r ef rencing assenbl i es acc%pding to an enbodi nent of
the preseh ent i oFU 0061 Ri Gure sSi RGeS Bt ob it Witewy 1P
partially in quarter section, of a depth referencing assenbly .
accor di ngTE®r 5BT eABBELARNt O6f 2 HEResEhte 9 RAEMY o sembly according

to an embodiment of the present invention:

[0019] Figure 5 is a cross sectional view, partially in
gquarter section, of a depth referencing assembly according
to an embodiment of the present invention; and

[0020] Figure 6 1is a cross sectional wview, partially in
quarter section, of a depth referencing assembly according
to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE TINVENTION

[0021] While the making and using of wvarious embodiments
of the present invention are discussed in detail below, it
should be appreciated that the present invention provides
many applicable inventive concepts which can be embodied in
a wide wvariety of specific contexts. The specific
embodiments discussed herein are merely i1llustrative of
specific ways to make and use the invention, and do not
delimit the scope of the present invention.

[0022] Referring initially to figure 1, a subsea well is
being constructed wutilizing the apparatus, system and
methed o©f the present invention for depth referencing
tubular string that 1s schematically illustrated and

generally designated 10. A floating o0il and gas drilling



[0017]Figure 3 is a cross sectional view, partially in quarter
section, of a depth referencing assenbly according to an enbodi nent
of the present invention; [0018]Figure 4 is a cross sectional view,
partially in quarter section, of a depth referencing assenbly
according to an enbodi nent of the present invention; [0019]Figure 5
Is a cross sectional view, partially in quarter section, of a depth
referenci ng assenbly according to an enbodi nent of the present

inventionéngn%roduction platform facility 12 is positioned over a
subsea well 14 below seafloor 16. A subsea conduit 18
extends from floating facility 12 to a subsea well
installation 20.

[0023] The well penetrates the wvarious earth strata to
form wellbore 22. Disposed within wellbore 22 is a casing
string 24, such as a conductor casing, which 1s preferably
cemented within wellbore 22. Casing string 24 is typically
formed from a plurality of steel pipes that are male
threaded o¢n each end and connected with short lengths of
double-female threaded pipe called couplings. In the
illustrated embodiment, only the special coupling of the
present invention is depicted separately from casing string
24, Specifically, a depth reference coupling 26 forms a
portion of casing string 24 connecting two adjacent casing
members together.

[0024] Partially disposed within and extending beyond
casing string 24 1s a ~casing string 28, such as an
intermediate casing, which 1is preferably cemented within
wellbore 22 and constructed of a plurality of male threaded
steel pipes connected with double-female threaded couplings
therebetween. In the illustrated embodiment, only the

special couplings of the present invention are depicted



[0020] Figure 6 is a cross sectional view, partially in quarter
section, of a depth referencing assenbly according to an enbodi nent
of the present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON

[ 0021] Whi | e the maki ng and using of various enbodi nents of the
present invention are discussed in detail below, it should be
appreci ated that the present invention provides nmany applicable

i nventive concepts mhich can be enbodied in a wde variety of
specific contexts rgIgemflc enbodi nment s dlscussed herein are

nerely |IF%%?¥%E?%% 0 ecFRPE GayStEdNFakéBand usPIN iGhtdnti orfD
and do not delimt the scoEe of the present invention.
[ 0022] Ref €1 ®YCPHi t PAFPYOLYD fFiQHiiétﬁd adsubs@d iwarteri s geidgng 30
constructed utilizing the apparatus, system and nmethod of the present
i nvent i oncponredept Awpefagij@anenitg dasulcarnetrd iy thaethier sehémat idsatthy
illustrated and generally designated 10. A floating oil and gas
drilling reference coupling 32 connects two adjacent casing members
together. Alternatively, the indicator assembly could be
in the form of a sleeve or mandrel positioned in a known
location externally of casing string 28 without providing
the coupling function. In the 1illustrated embodiment,
casing string 28 is supported within casing string 24 by a
suspension tool 34 which may be a liner hanger, a screen
hanger, a packer type device or other suitable sealing and
anchoring assembly.
[0025] Currently being installed within and extending
beyond casing string 28 is a casing string 36, such as a
production casing, which 1is preferably cemented within
wellbore 22 and constructed of a plurality of male threaded
steel pipes connected with double-female threaded couplings
therebetween. In the 1illustrated embodiment, only the
special coupling of the present invention is depicted
separately from casing string 36. Specifically, an
indicator assembly depicted as indicator <coupling 38

connecting two adjacent casing members together. Casing

string 36 includes a suspension tool 40 that will support

10



and production platformfacility 12 is positioned over a subsea wel |
14 bel ow seafl oor 16. A subsea conduit 18 extends from fl oating
facility 12 to a subsea well installation 20. [0023] The well
penetrates the various earth strata to formwell bore 22. D sposed
within wellbore 22 is a casing string 24, such as a conductor casing,
which is preferably cemented within wellbore 22. Casing string 24 is
typically formed froma plurality of steel pipes that are nale

t hreaded on each end and. connected wi th short | engths of

doubl e- f ef&F €% hPEAdBE pideeAMHRd CEGEPFi iYsti1h £he YA USIF iR on -
enbodi nent, only the special coupling of the present invention is
depi ct ed Sepahat el dLyTlormtiasi ARPIRHTeRE 24 caspadi fSteaingy, 3@ dapt Hoeen
ref erence coupling 26 forms a portion of casing string 24 connecting
two adj acewnr dasihgleeabetbet 66t Rér a [WGOX]Pariricaldy sk spiosed Witd n
and extendi ng beyond casing string 24 is a casing string 28, such as
an i nternedi at e Xassewygiaoshi dAtrdisigpr eseeablly cédentetleasdilyn vesdidlorse
22 and constructed of a plurality of male threaded steel pipes
connect eds#tt hedcuht ind ertalte tdwsdadedteaugl Bags t her ebetween. In the
illustrated enbodi nent, only the special couplings of the present
inventioni@g®edepi cietferably, casing string 24 is connected with

subsea well installation 20 wvia a portion of the wellhead
known as a casing hanger (not pictured). The location of
the casing hanger is known. Likewise, the distance casing
string 24 extends downwardly into wellbore 22, the casing
string length, is also known. Depth referencing of any
location within casing string 24 can thus be accomplished
relative to the known and fixed position of the wellhead.
As such, the location of depth referencing coupling 26 in

the wellbore can be precisely determined relative to the

wellhead.

