APPARATUS AND METHOD FOR DEPTH REFERENCI NG DOMNHOLE TUBULAR STRI NGS
TECHNI CAL FI ELD OF THE I 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 net hod for depth referencing downhol e tubul ar strings.
BACKGROUND COF THE | NVENTION [0002] Wthout limting the scope of the
pr esent

APPARATUS AND METHOD FCOR DEPTH REFERENCING
DOWNHOLE TUBULAR STRINGS

TECHNICAL FIELD OF. THE . INVENTION

[0001] This invention relates, in general, to equipment
utilized 1in conjunction with operations performed in
relation to subterranean wells and, in particular, to an
apparatus and method for depth referencing downhole tubular
strings.

BACKGRCUND OF THE INVENTION

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

[0003] In constructing subsea wells, numerous 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
well is highly desirable for successfully and efficiently
completing the well. It has been found, however, that in
many subsea applicaticns where the drilling rig is subject
to heave due to the prevailing sea state and conditions,
achieving the desired depth control and space-out is a

considerable challenge.



invention, its background will be described in relation to subsea
wel | construction, as an exanple: [0003]1In constructing subsea wells,
numer ous tubular stings as well as other tools and equi pnent are
installed within the well. Depth control and know ng the exact
space-out of these tubulars, tools and equipnment in the well is

hi ghly desirable for successfully and efficiently conpleting the
well. It has been found, however, that in many subsea applications
where the drilling rig is subject to heave due to the prevailing sea
state andiomuoddi ti ors, achsexi ngrlliecadésnsed dept Bubeptr otelditcbad is
space-out is a considerable challenge. typically the fixed reference
poi nt forcy@icdawnhale opEnald onsfolkinke t eivari dus casingdsthhogys
may each extend fromthe well head, nany wells are constructed using
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extend to the well head, but instead are anchored or suspended from
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| iner strings are suspended wthin the previous casing using a |Inér
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the well head. |In conventiopal ractice, this.nmotion has Limted.the
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a previous casing. Thereafter, since neither fthe liner string nor the
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uncertainty regarding the exact depth of these conponents as wel| as
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installed within such a liner string. [0005] Therefore, a need has
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ref erenci ng of
similar packer type devices. Due to wave motion, the

drilling rig 1is constantly moving up and down relative to
the wellhead. In conventional practice, this motion has
limited the precision with which a liner string can been
located and anchered 1in 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, tcols 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



tubul ar strings in subsea well installations. A need has al so arisen
for such an apparatus and nethod that can overcone the constant up
and down novenent of the drilling rig relative to the well head during
subsea well installations. Further, need has arisen for such an
apparatus and nethod that can reduce the uncertainty regarding the
depth of liner strings, tools or other equipnment subsequently
installed within a previous |liner string. SUVWARY OF THE | NVENTI ON
[ 0006] The presentinvention disclosed hereinis directed to an

appar at usowsctdret hate fosnseptth uef enendbng dowahehe babuhar dstinings.
The apparatus and nmet hod of the present invention are operable to
overcone #ihe cergbankeup and doyn nmaenBehdof dheidkil ldurgeal 9 well
relative to the well head during subsea well installations. In

addi tion,; {d\& 18RRAIALUS ang,iehBed -ofcddie A eSeti Jaerdonsaks  an
operabl e to reduce the uncertainty regarding the depth of I|iner

strings, %ﬁ%lnxiaécgfsl OLNGY GAUIREENT SUbsequentlay, i-ast ghl.ed \Wokhi: dcy

depth ref i ner string.
regarding the depth of liner strings, tools or other
equipment subsequently installed within a previous liner
string.

SUMMARY COF THE INVENTION

[OOOGi 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
operable to reduce the uncertainty regarding the depth of
liner strings, tools or other equipment 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 positioned in a first tubular string. The first

tubular string has a predetermined length between the depth



[ 0007] I n 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 positioned in a first
tubul ar string. The first tubular string has a predeternm ned | ength
bet ween the depth reference coupling and a predeterm ned reference
poi nt. The depth reference coupling has a profile. The apparatus al so
i ncl udes an indicator assenbly positioned in a second tubul ar string.
The indicator assenbly has a mating profile operable to engage the
profil e ofeftdrerdept boupliéngncendoupl prgdektaropeedt i oxfertdrecsepondt.
tubular string is runin the first tubular string until the mating

profile ofnd hgeptrli eatOrcrassendhyl engages s hprprofél e ghet Appdepths

ref erence coupling, thereby establishing reliable depth referencing

of the tubuWa@r; sdrid8s - an indicator assembly positioned in a second
tubular string. The indicator assembly has a mating
profile operable to engage the profile of the depth
reference coupling. In operation, the second tubular
string is run in the £irst tubular string until the mating
profile of the indicator assembly engages the profile of
the deptﬁ 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 another embodiment, the profile
cof the depth reference coupling includes at least one
circumferential recess dispcsed 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 1is operable to
connect two adjacent tubular members of the second tubular

string. In another embodiment, the mating profile of the

indicator assembly includes a plurality of locating keys.



[ 0008] I n one enbodi ment, the depth reference coupling is operable to
connect two adjacent tubular nenbers of the first tubular string. In
anot her enbodi nent, the profile of the depth reference coupling

i ncludes at |east one circunferential recess disposed in an inner
surface of thereof. In a further enbodinent, the profile of the depth
reference coupling includes nultiple circunferential recesses

di sposed in an inner surface of thereof. [0009]In one enbodi nent, the
i ndi cator assenbly is in the formof an indicator coupling that is
operabl e 1® connectth¥p adinvBeeihehtipul ahe membeisgof pkbeisecond the
tubul ar string. In another enbodinment, the mating profile of the

i ndi cat or; asserily dguemdes iachluesl bt ¥oofel osatdma keys. In a
further enbodinment, the mating profile of the indicator assenbly

includes poe@] et agsenhlornd00LY o ranotdher 3sReeht theRHeSIBAL is
lnvention I's
directed to a system for depth referencing and installing
tubular strings in a wellbore. The system includes a depth
reference coupling positioned in a first tubular string

installed in the wellbore. The first tubular string has a

predetermined length between the depth reference coupling

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 1s 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 teol 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 1in the second

tubular string. In another embodiment, the indicator



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 wellbore. The
first tubular string has a predeterm ned | ength between the depth
reference coupling and a predeterm ned reference point. The depth
reference coupling has a profile. An indicator assenbly is positioned
in a second tubular string. The indicator assenbly has a mating
profile operable to engage the profile of the depth reference

coupl i ng. adsaF M Cs Shdd itg cassiendphy ltehals ither eu@asabliynetgageahl ehe
with the second tubular string is operable to run the second tubul ar

string insddwnd i tsbutapubarisgri nadingihds t BRosRIAEG: Prehél enafichher
indi cator assenbly engages the profile of the depth reference

coupl i ng. , & SHSRENH P Qfétr&%’i;'atb'l%“% ithet RQrFaeenditHbuhar sgt_—weg
IS selectrvely operable to support the second tubular string with
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assenbl y T p I one € suspension in the second