(
[0027] As illustrated, casing string 28 has been
installed within casing string 24. During the installation

process, casing string 24 1is run in the well on a
conveyance such as service string 42 until indicator
coupling 30 of «c¢asing string 28 engages with depth
reference coupling 26 of casing string 24. Preferably, the

engagement of 1indicateor coupling 30 and depth reference

11



separately fromcasing string 28. Specifically, an indicator assenbly
depicted as indicator coupling 30 connects two adjacent casing
nmenbers together and a depth reference coupling 32 connects two

adj acent casi ng nenbers together. Alternatively, the indicator
assenbly could be in the formof a sleeve or mandrel positioned in a
known | ocation externally of casing string 28 w thout providing the
coupling function. In the illustrated enbodi nent, casing string 28 is
supported within casing string 24 by a suspension tool 34 which may
be a |inefoRBIYRY, 28 dcr GFRFANGE, I parkere t Ypendeviies sxagPder =
sui tabl e sealing and anchoring assenbly. [0025] Currently bei ng

i nst al | ed“¥ +BF n 2886MEXYendiaty B&Ponke tasPlg Kiw i hgkes ias Almisipd
string 36, such as a production casing, which is preferably cenented
within webébove 2Righd tworsagmnict @d léfey ptupmaing ywefghal eesbroadedt
steel pipes connected with doubl e-femal e threaded couplings

t her ebet welea. burtfheei | lWwstr at 2ot erdiodiorentocomty. t he $peci adxample,
coupling of the present invention is depicted separately from casing
string 36deopedididgcahl yheanesnghcatfornnasserbly cdepiléhed 3@s dnadi dattor
coupling 38 connecting two adj acent casing nenbers together. Casing

string 36rénetaisles eosHBEPENS?ONahodhc4BakBab rwidlol, 09UPRRINdSCAY Mbre
string 36 within casing string 28 upon actuation. In the illustrated

enbodi meniy, GakRY SiiiRg 3R NAR Desm & UBdwahp! & opnthe 1gRd10fc i«
work string or service string 42. A service string assenbly 44

T OSar e RO ST T M R0, 00uBRing 26 pave
- engaged. Thereafter, suspension tool 34 1is actuated to
sealably and grippingly secure casing string 28 within
casing string 24.
[0028] The location of depth referencing coupling 26 1is
known and thus the location of indicator coupling 30 is
known. Likewise, the length of casing string 28 is known.
Depth referencing of any location within casing string 28
can thus be accomplished relative to the known and fixed
position of the wellhead. As such, the location of depth
referencing coupling 32 in the wellbore can be precisely
determined relative to the wellhead.
[0029] As further illustrated, casing string 36 is being
installed within casing string 28. During this process,

casing string 36 is run in the well on service string 42

until indicator coupling 38 of casing string 36 engages

12



subsea well installation 20 via a portion of the well head known as a
casi ng hanger (not pictured). The location of the casing hanger is
known. Likew se, the distance casing string 24 extends downwardly
into wel |l bore 22, the casing string length, is also known. Depth
referencing of any location within casing string 24 can thus be
acconplished relative to the known and fixed position of the
wel | head. As such, the location of depth referencing coupling 26 in
the wel | bore can be precisely determ ned r@%ative to the wel | head,
[0027] As THHustTeR %%&nﬁeﬂ RgUB8LRds treerPli nSEAPEd dFFHIR 2B-
casing string 24. During the installation process, casing string 24
is run i nfP¥RESTRP1Yon tAScofPeyamBensud adndéfdtes siQUg R datiand
i ndi cator coupling 30 of casing string 28 engages with depth

ref er encedeptipl rafepenet easkhiyn®t37 ngr Dagery ef ek Bid Y, retvel eh gegyegtent
of indicator coupling 30 and depth reference coupling 26 is

mechani catespomst ur eatusi ngye f orsvexXamel e, waeool | éhtasgsenbby, |ocating
keys or the like, as discussed below, which triggers a |iner running
wei ght respensefadr t heuspefaten whenl i nDemagt iben aotidted Ror  exargH ey
dependi ng on the design of indicator coupling 30 and depth reference
coupl i ng 26d afr ipEILABE 9 c12fs 009s POYNEISr Dy NMPE Ewi th il NeL s TN 1l ng
wei ght coul d be used as the signal that indicator coupling 30 and
depth refggencengoupks fgor6ohaNepeNIpgeredbieifald 851 irsisPensd omdwp!
34 is actuated to seal ably and grippingly secure casing string 28
within caghageshil nh241oL 0025 The ogaldan Ofcdapiing eher euci ity
coupling 26 is known and thus the |ocation of indicator coupling 30
s known., b keyise, 0e,LaROLN 0F LASINO SLTINQ 28 LS kagum. Depidly
referencing or any location w thin casi'ng strihg 28 can thus be
acconplispe e£qggﬂ%ve t0 éye n%Mn.agd fjﬁgd position aof the 3

vel | head. "2sTSUCH "T hé&™l otat i off Sftlgept"ﬁltf Jfr}ergﬁéilﬂa csgclﬁﬂr]gng 52 Ehoh
the wel |l bore can be precisely determned relative to the wel| head.
[ 0020] As FHTE hate 134T et atog P Fi ngO36Ehe bepigh and | Fived

position of the wellhead.

[0030] Even though figure 1 depicts a well having three
casing strings, it should ke understood by those skilled in
the art that any number of casing strings may be deployed
within a well without departing from the principles of the
present invention. In addition, even though figure 1
depicts an offshore well environment, it should be
understood by those skilled in the art that the
apparatuses, systems and methods of the present invention
are equally well suited for use in asscciation with onshore
well operations. Further, even though figure 1 depicts a

vertical well, it should be understood by those skilled in

13



installed within casing string 28.During this process, casing string
36 is run in the well on service string 42 until indicator coupling
38 of casing string 36 engages w th depth reference coupling 32 of
casing string 28. Preferably, the engagenent of indicator coupling 38
and depth reference coupling 32 triggers a |iner running weight
response at the surface when interaction occurs. Thereafter,
suspension tool 40 nmay be actuated to seal ably and grippingly secure
casing string 36 within casin string 28. The location of depth

ref er enci Ebecéﬁﬁl i T 32518 I@ﬁ’g’\ﬁﬁaéﬁa FhusHHEMo At oiebRrOfRdiPlatidte
coupling 38 is known. Likew se, the | ength of casing string 36 is
known. DeBFfSeRt efBHENAGOBF &Ry AB@atiYor'8di 4 hi ¥ @i Agr stEPnd 367N
t hus be acconplished relative to the known and fi xed position of the
wel | head. h§po39] Eveartheiioughdt kgof eonabepi cion 4 owgkic ikagi ng iteleding
casing strings, it should be understood by those skilled in the art
t hat any honbeentdl casiwaglstri ngsvimyee deplldped widlhmtea welvells,
wi t hout departing fromthe principles of the present invention. In
addi t i on, mevenl 4 hetegh ¢ Dl earld deps ct skan ofésdwdangiet,l Envdrannends
it should be understood by those skilled in the art that the

appar at usesde 8¥15é &5 bandr s hodx i 0f ctihei Pr esentadtNvenkt o eusguadd y
wel | suited for use in association with onshore well operations.