tubul ar string. |1n_anothe aodi nent, . th |nd|cator assenbly :
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string. In this enbodi ndrcato assenbl be retrrevable
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tool has been actuated. [0012] In a further aspect, the present
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in a wellbore. The nethod includes installing a first tubular string
in the wetthigre, in hehei Fed Lbabal athst rfiidg thawiiy s depting ereyented
coupling positioned therein, the depth reference coupling having a
profile; attdy ningifegenke deptlhlblfth heo siept dnedf direred neouphiengdepth
relative to a predeterm ned reference point; running a second
t ubul ar . stefiempriae tdmidliimst hasbulcara sprohglet heesevoimingibtihar dsprhng
havi ng an i ndi cator assenbly positioned therein, the indicator
assenbl y diaviihyg deptat | mef quenidd e;ouvand negngagiangveheomat prgdpretnl ecaf
the indicator assenbly with the profile of the depth reference
coupl i ng.r40%3]cEhepsethpd rimyiiahs . i Rekbuda connectd ngttWog 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



adj acent tubul ar nmenbers of the first tubular string with the depth
reference coupling, determning the depth of the depth reference
coupling relative to a well head reference point, determ ning the
depth of the depth reference coupling relative to a reference point
inathird tubular string, connecting two adjacent tubular nenbers
of the second tubular string with the indicator assenbly, engaging a
plurality of |ocating keys of the indicator assenbly with the profile
of the depth reference coupling or engaging a collet assenbly of the
i ndi cat orsw@sigenbl yownkhttihe ptwdi lelefcdnite daptibatefmsmhees caupl ikhg.
BRI EF DESCRI PTI ON OF THE DRAW NGS [0014] For a nore conpl ete

under st anghi sh Pfcdhe freadiiriesy andradmntiages @bort e sRI@ISNt engaging
invention, reference is now made to the detail ed description of the
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nunerals 1n the different figures refer to corresponding partS and in

which: [QQLS] 5} GHY fe 1okES BSHROTRL 1% Ad ARl ald Y 1y & SUBSERging a
collet assembly of the indicator assembly with the profile

cf the depth reference coupling.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] For a more complete understanding of the features
and advantages of the present invention, reference is now
made to the detailed description of the invention along
with the accompanying figures 1in which corresponding
numerals in the different figures refer to correspending
parts and in which:

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

[0016] Figure 2 1is a cross sectional view, partially in
quarter section, of a depth referencing assembly according
to an embodiment of the present invention;

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

to an embodiment of the present invention:



drilling and production facility positioned above a subsea wel |
operating depth referencing assenblies according to an enbodi nent of
the present invention; [0016]Figure 2 is a cross sectional view,
partially in quarter section, of a depth referencing assenbly
according to an enbodi nent of the present invention; [0017]Figure 3
Is a cross sectional view, partially in quarter section, of a depth
referenci ng assenbly according to an enbodi nent of the present
invention; [O0018]Figure 4 is a cross sectional view, partially in
[0018] Figure 4 is a cross sectional wview, partially in
guarter section, of a depth referencing assembly according
to an embodiment of the present invention;
[0G197 Figure 5 is a cross sectional view, partially in
quarter section, of a depth referencing assembly according
to an embodiment of the present invention; and
[0020] Figure 6 1s a cross sectional view, partially in
quarter section, of a depth referencing assembly according

to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0021] While the making and using of various 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 specifiic
embodiments discussed herein are merely illustrative of
specific ways to make and use the inventicn, 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
method of the present invention for depth referencing
tubular string that is schematically illustrated and

generally designated 10. A floating o0il and gas drilling



quarter section, of a depth referencing assenbly according to an
enbodi mrent of the present invention; [0019]Figure 5 is a cross

secti onal
assenbl y

view, partially in quarter section, of a depth referencing
according to an enbodi nent of the present invention; and

[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
and production 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 various earth strata to
form wellbore 22. Disposed 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 from a plurali£y of steel pipes that are male
threaded on each end and connected with short lengths of
double-female threaded pipe called couplings. In the
illustrated embodiment, conly 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 is a casing string 28, such as an
intermediate casing, which 1is preferably c¢emented within
wellbore 22 and constructed of a plurality of male threaded
steel pipes connected with double-female threaded couplings
therebetween. In the i1llustrated embodiment, only the

special couplings of the present invention are depicted



of the present invention are discussed in detail below, it should be
appreci ated that the present invention provides nmany applicable

i nventive concepts which can be enbodied in a wde variety of
specific contexts. The specific enbodi nents di scussed herein are

merely illustrative of specific ways to make and use the invention,
and do not delimt the scope of the present invention.
[ 0022] Referring initially to figure 1, a-subsea well is being

constructed utilizing the apparatus, system and nethod of the present
i nventi onsdpraeqitth ref@r encafithd ubstaingt r2dg t hatspesiscbenny| cakhy
illustrated and generally designated 10. A floating oil and gas

drilling intaaductd auplat fesmdacd | 14y 1;2néj§gé}@§i~ti enegloNer 3o
subsea well 14 bel ow seafl oor 16. A subsea conduit 18 extends from
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penetrates the various earth strata fo formwell bore 22. D spose
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which is pre era cemente in well bore ing string
typically fornmed fro lurall of . steel..pipes. that are

t hr eaded ©f eetg'g r'endg%% 983%\%\‘(5%% d v%lhfeh lsnhdc}rctal%l%é:ngat%se 0 ty rrg(l)l?ld be
doubl e-fenal et hreaded pi pe called couplings. In the illustrated
enbodi mentt ATy TPRE SPect af eBUPI Phg BPOERE FESEHCRCRvent | n g
depi ct ed separat elg from.casing st ri_n% 24. Specj fical Ig, a deﬁt,h,
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two adj acent casing nenbers together. _ ,
the coupling function. In the illustrated embodiment,

casing string 28 is supported within casing sitring 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 is 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 coupling of the present invention 1is 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
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[0024] Partially disposed within and extendi ng beyond casing string 24
is a casing string 28, such as an internediate casing, which is
preferably cenented within well bore 22 and constructed of a plurality
of mal e threaded steel pipes connected with doubl e-femal e threaded
couplings therebetween. In the illustrated enbodi nent, only the
speci al couplings of the present invention are depicted separately
fromcasing string 28. Specifically, an indicator assenbly depicted as
i ndi cator coupling 30 connects two adjacent casi ng nenbers together
and ., a depting eferenge 3eoupl iHich 32asdngectsihyo 28] agent acasiafidon.
menbers together. Alternatively, the indicator assenbly could be in
the forma{ ansl eaveserafaRdrelbROsidriQnegasihd kiewAgl GEthHN been
externally of casing string 28 w thout providing the coupling

function. -y dhigmHdildisdd atied enodE ment,orgaskhRgngt elrnge%%lbé string
supported within casing string 24 by a suspension tool 34 which may

be a |inef, hangeyr, en i
42 98, s2r39LE s'E’i‘EH ngf&'fﬁ&{‘goz{s{p%eqee‘és%%lgfel %To'{lﬁ'ies

sui tabl e seallng an anchorlng a Currentl

|nstallede\/¥‘;[1tﬁ]e AN n%xggﬂg'Dga??X@”Qt?@@%“ﬂ%§Fr'ng 28 is a casing

string 363 such as a i on-casi ng, is preferably cenented
wthin we e 22 an constructed of a Iura y.of male threade
steel i HAOREI o F2a LRERR LUt e 6o P ochfort Bou BT IR e et
therebetmeen In the illustrated epgbodiment, only the_special
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string 36. Specifically, an indicator assenbly depicted as indicataor
coupl i ng BB"orecti AGSERE Aapgeent nCasiHig ERsers tBet heFatEari A§

string 36 includes a suspension tool 40 that will support
the casing hanger is known. Likewise, the distance casing

string 24 extends downwardly into wellbore 22, the casing
string length, is alsc 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 wellbecre 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 is run 1n the well on a
conveyance such as service string 42 until indicator
coupling 30 o©of casing string 28 engages with depth
reference coupling 26 of casing string 24. Preferably, the

engagement o¢f indicator coupling 30 and depth reference

11



casing string 36 within casing string 28 upon actuation. In the
illustrated enbodi nent, casing string 36 has been run downhol e on the
end of a work string or service string 42. A service string assenbly
44 rel easably couples service string 42 to casing string 36.

[ 0026] Preferably, casing string 24 is connected with subsea wel |
installation 20 via a portion of the well head known as a casing
hanger (not pictured). The | ocation of the casing hanger is known.

Li kewi se, the distance casing string 24 extends downwardly into

wel | bore Zdipitihey casi ng skthBgibengtih, daxwdesaakinoyn. fdepéhample, a
referencing of any location within casing string 24 can thus be

acconpl i shed del agisaﬁbif, t ﬁ%_cléﬁ@}i\? ad sf i xedrpesiiti@) ofstBescussed
wel | head. As such, the 1location of depth referencing coupling 26 in

the wel | harg,can,Becpr el §gkysdel eiﬂhé‘r?d r&%h%!gv%qetﬁhttheré/\@ﬁéﬁ‘s@dat
[0027] As i1Tustrated, casing string 28 has been installed wthin

casing styldg ed.cRUT Ngnbhe LDSLALLALEAN RIAGESS, Caskp SLLLpg g

is runin on a conveyance such as service string

of or ancd Epgﬂﬁl'?%g e GEHR o) R de EREPERNIA TREM A gdgBRn

of indi CaJ_:[eO erce%u eI Icno P %n%n% 6de rE hlrgcez]:ceea{’seencgf 20,000 pounds or more
in liner running weight could be used as the signal that
indicator coupling 30 and depth reference coupling 26 have
engaged. Thereafter, suspensioh tool 34 1is actuated to
sealably and grippingly secure casing string 28 within
casing string 24.
[0028] The location of depth referencing coupling 26 is
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

untill indicator coupling 38 of casing string 36 engages
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coupling 26 is nmechanical in nature using, for exanple, a collet
assenbly, locating keys or the like, as discussed bel ow, which
triggers a liner running wei ght response at the surface when
interaction occurs. For exanple, depending on the design of indicator
coupling 30 and depth reference coupling 26 an increase of 20,000
pounds or nore in |iner running weight could be used as the signal
that indicator coupling 30 and depth reference coupling 26 have
engaged. Thereafter, suspension tool 34 is actuated to seal ably and
gri ppi nglyitseCcWept@asrBge Sbfitdg pdidy n3casbAg Sisimy 24 riln@028BThe
| ocation of depth referencing coupling 26 is known and thus the

| ocat i on ®fe dedimat,or tﬁQUFHﬂ[%}H;é%thS KROW 4 ild 4@ S8oublend et hagh

casing string 28 i's known th referencing of any location within

casing stydhg, %%ﬂu%éﬁ%l@&@@@' $hed el %t 1Y@ et0 rhlaﬁllﬁ@o\%laﬂg

fixed position of the mellhead As such, "the location of

referenci %%%' I ng,3 ‘tﬂ[et heg%ﬁ‘g‘é?é”e Ry, be g{tee‘ila% 'l%ndet %E%?“ g

relative he el Mead 002 urther i1llustrate casing s

36 i b |l ed h 28. h
cas:?lg gltl’l |n %’iréersﬁl\r,lgpter?lsqﬁglam@ s4td ‘%(/%%Dté{zk Begll %On%lggﬁsgly

i ndi cat or I|n%
an ripp

nd%ypgé%%ign%azgrln%trln %%gw1th1n casing string
28. The location of depth referencing coupling 32 is known
and thus the location of indicator coupling 38 is known.
Likewise, the length of casing string 36 is known. Depth
referencing of any location within casing string 36 can
thus be accomplished relative to the known and fixed
position of the wellhead.

[0030] Even though figure 1 depicts a well having three
casing strings, it should be 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 association with onshore

well operations. Further, even though figure 1 depicts a

vertical well, it should be understood by those skilled in
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with depth reference coupling 32 of casing string 28. Preferably, the
engagenent of indicator coupling 38 and depth reference coupling 32
triggers a liner running wei ght response at the surface when
interaction occurs. Thereafter, suspension tool 40 nay be actuated to
seal ably and grippingly secure casing string 36 within casing string
28. The location of depth referencing coupling 32 is known and thus
the | ocation of indicator coupling 38 is known. Likew se, the |ength
of casing string 36 is known. Depth referencing of any |ocation

W thin casiegastr ithgt36ctanappasabesaccospstshed anel aidttedso dhethe
known and fixed position of the well head. [0030] Even though figure 1

depi cts gpmeddnthavhehd ideeafaskhdasiyi fEs1 isisbaulmbbea dmndes sieed
by those skilled in the art that any nunber of casing strings nay be

depl oyed mifiHp a wehboW thoute deparhi ng EBQE&&@Fa*@Mr&C' p @ﬁc%d&ﬁ&

present invention. In addition, even though figure 1 depicts an

of fshor e el &R onept,. |t shoyl s e unersfood by,Lhose skl

in the art e apparatuses, ens and net hods o e presenf

i nvention 1 are e%'alhy mﬁll %%Ht % fqr use |n as OCI t|on mnk 9&sgore

wel | operéflons drt fer, Seven t oughkFlgure “P*de 9 yé a vertical

Bppar at uSr Ry &muﬂ‘ﬁﬁ& t°°ﬂoa% e ﬁéﬁﬁiféi%ﬁe%?nv%}% el Elasieqbgf y

well suited for use in

havi ngot HEr]’tﬁCrtéﬂrﬁa&naltESWﬁ gtraRi oddi Ui ng Pelow, upper, lower,

upward, downward, left, right, uphole, downhecle and the
like are used in relation to the illﬁstrative embodiments
as they are depicted in the figures, the upward direction
being toward the top of the corresponding -figure and the
downward direction being toward the Dbottom 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
connections 108 and 110, respectively. Additionally, depth
reference coupling 102 includes an internal profile