Further, gveacthomah fiauwe Ldepi Gls apveeti cb1¥g! | uppeshoulg,die

understood by those skilled in
upward, downward, left, right, uphole, downhole and the
liké are used 1in relation to the illustrative embodiments
as they are depicted in the figures, the upward direction
being toward the top o¢f the corresponding figure and the
downward direction Dbeing toward the beottom of the
corresponding figure, the uphole direction being toward the
surface of the well and the downhole direction being toward
the toe of the well.
[0031] Referring next to figure 2, one embodiment of a
depth referencing assembly 1is depicted and generally
designated 100. Depth referencing assembly 100 includes a
depth reference coupling 102 that connects or joins tubular
member 104 and tubular member 106 through <threaded
connecticons 108 and 110, respectively. Additionally, depth

reference coupling 102 includes an internal profile

depicted as a circumferential slot or recess 112 that is
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the art that the apparatuses, systens and nethods of the present
invention are equally well suited for use in well

havi ngot her di recti onal confi gurati onsi ncl udi ng hori zontal wells,
deviated wells, slanted wells, multilateral wells and the Iike.
Accordingly, it should be understood by those skilled in the art that
the use of directional terns such as above, bel ow, upper, |ower,
upward, downward, left, right, uphole, downhole and the |ike are used
inrelatiqon to the illustrative enhodi ments as they are depicted in
the fi gur‘g§?p?ﬁ%d UPWRT P T YRy dHrrtBEirth]i ARG tfnbeytjoﬁsile‘oﬁc Hetace of
corresponding figure and the downward direction being toward the

bot t om of A¢Reh c5FEREPRRRI RGUPL T el 0L he BSKEIEE dilfedtticds séilyg Nedwat d
the surface of the well and the downhol e direction being toward the
toe of thedwel¢. 1peesl|Refi@cs nhl herndt @rf | jrekined ope aspedidmeureof
a depth referencing assenbly is depicted and generally designated
100. Deptbhurtdies ehtbnghassemrbivyde0e immeidedesrd nedeptre srieftenercec the
coupling 102 that connects or joins tubular nenber 104 and tubul ar
menber 106otémenigh dhr eadechatehnegt i ere£i08 antdckliGedr epeatdivel yv.as
Additionally, depth reference coupling 102 includes an internal
profile deppriste@spalstrcunferential slot or recess 112 that is

[0032] Depth referencing assembly 100 further includes
an indicator assembly depicted as indicator coupling 118
that cﬁnnects or Jjoins tubular member 120 and tubular
member 122 through threaded connections 124 and 126,
respectively. Indicator coupling 118 includes a mating
profile depicted as collet assembly 128, which has a
plurality of collet fingers 130 that are circumferentially
disposed about the outer surface thereof. Each of the
collet fingers 130 include a head or protrusion 132 that is
shaped and sized to engage with recess 112. Although a
particular number of <collet fingers 130 are shown,
indicator coupling 118 may include a greater or lesser
number of collet fingers 130. Also, even though collet
assempbly 128 is depicted as having collet fingers 130 with
a single head 132 at the ends thereof, it should be
understood by these skilled in the art that the collet

fingers could alternatively have protrusions at cther axial
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di sposed substantially within or about the inner surface of depth
reference coupling 102. Recess 112 preferably has a square | ower
surface 114 and an inclined or ranped upper surface 116 that provide
a predeterm ned resistance to the novenent of a matching profile
recei ved therein, as explained below [0032]Depth referencing
assenbly 100 further includes an indicator assenbly depicted as
i ndi cator coupling 118 that connects or joins tubular nmenber 120 and
t ubul ar ngnber,lZZ tErough threade%gcognecti ons_124 and 126,
respect i veP§2 L HNYP cALBRICHUS! iHFP 98 GincluBeSCALREt it IFEST i9te could
depicted as collet assenbly 128, which has a plurality of collet
fingers 1B8VEhaL1&Li@Llei MR BIEMSal #{0RF spbsed asilt  Phe thet efollet
surface thereof. Each of the collet fingers 130 include a head or
protrusi ohingers hain¢udhupedran¢xsilugdngo shgagendi t ffr ecless adplet
Al t hough a particul ar nunber of collet fingers 130 are shown,
i ndi cat or ftogpr$ ngsd 18larey iawc! wie amgreaper popfliésserf nuniber ofilet
collet fingers 130. Also, even though collet assenbly 128 is depicted
as havi ngasedhiety f nagehss 13@ Jist ukd esi gl enbeqd %32hatthichererfdde of
thereof, it should be understood by those skilled in the art that the
col l et fingersoensdgbradief naddtrelne fhavacer ebugsiags at ot her axi al
| ocations along the length of the collet fingers or could have
nul tiple ps@ssysi onss al ongsthe-denatdn fs themgald etzd i hgersyd nck i ng
(gr ](ca_x?:I udingpt heé%eindt of thﬁbfm | et fgl ngers so long as the mating
rofile o S i §.a - ge.W
profile ofe{ti hicgor ri’sp%ﬁglﬁng %ae{pr?tﬁﬁr gf eﬁ%c%ec%ﬁﬁ%g. i go§§] E’sﬁg&?
ilustrat grqxuafﬁ l e&hggngﬁﬁsljnacoo iggsp{lgc}nergﬁ&y tlh%%r %%{t%%lde’mftyv?ahrc}lh t
t hey may be positioned or bi'ased 1 nwardly eén run into position and
then extend outwardly. engage W recess 112.. Preferably, ess
112 is fo ?rec?rﬁﬁagtehe%il%ﬁerr%ﬁ(%sacéltl%r‘ val r%ﬁe%aekbph ré@gﬁéﬁce{ff 8
coupling 102 such that it provides_a uni que file aor shape for
enongi ng SOBIY T Gl af P emcirs Tpr ORF FACH! AindlBaLor G odBP Ty SoiEs F Fisie
exanple, lower surface 114 of recess 112 has a substantially square
shoul der to'Rhiage 18%si Aifar IGrashaped REGYAESsup f a6 B pBEPE dAS ofOr
protrusions 132 to enable a significant liner running weight response
to be regfhiRe efOr LPRSIWERY ppRFtiseifacaannofprekess aff 2indicator
inclined or ranped to engage a simlarly shaped ranped side or
portion ofoypbinqsl bhs 182r toxarald e botdretsifayer sl UBER ordsress 112
di sengaged fromrecess 112 thereby enabling an upward novenent of the
i nner tubuwkar astsbsg aneliatlilye sqmatrize siudwerddibud apngtgeng i $indelssrlad.