depicted as a circumferential slot or recess 112 that 1is
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horizontal wells, deviated wells, slanted wells, nultilateral wells
and the like. 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
like are used in relation to the illustrative enbodi nents as they are
depicted in the figures, the upward direction being toward the top of
the corresponding figure and the downward direction being toward the
bottom of the corresponding figure, the uphole direction being toward
the surfagesfsdchesuidanand e wdewihobe dbbeet itaa banag tawaudet be
toe of the well. [0031]Referring next to figure 2, one enbodi nent of

a dept h refanend Ng-assedyp et edzangs genes a byrdeshopahed
100. Depth referencing assenbly "100 includes a depth reference

coupl i ng %ﬁ&ai%&@m%&%aeé haigns,d byl an merher 104 2 éd’bﬂ*sﬁér

menber 106 t hrough threaded connections 108 and 110, respective

Addi O”g,J,dzyf Septfy ref &f %{fﬁvf&é’pg pgeﬁgﬁ £ﬂ§£é‘c‘i’e§e§ﬁ§£&§<§ ”f?& Sthe

profile eplc ed as a Circ erenti a recess

di d b | bo h f f d h
e erod it ) I RabeRia8 oBtok e | DEREPUEg AcEn et %3&

surface 114 and an | clined or ranped upper surface 116 that provide
a predet éiTed 4dnce to the nmovenent of a matching profile
recei ved thereln as expl ai ned bel ow. [0032] Dept h referenC|ng
assenbl y BRFZur t h&ePtRc| KRRT A iNedi 2aFRP RS s Pl yEWepiat edigiudes

i ndi cator coupling 118 that connects or joins tubular nmenber 120 and
t ubul ar MEhbeRALIOZLEAr GEGRMPRYe AR T Rtheds | dmslicpgogndcappling 118
respectively. Indicator coupling 118 includes a mating profile

depi ct ed A tcoklbeneassendty J281s wtiublilhas mepber aliil) ehdcokhkular
fingers 130 that are circunferentially disposed about the outer
surface trwerbeof . 12&ch Wircilyd cdahlretadedngersntdd0ionsl utizda hedd dE6,
protrusion 132 that is shaped and sized to engage with recess 112.

Al t hough e gpardtiicellgr, numierieftogol tetipiimgerid gl3dnaledsfown, mating

i ndi cator coupling 118 may include a greater or |esser nunber of

col l et figgaisel3Bephl-sed even tbough coidaioiassamsl,y L28chs Hepicied
as having collet fingers 130 with a single head 132 at the ends

t hereof, dJity,ghauhd Jre andelst ooy dys t hogergki | hed I&rhﬁafaﬁ:tenwaiwhe

col | et flngers could alternatively have protrusions at other axial
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 o¢f <collet fingers 130 are shown,
indicator coupling 118 may include a greater or lesser
number of collet fingers 130. Also, even though collet
assembly 128 is depicted as having collet fingers 130 with
a single head 132 at the ends thereof, it should be
understood by those skilled in the art that the collet

fingers could alternatively have protrusions at other axial
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| ocations along the length of the collet fingers or could have

mul tiple protrusions along the length of the collet fingers including
or excluding the end of the collet fingers so long as the mating
profile of the collet assenbly natches or is able to engage with the
profile of the correspondi ng depth reference coupling. [0033]As
illustrated, collet fingers 130 are preferably retractable, such that
they nmay be positioned or biased inwardly when run into position and
then extend outwardly to engage with recess 112. Preferably, recess
112 is forgmstidhd heldipethsuntagenobwajde ofodapt hrief@F€N6e could
coupling 102 such that it provides a unique profile or shape for

engagi ng @hRArhiicHigle rr?trbegueaehsl ealQJf; neh cat ap EHUI@Jf! Nehd 1801ket
exanpl e, | ower surface 114 of recess 117 has a su stantlally square

shoul der fﬁgelag}%agqn%lsu%bar by SQQB?QdJS_HJfHar&éUVJrﬁPeo%V Fa%t' eB19tt

pr ot rusi ons to enable™a significant Tiner running weight response
to be registared. Io' KeW, ’apr%eS%L?% 1;&? TLCe .%.% | Sollet

i nclined or anpe to’engage a simlar %h ranpe

portion of:$ t.rusi 31132 to. enagae IIet f|n er ﬁ le.o

di sengaget? TrEmYr dEEed P P Y hat eB 8ndtl i LS dpy v%ﬁ% t1%f °fhe
i nner tubul ar strln% relative to the outer tubul ar strlng i f desired.
and t ubuldt® RFE&SEOLE419188P5P e BF RFRTGHISP %HQUf an outer casing
string, such as casing string 24. Likew se, indicator coupling 118
and tLﬂnMER:¥ﬂnber§512dlufiza§ﬁ9 pF@ﬂé?ﬁbﬁ&nﬁﬁFF éﬁoaﬁrﬁnﬁéﬁféésphé
string, such as casing string 28. In this exanple, the outer casin
string widtmaralds, uppesh edatthathes @vgadges @pssﬁaaeﬁﬂewmybaﬁse
assenbly or apparatus, such as subsea well installation 20 having a
known or ifriweedlyosiltdronruThéntengtds igfi onherrsut grercaskhgndt pungardly
bet ween the upper supported end and the | ocation of depth reference
coupl i ng tk02 engapeedet e mmed sand1khown, Priedsrebadbli ngedept h112 is
referencing mth the upper supported end. Once indicator coupling 118
has engagedmad hifdepide r ehaeenceurcuy | bg 2,1 t bE |OmatH oredbrence

i ndi cator coupling 118 is now known. Additionally, the |length of the
i nner casddigishig ngobetsiren tRAEcattor peewphésy al18nagdei todgriarke epd
is predeterm ned or known, thereby providing reliable depth

ref erencigig, éieo Y JrRakingn 2 Rng iiha J-engthnef ptrB%J_@@nEEnQQdQé@tBQ
1S

system As cussed above, the inner casing String could also

utilize g r%fl%r.e“%%xc%% g, prl%'e@%ﬁrﬁ%ée' Pygr ?“QeEHQQ ib@t

anot her inner c S|ng string cou be installed therein and d

referenc to a i, X epth £ngi

IS deplcﬁgg andsggggg%ﬁ?gl%% 5 ug? %§§gldﬁe éf%%%nc%nggggzgg
200 inclu es §th referq?ce couplln 202 t%at connect s orlbglnéo
t ubul ar 04"3anhT tUbular nefbef® Thr ugﬁ Phreudey

connecti ons %98 and 210, resgeﬁd;vel . AddltlonaII¥ dept h reference
coupl i ng P Lenct uddgnahirap nek; of P e pi et 2t ad C5PRAFR dr° Pe
circunferential slots or recesses 212, 214 that are di sposed

subst ant i F BREERI-n ok 1 BB £ HaPPPRePUSERFRACSLBf OdeptIraSst et bhcds
coupling 202. In the illustrated enbodi nent, recess 212, 214 each
have squamelioger ogurkipes &ed sngeldienad %mlﬂaﬁéédst@@@fi sarpaeesidnat
provi de a predeternined resistance to the novenent of a matching
profil e recaasdarhereipyotasueixplai hst bel epable 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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[ 0036] Dept h referencing assenbly 200 further includes an indicator
assenbly depicted as indicator coupling 218 that connects or joins
t ubul ar nmenber 220 and tubul ar nmenber 222 through threaded
connections 224 and 226, respectively.Indicator coupling 218 includes
a mating profile depicted as | atch assenbly 228, which has a
plurality of |locating keys 230 that are circunferentially di sposed
about the outer surface thereof.Each of the |ocating keys 230 include
a pair of protrusions 232, 234
[0034] As discussed above, depth reference coupling 102
and tubular members 104, 106 are preferably part of an
outer casing string, such as casing string 24. Likewise,
indicator ccupling 118 and tubular members 120, 122 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 1s engaged or supported by an
assembly or apparatus, such as subsea well installatiocn 20
having a known or fixed pocsition. The length of the outer
casing string Dbetween the upper supported end and the
location of depth reference coupling 102 1is predetermined
and known, thus enabling depth referencing with the upper
supported end. Once indicator coupling 118 has engaged
with depth reference coupling 102, the location of
indicator coupling 118 is now known. Additionally, the
length of the i1nner casing string between indicator
coupling 118 and it lower end 1s predetermined or known,
thereby providing reliable depth referencing to any
location along 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 a known and fixed location.
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that are shaped and sized to engage with recesses 212, 214 of depth
reference coupling 202. Although a particular nunber of |ocating keys
230 are shown, indicator coupling 218 may include a greater or |esser
nunber of |ocating keys 230. Al so, even though latch assenbly 228 is
depicted as having |locating keys 230 with a pair of protrusions 232,
234, it should be understood by those skilled in the art that the

| ocati ng keys could alternatively have any type or design of mating
profile so long as it nmatches or is able to engage with the profile
of the coroesgiondi mgfeept Agr efeatence €ogptée ng, [OR3HrAsodilnlanst rad ed,

| ocating keys 230 are preferably retractable, such that they may be
posi ti onefkrth bi aseghdriviaidl yashedbrun iat odpeseté®n and t geneext end
outwardly to engage with recesses 212, 214. In the illustrated

embodi meniss iSPfHcRES 236, 2381 ové derdhe oyt xes i Pi 260 NG PREEs
Preferably, recesses 212, 214 are fornmed in the inner surface or wall
of depth dlsf anae. ol 13024208 7PkALLI8 AndBLQUSPYGEhL e by ShAPe
for engaging a particular tlna profile of indicator coupling 218.

For SXammlGphie Jorer sir (368510 [ 9653395 20s 2R ARE Anrecde

subst an y 'squar e shoul der 10 engage a si arly's ed square

surface or_ porti.on of, protrusi.ans 232, 234 to enabl.e a significan

i her R DR, 20Bs g e 105 BEPESArErda LrRehESE:  He (EBby

surfaces of_ recesses 212, 214 are inclined or ranped to engage a.

si mi | ar | YFIRE5EEFSr anfdtP Sitde o?ogorﬂpﬁﬁungprd¥¥us+%5%r?%h, géﬁgfﬁe

enabl e | ocating keys 230 to be disengaged fromrecesses 212, 214

t her eby &IPAHGERG ahsS upwaPd: Fowdment TefmERecT ey FUBEFarcst FPRGSSes

relative to the outer tubular string if desired. [0038] As di scussed

above, deitth reler sheé il HhgPeoX andbetibokaal kenbdit81R0pr 28Bowk e
preferably part of an outer casing string, such as casing string 24.
Li kewi se,thendiroetorswolgds ngt 28 Endre {dudrare neodrarii @ 232 .2221mr ghe

preferably part of an inner casing string, such as casing string 28.
I n this eXdanplteatehe auwtetingasi,ngrstesng 2021 hbdeeanhuppere endudhat
is engaged or supported to an assenbly or apparatus, such as subsea

wel 1 i nstialWeat i our 20 d¥avamng anknomsd obrf iveegbepiosigdean. sdieadengtha of
the outer casing string between the upper supported end and the

| ocati on fovdeget har @freereensaupl i N2 predeairr naesnand krow,
t hus enabling depth referencing with the upper supported end. Once

i ndi cat 0l GQWRhigNG rd81 bas. 093G Wi 1y dentdh Sghenaraenseynl i ng 202,

the | ocation of i ndicator coupling 218 is now known. Additionally,

the lengtﬂbo%fG]t he 'D@B%B %aesé&%n%liﬁlidqgasggrﬁwanﬂdiﬁ%tq{er includes
an indicator assembly depicted as indicator coupling 218
that connects o¢or Jjoins tubular member 220 and tubular
member 222 through threaded connections 224 and 226,
respectively. Indicator ccecupling 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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coupling 218 and it |l ower end is predeterm ned or known, thereby
providing reliable depth referencing to any | ocation along the |length
of the conbi ned casing system As discussed above, the inner casing
string could also utilize a depth reference coupling proximate its

| ower end such that another inner casing string could be installed
therein and depth referenced to a known and fixed |ocation. [0039]
Referring next to figure 4, one enbodi nent of a depth referencing
assenbly is depicted and generally designated 300. Depth referencing
assenbl y S04 i au6d usiespad defd hsieé@rencengaypl ivhgh3R2ctbaésconpechs4or
j oi ns tubul ar nmenber 304 and tubul ar nmenber 306 through threaded

connect i of¥s agétﬁmiéEH%eﬂ&§p@§ﬁ%YEﬁd 2f8adi ti anahlyghdept harefienenee
coupling 302 includes an intern profile depicted as a

circunfergpdal st Oﬁoestiﬁge%yél%stohaéré ssﬁbﬁﬂos@Ha%@%@%b@ghxng
wi thin or about the inner Surface o dept reference coupling

Recess 3? 8°rn?Jfr3rerlX1d%a§ll r%%att% 5 s34 Iy %e%léfaﬂgcgﬁlh Ckbggd

or ranpe upper ace at pI’OVI e a pre et erm ned resi stan

to the f a matchi of l.e.rece t n, expl ned
bel ow. ﬁofeﬁesgnéﬁﬁﬁgé '%&%/%ﬁﬁfﬁ%ﬁﬁtég :nclug%sXPﬁg
|nd|cator assenb icted as ..ndicator coupling 318 . that con ts
o orne s LS 558v and Tobih T redar B PRobtiR YT cade
connections 324 and 326, respectively.Indicator coupling 318-

i ncl udes %34t 1 hgSpPBERI &edemidarstass doy | EPoagséﬂfﬁll}e@Sm whiEhaRhs

a plurality of collet fingers 330 that are circunferentially disposed
about t hettoiht dhes drdcadd ohdee'st iR giltegeatively have any type or

design of mating profile so long as it matches or is able
to engage with the profile of the corresponding depth
reference coupling.