shaped square surface or portion of protrusions 132 to
enable a significant liner running weight response to be
registered. Likewise, upper surface 116 of recess 112 1is
inclined or ramped to engage a similarly shaped ramped side
or portion of protrusions 132 to enable collet fingers 130
to be disengaged from recess 112 thereby enabling an upward
movement of the inner tubular string relative to the outer

tubular string if desired.
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and tubul ar nenbers 104, 106 are preferably part of an outer casing
string, such as casing string 24. Likew se, indicator coupling 118
and tubul ar nenbers 120, 122 are preferably part of an inner casing
string, such as casing string 28. In this exanple, the outer casing
string will have an upper end that is engaged or supported by an
assenbly or apparatus, such as subsea well installation 20 having a
known or fixed position. The length of the outer casing string

bet ween t er suppqrted end and the | ocation of depth reference
coupt i ng LB9SRE T AR El et an bk KEan SoPhils "aABERAG R 1no. 102
referencing with the upper supported end. Once indicator coupling 118
has engag®dd witirdest hpePerencd coupl P ngrro2PreherfBLit iRy tof o an
i ndi cator coupling 118 is now known. Additionally, the |length of the
i nner casPwEEst FRAGNBettREERT NFUERt 6FS coaplingsti8nanddi-t | bikewiar)
is predeterm ned or known, thereby providing reliable depth
referenci mgdicatny lcovatlion althgarhe twngtdr ofitemhersontidthedlédsiawe
system As discussed above, the inner casing string could al so
utilize apdeptiabsef epenteoctowpl i hthgr oxasbt® stsihgyesuend asucde dinas
anot her inner casing string could be installed therein and depth
referencesgittin@ kaown mndeifixedxzimené ] othe bA03%] Refsengl g Aiext wioll
figure 3, one enbodiment of a depth referencing assenbly is depicted

and genergdvy dasi gpated 2089. Repith nef eEgPsidg assermhhbyo20@4i Nel udss

a depth reference coupling 202 that connects or joins tubular menber

1204 and té@é%r%la%*%?eép 9Bt R oughchhrneaded canneagl Oi%t%qela\aﬂ 2

respectively. Additionally, depth reference coupling 202 i ncludes an

rocesses D190 e FRathaPe 51 2scRR-Ehahant nh y MR B for MbGU e

recesses at are substanti all inor a

i nner surface of depth reference coupling 202. In the illystrate
enbodi mentes Tibest By ' SEEWEaRn REPE Witk o Sk o0 1 gbds - the

i nclined gr ra ed upper surfaces that proyjde Zogredeter i ned .

resi st ance®td 1 vERETY of S lthi Rt B9 | £0F eddl VREFHET B e hs

expl ai ned bel ow. [0036] Dept h referenci ng assenbly. 200 further
i ncl udes and known, thus enabling deptll referencing with the upper

supported end. Once indicatcr coupling 118 has engaged
with depth reference coupling 102, the location of
indicator coupling 118 is now known. Additionally, the
length of the inner <c¢asing string between indicator
coupling 118 and it lower end is predetermined or known,
thereby providing reliable depth referencing to any
locaticen &long the length of the combined casing system.
As discussed above, the inner <casing string could also
utilize a depth reference coupling proximate its lower end
such that another inner casing string could be installed

therein and depth referenced to & known and fixed location.
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an indicator assenbly depicted as indicator coupling 218 that
connects or joins tubular nmenber 220 and tubul ar nmenber 222 through

t hreaded connections 224 and 226, respectively.Indicator coupling 218
includes a mating profile depicted as | atch assenbly 228, which has a
plurality of |ocating keys 230 that are circunferentially di sposed
about the outer surface thereof.Each of the |ocating keys 230 incl ude
a pair of protrusions 232, 234 that are shaped and sized to engage
with rece 12, 214 of, depth reference coupling 202, Al though a
bar i cul Al Ofaber | oo TSRaiTHIRED S E930E Ak Showno TP naTBACGHSBbUAS 1
218 may include a greater or |esser_nunber of |ocating keys 230.

Al so, evefAePRBugKheESEERCARS ey ePPAYi s idepitaRiFtes haifithg Poratdhyy
keys 230 with a pair _of protrusions 232, 234, it should be understood
by those SRFigedted 2RE. ar Lepilt aferepcanong kePdlyo AP includes a
alternatively have any type or design of mating profile so long as it

mat ches odepsh abééeroneagagepind 202 praf i tenmwictheoxojeEsponddbmpr

depth reference coupling. [0037]As illustrated, |ocating keys 230 are

preferabl yember 204 and tubular member 206 through threaded
connections 208 and 210, respectively. Additionally, depth
reference coupling 202 includes an internal ©profile
depicted as a pair of circumferential slots or recesses
212, 214 that ére disposed substantially within or about
the inner surface of depth reference coupling 202. In the
illustrated embodiment, recess 212, 214 each have square
lower surfaces and inclined or ramped upper surfaces that
provide a predetermined resistance to the movement of a
matching profile received therein, as explained below.

[0036] Depth referencing assembly 200 further includes

an indicator assembly depicted as indicator coupling 218

P

that connects or Jjoins tubular member 220 and tubular
member 222 through threaded connections 224 and 226,
respectively. Indicator coupling 218 includes a mating
profile depicted as latch assembly 228, which has a
plurality of locating keys 230 that are circumferentially
disposed about the outer surface thereof. Each of the

locating keys 230 include a pair of protrusions 232, 234
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retractable, such that they may be positioned or biased i nwardly when
run into position and then extend outwardly to engage with recesses
212, 214. In the illustrated enbodi nent, springs 236, 238 provide the
outwardly biasing force. Preferably, recesses 212, 214 are fornmed in
the inner surface or wall of depth reference coupling 202 and provide
a unique profile or shape for engaging a particular mating profile of
i ndi cator coupling 218. For exanple, the |lower surfaces of recesses
212, 214 have a substantially square shoul der t.Q engage a sim]|ar
Shaped sqhGlE chef SDEDBH BB PORCHT To GiARGcot BS T L CheR o Mol &
significant |liner running weight response to be registered.