[0037] As 1illustrated, locating keys 230 are preferably
retractable, such that they may be positioned c¢r biased
inwardly when run into position and then extend outwardly
to engage with recesses 212, 214. In the illustrated
embodiment, springs 236, 238 provide the outwardly bilasing
force. Preferably, recesses 212, 214 are formed in the
inner surface or wall of depth reference coupling 202 and
provide a unique profile or shape for engaging a particular
mating preofile of indicator coupiing 218. For example, the
lower surfaces of recesses 212, 214 have a substantially
square shoulder to engage a similarly shaped sgquare surface

or portion of protrusions 232, 234 to enable a significant
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collet fingers 330 include a head or protrusion 332 that is shaped
and sized to engage with recess 312.As illustrated, collet fingers
330 are preferably retractable, such that they nmay be positioned or

bi ased i nwardly when run into 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
i ndi cator coupling 318. [0041] As di scussed above, depth reference

coupl i ng BlZemntuhning ave t@berssBése 306 Beerppebecablly pahikeafisap
outer casing string, such as casing string 24.Likew se, indicator

coupling &8 apdetulyilrara Jmnber s r32855322 are ppef eakl yiparinef ap
i nner casing string, such as casing string 28. Unlike the enbodi ment

of figurerdy é&pweémgé@@ an9§ﬁ1§§§wgsﬁ£ﬁé@gr9& £40yEge dobnpbudesya

suspensi on tool 334 having one or nore sealing e? ments 336 and one

or nmore ¢ protrusions 232, 234 to enable locating 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 zbove, 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 28B. In this example, the outer casing string will
have an upper end that 1is engaged or supported to an
assembly or apparatus, such as subsea well installation 20
having a known or fixed position. The length of the outer
casing string Dbeitween 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 location of

indicator coupling 218 1is now Xknown. Additionally, the

length of the inner. casing string.. between .indicator
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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

ref erenci ng assenbly is depicted and generally designated 400. Depth
r ef er enci ¢qh@Esisebe y8 4Q0Qdi nal utesen thsti sdeptdugriviienrce €OURhbRY,
402 that connects or joins tubular nenber 404 and tubul ar nmenber 406

through tineaded cornecdins 408iaRde 41Qepkaspatdiat@ingi nfdditd onghly,
depth reference coupling 402 includes an internal profile depicted as

a circunfgrentis| <§i<9ﬂ? OFhEECRS R thl 2oPaVhRY SriWRIG SE4face 414cand
an upper surtface 416. Tn this enbodi nent, | ower surface 414 of recess

412 may ve I |y, de r @g?ﬁd r.tace i r
enablingqgsnggfﬁg%g?%fiiééqgg e%&gge{mn f%%é&' 4i§%9%%t%§$ﬁ6hﬁﬁés?t
to pass t/yough recess A1z Wi Suisable for e, Syeh a profile i gng
used as a S|gnael % o”the oper at or That X he et ng pro?ijre has
encountered .recess 412 %nd that the downward. vel oci.t

f the t |
STring SR eoel GRBEOFSr Byl e Y ek bRord ebets agstalitd”

di scussed bel oqw. LQO43LDepth referenci ng assenbly 400 incl udes a
second therein and depth referenced to a known and fixed location.

[0039] Referring next to figure 4, cne embodiment of a
depth referencing assembly 1is 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 is
disposed substantially within or about the inner surface of
depth reference coupling 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
movement 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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depth reference coupling 418 that connects or joins tubular menber
406 and tubul ar nmenber 420 through threaded connections 422 and 424,
respectively. Additionally, depth reference coupling 418 includes an
internal profile depicted as a circunferential 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

| ower surface 428 and an inclined or ranped upper surface 430 that
form sides of recess 426. [0044] Depth referencing assenbly 400
further ifrdwdesnarcirdi 6at ofoasserdipnidep akedeas 32@i cafor teguphirng
432 that connects or joins tubular nmenber 434 through threaded

connect i QR0 afvh a d1vRIgH Ul @l JRIMelonhRet iBhst used) . ahRdi gakor
coupling 432 includes a mating profile depicted as coll et assenbly

438, which.has.a Rhyral ity of £ ebolbnggss A40 tRALLALE - 2 magin

circunferentially di'sposed about the outer surface thereof. Each o

t he coll j.nger i.ncl yde o] rusi 442 t.hat |

shaped a?drgs%lzgeéd t%()e%g%&gge \%Igt hg?ggggse‘%s%%@l nd 3%;6 o%hég%t hhgs 2
ref erence_coupl.ings 402 d 418. As i strated, col.let fingers_440
e pr ot QAR Y8t ri SBTES S UBRPIRET ORly TRAY BE°pasitEiBned SO A1 hded
i nwardly when run iato position and then extend outmardlg to engage
with receSsBRP gRgUH26-1q nORRBT ITWS S et @RBBLI menEachndifcat bf
coupling 432 first engages depth reference coupling 402 which causes
a |iner rifinistg MEISGHS %@§pd@§épdﬁtatWﬁ§dp8FnPF°FﬁéséB€ré@%rtHQE 15
received a signal that indicator coupling 432 is close to its desired
dept h andchedfid | owad caiécflny Uoe tKEFTS n ProteecdrAgSdowtisl-e. AsABhe

| ower surface 414 of recess 412 has a ranped surface, it may, for ‘
exanpl e, ¥ldqstratenl y ct(,1@00 fioweds SBOaddict iroedle rabilyhtretaacaabée,

i ndi cator coupling 432 to pass through depth reference coupling 402.
Shortly thereathztr, thagi catyorbeoppbihgodd? emgagiess «depimwaeder enben
coupling 418 which causes a liner running weight response. At this
poi nt, thewppeaitad giokitowe tded tieh cakbend ovptwagi U322t hasngeachedtht s
desired depth. If any doubt exists regarding proper positioning, the

casi ng strddigsmyre |pidosth-guch thatednNdicat D £OkRdd NOn 48Re MaNner
agai n pass through depth reference coupling 402 and reengage with

depth refgnence coupling 418qR4 el @incenE Wit figureuén enst

enbodi nent of a depth referencing assenbly is depicted and general ly
it provides a unique profile or shape for engaging a
particular mating preofile 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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desi gnat ed 500. Depth referencing assenbly 500 includes a first
depth reference coupling 502 that connects or joins tubular menber
504 and tubul ar nmenber 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 enbodinment, |ower surface 514 of recess 512 may have a
slightly rounded or ranped surface. [0046] Depth referencing assenbly
500 al so giigdpuides acBenotis depBh r eharencis copiesinigorbl8dbhahotonnett s
or joins tubular nmenber 520 and tubul ar nmenber 522 through threaded

connect i oftgy 824 Aand KA1 imgspenats.vel y. rrAddidiionaldnti derth ohgf ecasee
coupling 518 includes an internal profile depicted as a

circunfergiale sy obofp11RGESH sBZQaQavwga%e&qwtﬁ | QUBrH SULiFaGen2d0
and an inclined or ranped upper surface 532. [0047] Depth referencing

assenbl y f. h i d i i.ndj;,ca e depi as
i ndi cator c dbq#%ggg%4qﬁk§t§§8 %%%%gﬂoﬁgﬁgin%yéugﬁﬁaﬁg%éhbggk§%ggd'

through tfyeaded, conneati-ons, 539 and & louer.of woular Tenber Lagt .
n of re~depi cted

pi ctured)” |cator1%%u61!ng 534 % Acl d es ‘a mating pr _

o0 5ol |l GPeIRlLy SR el fimeca phut &L ol cBhL et [10eLs 542
string downhele such as the work string or service string
42 discussed above.
[0042] Referring now to figure 5, one embodiment of a
depth referencing assembly 1is depicted and generally
designated 40CO0. 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

profile is used as a signal to the operator that the mating

profile has encountered recess 412 and that the downward
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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 including a head or protrusion
556 that velshaped ahd Wizeddomlengage inkkh dapuhdr eber eaceweaupkbpgs
502. [0049]In the illustrated enbodi nent, indicator coupling 534

first engagpssidepti thefhekereadCoHplENda 0L IS Leges.a |iner
runni ng wei ght response. At this point, the operator knows that the

desired dggjdsihas ajmet REQEJRAGRE G s AsiRe 4dyelnsuidaces 514c0hq
recess 512 has a ranped surface, it may, for exanple, require only

10, 000 p%%ﬂéng%et r' téeo%ug‘ﬁggqghﬁ.l%o t@%%s%ghﬂg"cﬁgt%eﬁgﬁ!ﬁki D8P4t o

pass throu eferenc pl'ing ort after

i ndi cator_cquplin 34 _engage epth referenc oup] ing 518 and
i ndi cat ormecmgju% i n%o 46%%@%@%%3& h r?eé?béarrenc%@oug%‘lr%lgggozt\%ﬁ?%ﬁed

causes acsc!r%ne!ggi%%gt 4|2|2n%rnd 424, respectively. Additionally, depth

reference coupling 418 inciudes an internal preofile
depicted as a circumferential slot or recess 426 that 1is
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 Jjoins 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. EFach of the collet fingers 440
include a head or protrusion 442 that is 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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runni ng wei ght response. At this point, the operator knows that the
desired depth has been reached. [0050]Wiile this invention has been
described with reference to illustrative enbodi nents, this
description is not intended to be construed in a limting sense.
Various nodifications and conbinations of the illustrative

enbodi mrents as well as other enbodi nents of the invention wll be
apparent to persons skilled in the art upon reference to the
description. It is, therefore, intended that the appended clai ns
enconpassa@y suelieradi{i catdteastaplepbodumnt sthathatehiey Cldyredbis:
1. An apparatus for depth referencing tubular strings in a wellbore,

t he appar

P dhS GO | §FNBiased irvadepth wréer ense Gaup! HAg: Pos t kaned

ina first tubular string, the depth reference coupling having a

profile;

ach extend outwardly to engage with recesses 412 and 426.
In the illustrated embodiment, indicator coupling 432 first
engages depth reference coupling 402 which causes a liner
running weight response. At this point, the operator has
recelved a signal that indicator coupling 432 is close to
its desired depth and additicnal care may be taken in
proceeding downhole. As the lower surface 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, indicator coupling 432 engages depth
reference coupling 418 which causes a liner running weight
respense. 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 coupling 402 and reengage with
depth reference coupling 418.

[0045] Referring now to figure 6, one embodiment of a
depth referencing assembly 1is depicted and generally

designated 500. Depth referencing assembly 500 includes a
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an indicator assenbly positioned in a second tubular string, the
i ndi cator assenbly having a mating profile operable to engage the

profile of the depth reference coupling; wherein, the first
tubul ar string has a predeterm ned | ength between the depth reference
coupling and a predeterm ned reference point; and wherein, the

second tubular string is run in the first tubular string until the
mating profile of the indicator assenbly engages the profile of the

dept h reference coupling. 2. The apparatus as recited in claim
| wherei nfite: déppth r eEEeesne= cavpplnggi S0opeatahl ecdmheimest twhns
adj acent tubul ar nmenbers of the first tubular string. 3. The

appar at ust@suI8€in@thd N oAl ahd ofibdl ¥henehbet hSOBr@BEbﬁ?@f thheadegt h
ref erence coupling further conprises at |east one circunferenti al

recess di shased:idhsarsdangly S a%s‘ﬂecttfi%e(i?pt hA‘Z:l%ifl%&%Hﬁ@l?OUBbbBH-
4. The apparatus as reC|ted inclaiml or 2 wherein the profi

the depth.ggf.ergnce coupl f gpb her; n&ﬂ#}p@sse%rﬁt f@é%néi"“ rofile

circunferential recesses SpOSGd at erent axia posi ti O In an

i nner SL”Jéblcég t£§ QeQﬁQcﬁﬁESESQQFafOQEEEn%r recess 512 having a

lower surface 514 and an inclined or ramped upper surface
516. In this embodiment, lower surface 514 of recess 512
may have a slightly rounded or ramped surface.

[0046] Depth referencing assembly 500 also includes a
second depth reference coupling 518 that connects or joins
tubuliar member 520 and tubular member 522 through threaded
conhections 524 and 526, respectively. Additionally, depth
reference coupling 518 includes an internal profile
depicted as a circumferential slot or recess 528 having a
square 1lower 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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5. The apparatus as recited in any one of the preceding clains
wherein the indicator assenbly further conprises an indicator
coupling operable to connect two adjacent tubular nenbers of the

second tubul ar string. 6. The apparatus as recited in any one
of the preceding clainms wherein the mating profile of the indicator
assenbly further conprises a plurality of |ocating keys. 7.