Li kewi se, O h&laiiSer TefipFaRte’ SPuPddedsesV212, BAUNQHE | Acl PHel Gtiar
ranped to engage a similarly shaped ranped side or portion of

prot rusi opgmPeD  0f34 acgtdmabl kevocad? ngrReEoNB0 tif P adicde nerigrebing
fromrecesses 212, 214 thereby enabling an upward novenent of the

i nner tubBlarmayringludd ati geecdvet her olkeser ubwhzer sof | hecd fimesiayed.
[ 0038] As di scussed above, depth reference coupling 202 and tubul ar
menbers 203¢. 206.1ame prvefrerabdbyglpatdtai assewbry £2a8i ng staping.edsuch
as casing string 24. Likew se, indicator coupling 218 and tubul ar
menbers 2R8vik@2lacetphefl e/al yopar vieh an paner ocagrg rilshiiong, =3ich
as casing string 28. In this exanple, the outer casing string wl|

have an uppg; end drhafld So&ndagedsbo&UBROriRkd Osaim assenhl ¥ her art
apparatus, such as subsea well installation 20 having a known or

1 xed posialonendneobensld lyd oo oud o5 Caslag Ry HLRELNREN Jde or
upper supported end and the location of depth reference coupling 202
i s predet ] hed_ an - enabl th.r [ it e
upper sup%%?% d 8ﬁdga§2§§nPﬁg?ggﬁoggﬁéﬁgﬁ1ﬁ%gzg% ﬁégggﬁgaggdgﬁlﬁgﬂé
depth refgrence coupli.ng 2 the Locatiao i ndicator couplin 8
e now Knbtin SR | SHAT1 v CTEhe TRAOTD G ¢ N6 nHeF TEaer gL ae r g
between indiLcator coupling 218 and it |ower end is predeterm ned or
known, theTeBYEProvi Hﬁjéasliable depth referencing to any |ocation
along the | ength of_ the conbined casing system As _discussed above,

t he inner [%%é"?]ng sthd nylLotter i do LEFF LI aka¥pt k3P effdfe e oA ithg
proximate its | ower end such that another inner casing string could
be i nst al FeEr3teteitr afdChepiR efBRENCRRY t BCa RITOVIN. ARE f PXedPiased

| ocation. [0039] Referring next to figure 4, one enbodi nent of a
dept h ref epeedky uieenplby iiftdeppesedl Andagensnghl Exdesiognat ek 3O,
Depth referencing assenbly 300 includes a depth reference coupling
302 that tonmectageor wiibhnsrecdndes @ERZber 2304 andnt ubbkari Wenderat3gb
t hrough t hreaded connections 308 and 310, respectively. Additionally,
dept h ref etledntenaoupl spgi 392 2RE) udes amcwvitier nale profidrellde cisicheas
@ circunferential slot or recess 312 that is disposed substantially
W thin orfebes! therdneibisurfaseeobesdeptiz,refesrence cdddgid0dhe
Recess 312 preferably has a square | ower surface 314 and an inclined
or ranped; ppper ssHEfese 316 hhatoProupee acpeedgter gbugdi hgshabangsy
to the novenent of a matching profile received therein, as explained

bel ow. [094Q}Repth §ef &L enc) Nig A SEl - R00 Surd el i LI PSS +i cular
mating prcfile of indicator coupling 218. For example, the
lower surfaces of recesses 212, 214 have a substantially

square shoulder to engage a similarly shaped square surface

or porticn of protrusions 232, 234 to enable a significant
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an indicator assenbly depicted as indicator coupling 318 that

connects or joins tubular nmenber 320 and tubul ar nmenmber 322 t hrough

t hreaded connections 324 and 326, respectively.Indicator coupling 318

includes a mating profile depicted as collet assenbly 328, which has

a plurality of collet fingers 330 that are circunferentially disposed

about the outer surface thereof.Each of the collet fingers 330

I ncl ude a head or protrusion 332 that is shaped and sized to engage

with recess 312. As illustrated, collet fingers 330 are preferably

retract abl €1e5uERNPRRE HREGhERYFCBBOPES ticoked %95 i nwek kWi sthen

run into position and then extend outwardly to engage with
the upper surfaces of recesses 212, 214 are inclined or
ramped to engage a similarly shaped ramped side or portion
of protrusions 232, 234 to enable leocating keys 230 to be
disengaged from recesses 212, 214 thereby -enabling an
upward movement of the inner tubular string relative to the
outer tubular string if desired.

( [0038] As discussed above, depth reference coupling 202
and tubular members 204, 206 are preferably part of an
outer casing string, such as casing string 24. Likewise,
indicator coupling 218 and tubular members 220, 222 are
preferably part of an inner casing string, such as casing
string 28. In this example, the outer casing string will
have an upper end that is engaged or supported to an
assembly or apparatus, such as subsea well installation 20
having a known or fixed position. The length cf the outer
casing string between the upper supported end and the
location of depth reference coupling 202 is predetermined
and known, thus enabling depth referencing with the upper
supported end. Once indicator coupling 218 has engaged
with depth reference coupling 202, the locatien of

indicator coupling 218 is now known. Additionalily, the

length of the inner casing string between indicator
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recess 312. Preferably, recess 312 is forned in the inner surface or
wal | of depth reference coupling 302 such that it provides a unique
profile or shape for engaging a particular mating profile of
i ndi cat or coupling 318. [0041] As di scussed above, depth reference
coupling 302 and tubul ar nenbers 304, 306 are preferably part of an
outer casing string, such as casing string 24.Likew se, indicator
coupling 318 and tubul ar nenbers 320, 322 are preferably part of an
i nner casi ng string, such as casing string 28. Unlike the enbodi nent
of figurecauPhbi@ver? taie | AheloWasi Mt +F n§refefpgurecd oacl kvgia
suspensi on tool 334 having one or nore sealing elenents 336 and one
or nore thereby providing reliable depth referencing to any
location along the length of the combined casing system.
As discussed abkove, the inner casing string could also
utilize a depth reference coupling proximate its lower end
such that another inner casing string could be installed
therein and depth referenced tec a known and fixed location.
[0039] Referring next to figure 4, one embodiment ocf a
depth referencing assembly is depicted and generally
designated 300. Depth referencing assembly 300 includes a
depth reference coupling 302 that connects or joins tubular
member 304 and tubular member 306 through threaded
connections 308 and 310, respectively. Additionally, depth
reference coupling 302 includes an internal profile
depicted as a circumferential slot or recess 312 that 1is
disposed sﬁbstantially within or about the inner surface of
depth reference coupiing 302. Recess 312 preferably has a
square lower surface 314 and an inclined or ramped upper
surface 316 that provide a predetermined resistance to the
moevement of a matching profile received therein, as
explained below.

[0040] Depth referencing assembly 300 further includes

an indicator assembly depicted as indicator coupling 318
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gripping elenents 338 that is position downhol e of indicator coupling
318. In this configuration, once indicator coupling 318 has engaged
with depth reference coupling 302 and suspensi on tool 334 has been
actuated, indicator coupling 318 may be renoved or retrieved fromthe
well with the conveyance that carried the inner casing string
downhol e such as the work string or service string 42 discussed
above. [0042] Referring now to figure 5, one enbodi nent of a depth
referencing assenbly is depicted and general |y designated 400. Depth
r ef er enci B2 s SEIRF 400 Otnc i 0488 at¥hsar désteref é8ncaNE oI r
402 that connects or joins tubular nmenber 404 and tubul ar nmenber 406
t hrough thembeled ddhnethionsh 408hzgabled 0, comaspacidnsel VB24Addind ondd 4.y,
depth reference coupling 402 includes an internal profile depicted as
a circunfeesmdialveslyt or InétessodlZchgdiing a3l®wemcdurdesc ea 4 Ik @indy
an upper surface 416. In this enbodi nent, |ower surface 414 of recess
412 may haverfls| idddilocadurded corl 1ranpadssubiace3pg of ideiflor has a
enabling a mating profile to engage with recess 412, but allowing it
to pass tHreHghi ecessScalew thnguirkaline fuiae. aUchi Ac@iodidreciaflly
used as a signal to the operator that the mating profile has

encount er gds F £&e$S ahlatand 4 hafudhe dowayed d rreheeirty ofgddie Lubuhar
string should be slowed for engaging with a second recess as

di scussed:be] ow ¢ [ QDA3] Deps h (o renci g Asserbly: A0 4Nl 340 is

second depth reference coupling 418 that connects or joins tubular

e 408,08, et JThr 420 LG Ulsgeocd sapecions 123,

and 424, i onal | erence coupling 418
i ncl udes internal profile depicted a circupferential, slot  ar
ocess 7Bl hHan T ek SO SEEER | M, FOR (R RGeS
surface of ep%FFref rence coupling 418. Recess, 426 preferabl

S

. has a -
squar e | owey LedDp¥s MaY B8R iRRALYCReSr Yanpédst péPw§69#§cé”%§b

that form sides of recess 426. E0044]Depth referencin% assenbly 400
further i¥%epudake position and then ‘extend outwardly to engage with

recess 312. Preferably, recess 312 is formed in the inner
surface or wall of depth reference coupling 302 such that
it provides a unique profile or shape for engaging a
particular mating profile of indicator coupling 318.

[0041] As discussed above, depth reference coupling 302
and tubular members 304, 306 are preferably part of an
outer casing string, such as casing string 24. Likewise,
indicator coupling 318 and tubular members 320, 322 are
preferably part of an inner casing string, such as casing
string 28. Unlike the embodiment of figure 1, however, the
inner casing string of figure 4 includes a suspension tool

334 having one or more sealing elements 336 and one or more
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an indicator assenbly depicted as indicator coupling 432 that
connects or joins tubular nmenber 434 through threaded connections 436
and a | ower tubular nenber (not pictured). Indicator coupling 432
includes a mating profile depicted as collet assenbly 438, which has
a plurality of collet fingers 440 that are circunferentially disposed
about the outer surface thereof. Each of the collet fingers 440

i nclude a head or protrusion 442 that is shaped and sized to engage

w th recesses 412 and 426 of depth reference couplings 402 and 418.
As il ust9BiRRINE 0l PéEMETRGer $3840 thate ptef ePABRY1PBL r &FaHIcd SsuctH
that they may be positioned or biased inwardly when run into position
and t hen exdepritout weewtbyind ehlfage wi ih reckssesoddPywral 496, |gndehe
illustrated enbodi nent, indicator coupling 432 first engages depth
ref erenceicdigdtiogy 402pikingh gafisém=a khgegedumitig wepght reSponss
At this point, the operator has received a signal that indicator
coupling d3Zpisngl 92 tandt sudeensedndepidl agd4adeid | rah catuamad,be
taken in proceedi ng downhole. As the |ower surface 414 of recess 412

has a ranpeg:satdacuplin®y31d Qfia X EnoFlWF er OFH Yok 00 mp oS

of additional weight to cause indicator coupling 432 to pass through

depth ref@LeNCe,iGQUPLHAY 402ye Rd | ¥nhereaft Ly ivpdl CahQRErcaunifg
432 engages depth reference coupling 418 which causes a |iner running

wei ght re . i LAt . o] h i.ndi.c :
coupl ing %ggﬂﬁgsdéégﬁﬁ%% ??gﬂdggipggggg%?%.EFFEgﬁiogouﬁgﬂggiigfylng
(regardi ng, prope osjtioning, the casing string may be lifted such
t hat indi%%t%ﬁgéﬁéﬁﬁérﬁqufz may agai n pass through depth reference

coupling 4 d reengage with depth reference coupli 418,

[0045] Rer EPFARD oW A g P& Gfte. SHBH nent B oSBTt of a
referencing assenbly is depicted and general | y desi gnated 500. Dept.h
referenci%@?g%seﬁ%f?r%%%ﬁT cl ggasmzly” 1s depicted” and generally

designated 400. Depth referencing assembly 400 includes a
first depth reference coupling 402 that connects or joins
tubular member 404 and tubular member 406 through threaded
connections 408 and 410, respectively. Additionally, depth
reference coupling 402 includes an internal profile
depicted as a circumferential slot or recess 412 having a
lower surface 414 and an upper surface 416. In this
embodiment, lower surface 414 of recess 412 may have a
slightly rounded or ramped surface profile for enabling a
mating profile to engage with recess 412, but allowing it
to pass through recess 412 with suitable force. Such a
prefile 1s used as a signal to the operator that the mating

prefile has encountered recess 412 and that the downward
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first depth reference coupling 502 that connects or joins tubular
menber 504 and tubul ar nenber 506 through threaded connections 508
and 510, respectively. Additionally, depth reference coupling 502
includes an internal profile depicted as a circunferential slot or
recess 512 having a | ower surface 514 and an inclined or ranped upper
surface 516. In this enbodi nent, |ower surface 514 of recess 512 may
have a slightly rounded or ranped surface. [0046] Depth referencing
assenbly 500 al so includes a second depth reference coupling 518 that

connects ¥le®itws tebul Bre mebipeilEd20 ahelrubuikeulfentis 59P0%ef oulhe
t hr eaded connections 524 and 526, respectively. Additionally, depth
r ef er enceemoapl gy B8 4 rlasdels raweisist @asndlispresetiebebpiict ed as a
circunferential slot or recess 528 having a square | ower surface 530
and an i nf0042H or Dempedrepperncsing ages&321y [ 0047 iDeptihesefaersnmimy
assenbly 500 further includes a first indicator assenbly depicted as
i ndi cat ordeptip| + aife b3dcd haduIME s B8 ofhd 1 disniaddd adr Mpydrey Bddalar
t hrough t hreaded connections 538 and a | ower tubul ar nmenber (not

pi ct ur ed)medbh cator cow | NGLuSSA 4 NChugdesra @ebi NG HYRIGH e el Liad

as collet assenbly 540, which has a plurality of collet fingers 542

each including-& Heads o5 PELPLIMS] 0PS94t hAl1}S additionally, depth
reference coupling 418 includes an internal profile
depicted as a circumferential slot or recess 426 that is
disposed substantially within or about the inner surface of
depth reference coupling 418. Recess 426 preferably has a
square lower surface 428 and an inclined or ramped upper
surface 430 that form sides of recess 426.
[0044] Depth referencing assembly 400 further includes
an indicator assembly depicted as indicator coupling 432
that connects or joins tubular member 434 through threaded
connections 436 and a lower tubular member (not pictured).
Indicator coupling 432 includes a mating profile depicted
as collet assembly 438, which has a plurality of collet
fingers 440 that are circumferentially disposed about the
outer surface thereof. Each of the collet fingers 440
include a head or protrusicon 442 that 1s shaped and sized