The apparatus as recited in any one of clains 1 to 5 wherein the

mating profile of the indicator assenbly further conprises a collet
assenbl y.shaped arfi A Sstemdmyagdeptithr euer encisnghadtighnstakksng12
tubular strings in a wellbore, the system conpri sing: a depth

ref er ence, € QP Mo PRSdric@Neb UYL idghi BIL brbuleaagtr kAGH Retakkedoin
the wel |l bore, the first tubular string having a predeterm ned | ength

bet ween the fdepth J8feareecapRihyg a0 a predeterm ned reference
poi nt, the depth reference coupling having a profile; an

poi nt, th reference couplinc o
| ndi cat or Aol TG ng & StoRg Bof | 8 GRar Sbl o°r8 engage tRE"

profile cﬁnéf%%é%egghséggﬁ egggiggygélggéembly depicted as indicator

coupling 546 that connects or Jjoins tubular member 548
through threaded connections 550 and an upper tubular
member (not pictured). Indicator coupling 546 includes a
mating profile depicted as collet assembly 552, which has a
plurality of collet fingers 554 each including a head or
protrusion 556 that is 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
cperator knows that the desired depth has almost been
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 indicator coupling 534
to pass through depth reference coupling 502. Shortly
thereafter, indicator coupling 534 engages depth reference
coupling 518 and indicator <coupling 546 engages depth

reference coupling 502 which causes a significant liner
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a service string rel easably 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 assenbly engages the
profile of the depth reference coupling; and a suspension t ool
positioned in the second tubular string, the suspension tool

sel ectively operable to support the second tubular string within the
first tubular string. 9.The systemas recited in claim8 wherein the
i ndi cator assenbly is positioned downhole of the suspension tool in

t he secontiriniby afeigfhti Nsponse. 1At The sSystiam asheeepeedtbn khaws 8
wherein the indicator assenbly is positioned uphole of the suspension
tool in thmsagrNdidsubuliaBepthi R8s been AdachHie, systemas recited in
claim 10 wherein the indicator assenbly is retrievable with the

service sigdguy asseiihe ORREst NensusPEAS! Ahd 04 dias dReeR i8ebUaY etk
reference to illustrative embodiments, this description is
not intended to be construed in a limiting sense. Varilous
modifications and combinations of the illustrative
embodiments as well as other embodiments of the invention
will be apparent to persocns skilled in the art wupon
reference to the description. It is, therefore, intended
that the appended claims encompass any such modifications

or embodiments.
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12. The systemas recited in any one of clains 8 to 11 wherein the
depth reference coupling is operable to connect two adjacent tubul ar
menbers of the first tubular string. 13. The systemas recited in any
one of clainms 8 to 12 wherein the indicator assenbly further
conprises an indicator coupling operable to connect two adjacent

tubul ar nenbers of the second tubular string. 14. A met hod
for depth referencing tubular strings in a wellbore, the nethod
conpri si ng: installing a first tubular string in the well bore,

t he firstwHatbulsarclstitieng ilkavi ng a depth reference coupling positioned
therein, the depth reference coupling having a profile;
1. An apparatus for depth referencing tubular
strings in a wellkore, the apparatus comprising:
a depth reference coupling positioned in a first
tubular string, the depth reference coupling having a
profile; and
an indicator assembly positioned in a second tubular
string, the indicator assembly having a mating profile
operable to engage the profile o¢f the depth reference
coupling;
wherein, the first tubular string has a predetermined
length between the depth reference coupling and a
predetermined reference point; and
wherein, 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.

2. The apparatus as recited in claim 1 wherein the

depth reference coupling is operable to connect two

adjacent tubular members of the first tubular string.
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determ ning the depth of the depth reference coupling relative to a
predet erm ned reference point; runni ng a second tubular string
inthe first tubular string, the second tubular string having an

i ndi cator assenbly positioned therein, the indicator assenbly having
a mating profile; and engagi ng the mating profile of the

i ndi cator assenbly with the profile of the depth reference coupling.
15. The nmethod as recited in claim14 wherein installing a first
tubul ar string in the wellbore further conprises connecting two

adj acent tubulzmar nEmeerspdfradthe fdgs stedidud ain séYding W éh thehdeptih
ref erence coupling. 16. The method as recited in claim14 or

15 wher eithdetgrer g bhe drpt hgebtrhhe rdept-bneef ecenpei 68UPkELREher
relative to a predeterm ned reference point further conprises

det er ni ni fgndhesdepth atathe Hepth Feleranss 1Gauptd g d ehathysed 0ig
wel | head reference point.

an inner surface of the depth reference coupling.

4. The apparatus as recited in claim 1 or 2 wherein
the profile of the depth reference coupling further
comprises at least two circumferential recesses disposed at
different axial positions in an inner surface of the depth

reference coupling.

5. The apparatus as recited in any one of the
preceding claims wherein the indicator assembly further
comprises an indicator ccupling operable to connect two

adjacent tubular members of the second tubular string.

6. The apparatus as recited in any one of the
preceding claims wherein the mating profile of the
indicator assembly further comprises a plurality of

locating keys.
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17. The method as recited in claim14, 15 or 16 wherein determning
the depth of the depth reference coupling relative to a predeterm ned
reference point further conprises determ ning the depth of the depth
reference coupling relative to a reference point in a third tubul ar
string. 18. The nmethod as recited in any one of clains 14 to 17
wherein running a second tubular string in the first tubular string
further conprises connecting tw adj acent tubul ar nenbers of the
second tubular string with the indicator assenbly. 19. The nethod as
recited in anys.one 0fe dpdatatld tas 18enhes®i ineagayidig tde sBiing 1
profile of the indicator assenbly with the profile of the depth

ref erence: gobplhagef Hr tther (FeNRY S8% ©Ngadh NItRe PhHRALLE Y Oh skagBl iyNg
keys of the indicator assenbly with the profile of the depth

referencesgOoUpli NYmprises a2Bo1T8€ FERLOAG @S recited in any one of
clains 14 to 18 wherein engaging the mating profile of the indicator

assenbly with the profile of the depth reference coupling further
conprises engaging a collet assenbly of the indicator assenbly with

the profile O%.theﬂgegggtéﬁfgﬁﬁpc%é%%%plEggérencing and 1installing

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 1length 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, the suspension tool selectively operable to support

the second tubular string within the first tubular string.
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9. The system as recited in claim 8 wherein the
indicator assembly 1s positicned downhole of the suspension

tool in the second tubular string.

10. The system as recited in claim 8 wherein the
indicator assembly 1is positioned uphole of the suspension

tool in the second tubular string.

11. The system as recited in claim 10 wherein the
indicator assembly is retrievable with the service string

assembly once the suspensicn tool has been actuated.

12. The system as recited in any one of claims 8 to
11 wherein the depth reference coupling is operable to
connect twe adjacent tubular members of the first tubular

string.

13. The system as recited in any one of claims 8 to
12 wherein the indicator assembly £further comprises an
indicator coupling operable to connect two adjiacent tubular

members of the second tubular string.

32



14. A method for depth referencing tubular strings in
a wellbore, the method comprising:

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 ©f the indicateor assembly

with the profile of the depth reference coupling.

15. The method as recited 1in <claim 14 wherein
installing a first tubular string in the wellbore further
comprises connecting twoc adjacent tubular members of the

first tubular string with the depth reference coupling.

16. The method as recited in claim 14 or 15 wherein

determining the depth of the depth reference coupling

relative to a predetermined reference point further
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comprises determining the depth of the depth reference

coupling relative to a wellhead reference point.

17. The method as recited in claim 14, 15 or 16
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 polint in a third

tubular string.

18. The method as recited in any one of claims 14 to
17 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.

19. The method as recited in any one of claims 14 to
18 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.
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20. The method as recited in any one of cleims 14 to
18 wherein engaging the mating profile of the indicator
assembly with the profile of the depth reference coupling
further comprises engaging a c¢ollet assembly of the
indicator assembly with the profile of the depth reference

coupling.
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