to engage with recesses 412 and 426 of depth reference

couplings 402 and 418. As illustrated, collet fingers 440
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shaped and sized to engage with but pass through recess 512 of depth
reference couplings 502 and engage with recess 528 of depth reference
couplings 518. [0048] Dept hr ef er enci ngassenbl y500addi ti onal includes a
second i ndi cator assenbly depicted as indicator coupling 546 that
connects or joins tubular nenber 548 through threaded connections 550
and an upper tubular nenber (not pictured). Indicator coupling 546
includes a mating profile depicted as coll et assenbly 552, which has
a plurality of collet fingers 554 each |nclud|n% a head or protrusion
556 that #5¢sh&pedeanglyi zeFTEddGe wi Shcllepthartef erlttite B8Upl ifys
502. [0049]In the illustrated enbodi nent, indicator coupling 534
first engpgestdeprh pef riaass coupkiaby 5@Renhimh chuses pesiitaen and
runni ng wei ght response. At this point, the operator knows that the
desi red depeh hatewad nostwbeehyr tackedagAs vilid Irewerssser fddée B4 40F6.
recess 512 has a ranped surface, it may, for exanple, require only
10, 000 poumdshef iatdstiotad wwebghimdot calrsdi ddatcatamldcoupl43y S3dkt o
pass through depth reference coupling 502. Shortly thereafter,

i ndi cat oret@apdd NgepBd erFagescdepidnplaner e GoLEh i Beubd8 andiiner

i ndi cator coupling 546 engages depth reference coupling 502 which

causes a sheidd cant ﬁtn%%spBHQQ'ngz%?'ﬂﬂisrégﬁﬁﬂsethétdﬂ@f%t@@'ﬂas

t he operator knows t%at t he desired depth has been reached
received a signal that indicator coupling 432 is close to
its desired depth and additional care may be taken in
proceeding downhole. As the lower éurface 414 of recess
412 has a ramped surface, it may, for example, require only
10,000 pounds of additional weight to cause indicator
coupling 432 to pass through depth reference coupling 402.
Shortly thereafter, indicateor coupling 432 engages depth
reference coupling 418 which causes a liner running weight
response. At this point, the operator knows that indicator
coupling 432 has reached its desired depth. If any doubt
exists regarding proper positioning, the casing string may
be lifted such that indicator coupling 432 may again pass
through depth reference c¢oupling 402 and reengage with
depth reference coupling 418.
[0045] Referring now to figure 6, one embodiment of a

depth referencing assembly 1s depicted and generally

designated 500. Depth referencing assembly 500 includes a
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[ 0050] Whil e this invention has been described with reference to
illustrative enbodinents, this description is not intended to be
construed in a limting sense. Various nodifications and conbi nations
of the illustrative enbodi ments as well as other enbodi nents of the
invention will be apparent to persons skilled in the art upon
reference to the description. It is, therefore, intended that the
appended cl ai ns8 enconpass any such nodifications or enbodi nents.

What is claimed is: 1. A systemfor depth referencing and installing
tubul ar sf+FhgsdeRtE waflegsiee tdrardyisiem Conphesi ARENNGCHEPLE Joins
reference coupling positioned in a first tubular string installed in
the wel | bbtleulahereiper bOBukad StbuAgrhaentgra Joedetutned daasisch
bet ween the depth reference coupling and a predetern ned reference
poi nt, theocdepthioms ev@hcandobpli ngedpecingral yr of Adidi © aomd Indi,catsgrth
assenbly positioned in a second tubular string, the indicator
assenbl y haf¢ngn@e matbnglpnofi [5@2o0perabl edd0 eagage.rithenpnof igw fdfle
the depth reference coupling; a service string rel easably engageabl e
with the gesdnded ubsl ar StadunFearctoper il tor ruacéhe secomndviingulaar
string in the first tubular string until the mating profile of the

i ndi cat or; @gsemilyrepgages %m%l%ﬁﬁiﬁéifﬁe&hSrd%ﬁhﬂeaeﬂgk%&C%mrface
coupling; and a suspension tool positioned in the second tubular

string uphpge Ofrpt N, i NALGM O AFS Ml Ve r t Her BUSDERELOBEL QQleass 512

sel ectively operable to support the second tubular string wthin the

(.I ihresfjet “bﬂégrhﬁé ié‘gsli@é‘tl & AHeAM, Sréﬁ%&&eguLP?S% ai m1 wherein
pth reference coupling i's operabl e connec Wwo adj acent
oot tod | TORFET m 1 Wb FoCRESTHANEartr ARdenor )01 dHitior TEEMITS ed
o0 10 cator couBLing ORELeble. ! 2,ERINeSt L koSl RS josss
tubular member 520 and tubular member 522 through threaded
connections 524 and 526, respectively. Additionally, depth
reference coupling 518 includes an internal profile
depicted as a circumferential slot or recess 528 having a
square lower surface 530 and an inclined or ramped upper

surface 532.

[0047] Depth referencing assembly 500 further includes a
first indicator assembly depicted as indicator coupling 534
that connects or joins tubular member 536 through threaded
connections 538 and a lower tubular member (not pictured).
Indicator coupling 534 includes a mating profile depicted

as collet assembly 540, which has a plurality of collet

fingers 542 each including a head or protrusion 544 that is
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4. A nmethod for depth referencing tubular strings in a wellbore, the
met hod conprising: connecting two adjacent tubular nenbers of a first
tubular string with a depth reference coupling, the depth reference
coupling having a profile; installing the first tubular string in the
wel | bore; determining the depth of the depth reference coupling
relative to a predeterm ned reference point; running a second tubul ar
string in the first tubular string, the second tubular string having
an indicator assenbly positioned therein, the indicator assenbly

havi ng a FREPRY PROfFlLecdahe ehgage nglthdwatPags pEdfeYd ofe¢ds 512
i ndi cator assenbly with the profile of the depth reference coupling.
5. The nethodemthreeferendd chaphizgnhe?2iandeteyadaiwngth hee ckeg b T
the depth reference coupling relative to a predeterm ned reference
poi nt furédhedeponpr¢Seserdat eravpdiing st B¢ 8dept h of the depth reference
coupling relative to a well head reference point. 6. The nmethod as
recited i pocdsj m 4 phertei n gdetersnding t hesoapily of sde depdiditional
reference coupling relative to a predeterm ned reference point

further conpriges dekecahii Nedike tdeptdy seinstife dgntdt defay ene@icator
coupling relative to a reference point in a third tubular string. 7.

The met hodo@s: 1651 to | Bhgkai M ghahes eich T y90h 00 @RRAGendptrbytarssg
string in the first tubular string further conprises connecting two

adj acent { byl r@@%aseaof d1e saqend tyhyl aénatr:a g_g&wﬂhﬁmar

i ndi cat or assenbl y. The nethod as recited 1n claim4 wherein

(eN9201 19 g T LNG:PLALiLE 0l her adLealor cagserhly vt thgaes

profile erenc%'cou i ng ri'ses engaglngE%
plurality of,locati keys of(%?e i ndi cat or_ass ly. wjth th rofile
bt 'L he. Bt hiaLrarehils RRITTE =5 ST TR it s R i 4
wherein engaging the mating profile of the indicator assenbly with
the profiPE eIt He AEptdrirteter B TOUPPF nGarchr tHET WO i Refead or

engaging a collet assenbly of the indicator assenbly with the profile
of the de?ﬂf‘h@%#%?%néé%oébﬂngks shaped and sized  to engage with

depth reference couplings 502.

[0049] In the illustrated embodiment, indicator coupling
534 first engages depth reference coupling 502 which causes
a liner running weight response. At this point, the

operatcor knows that the desired depth has almost been

o

reached. As the lower surface 514 of recess 512 has a
ramped surface, it may, for example, require only 10,000
pounds of additional weight to cause indicateor coupling 534
to pass through depth reference coupling 502. Shortly
thereafter, indicator c¢oupling 534 engages depth reference
coupling 518 and indicator <coupling 546 engages depth

reference coupling 502 which causes a significant liner
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10. A systemfor depth referencing and installing tubular strings in
a well bore, the systemconprising: a depth reference coupling
positioned in a first tubular string installed in the wellbore, the
first tubular string having a predeterm ned | ength between the depth
reference coupling and a predeterm ned reference point, the depth
ref erence coupling having a profile; an indicator assenbly positioned
in a second tubular string, the indicator assenbly having a mating
profil e operable to engage the profile of the depth reference

coupl i ng; FANBERY| €l | RS @ Hasably Enbagedblle with PR aetongows
tubul ar string and operable to run the second tubular string in the
first tubuhalr Sreidepiurad Idadid hatsi bgepr oFREBedE the i ndi cator
assenbly engages the profile of the depth reference coupling; and a
suspensi oh0®%®] positilonedhis t heveadtdrd t bbal abeshr i dgsdovmdd| evigfh
the indicator assenbly, the suspension tool selectively operable to
support thefsseons tobulansstethgewembodibats) r $hitulidsarr isttriiong.is
11. The systemas recited in claim 10 wherein the indicator assenbly
is retrievapl entehdled NEoSBEVIEERsSH-HEAY iASSENMIInY tAREGE JdHB SUS PRSI AL
tool has been actuated. 12. The systemas recited in claim 10

wher ei n theqdeptde r&fLer engly coinigakcd opREr abke tongonneciudiative
adj acent tubul ar nmenbers of the first tubular string. 13. The system

as reci te&nﬁéﬁﬁh@ﬂ{g 198""@1@1@! nd h@tﬂé;gi gﬁggﬁiﬁéﬁt‘?gbl)}f fﬂillret hJ_ergvention

conprises an 1 ndicator coupling operable to connect two adj acent

(t ubul ar r@:[TPerDé)f Jp&bearseq'ﬁ:onq:ot u%"élr%%ngtrisﬂglled in the art upon

reference to the description. It is, therefore, intended
that the appended claims enccompass any such modifications

or embodiments.

28



What is claimed is:

1. A system for depth referencing and installing tubular strings in a wellbore, the
system comprising: a depth reference coupling positioned in a first tubular string
installed in the wellbore, the first tubular string having a predetermined length
between the depth reference coupling and a predetermined reference point, the
depth reference coupling having a profile; an indicator assembly positioned in a
second tubular string, the indicator assembly having a mating profile operable to
engage the profile of the depth reference coupling; a service string releasably
engageable with the second tubular string and operable to run the second tubular
string in the first tubular string until the mating profile of the indicator assembly
engages the profile of the depth reference coupling; and a suspension tool
positioned in the second tubular string uphole of the indicator assembly, the
suspension tool selectively operable to support the second tubular string within
the first tubular string.

2. The system as recited in claim 1 wherein the depth reference coupling is
operable to connect two adjacent tubular members of the first tubular string.

3. The system as recited in claim 1 wherein the indicator assembly further
comprises an indicator coupling operable to connect two adjacent tubular
members of the second tubular string.

4. A method for depth referencing tubular strings in a wellbore, the method
comprising: connecting two adjacent tubular members of a first tubular string with
a depth reference coupling, the depth reference coupling having a profile;
installing the first tubular string in the wellbore; determining the depth of the
depth reference coupling relative to a predetermined reference point; running a
second tubular string in the first tubular string, the second tubular string having
an indicator assembly positioned therein, the indicator assembly having a mating
profile; and engaging the mating profile of the indicator assembly with the profite
of the depth reference coupling.

5. The method as recited in claim 4 wherein determining the depth of the depth
reference coupling relative to a predetermined reference point further comprises
determining the depth of the depth reference coupling relative to a wellhead
reference point.

6. The method as recited in claim 4 wherein determining the depth of the depth
reference coupling relative to a predetermined reference point further comprises
determining the depth of the depth reference coupling relative to a reference
point in a third tubular string.

7. The method as recited in claim 4 wherein running a second tubular string in

the first tubular string further comprises connecting two adjacent tubular
members of the second tubular string with the indicator assembly.
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8. The method as recited in claim 4 wherein engaging the mating profile of the
indicator assembly with the profile of the depth reference coupling further
comprises engaging a plurality of locating keys of the indicator assembly with the
profile of the depth reference coupling.

9. The method as recited in claim 4 wherein engaging the mating profile of the
indicator assembly with the profile of the depth reference coupling further
comprises engaging a collet assembly of the indicator assembly with the profile
of the depth reference coupling.

10. A system for depth referencing and installing tubular strings in a wellbore, the
system comprising: a depth reference coupling positioned in a first tubular string
installed in the wellbore, the first tubular string having a predetermined length
between the depth reference coupling and a predetermined reference point, the
depth reference coupling having a profile; an indicator assembly positioned in a
second tubular string, the indicator assembly having a mating profile operable to
engage the profile of the depth reference coupling; a service string releasably
engageable with the second tubular string and operable to run the second tubular
string in the first tubutar string until the mating profile of the indicator assembly
engages the profile of the depth reference coupling; and a suspension tool
positioned in the second tubular string downhole of the indicator assembly, the
suspension tool selectively operable to support the second tubular string within
the first tubular string.

11. The system as recited in claim 10 wherein the indicator assembly is
retrievable with the service string assembly once the suspension tool has been
actuated.

12. The system as recited in claim 10 wherein the depth reference coupling is
operable to connect two adjacent tubular members of the first tubular string.

13. The system as recited in claim 10 wherein the indicator assembly further

comprises an indicator coupling operable to connect two adjacent tubular
members of the second tubular string.
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