CASING HANGER NESTING INDICATOR BACKGROUND OF THE
INVENTION 1. Field of the Invention [0001] The present invention relates in
general to a method and apparatus to signal the proper landing of a wellbore
tool on a surface, and in particular to pyrotechnic and frequency tone signals

to indicate the prepesiresing RIGEFR RS NARGENDSEA TIOR 2. Brief
Description of Related Art [0002] When oil production casing is run down hole

on casing hangers and landed on the high pressure wellhead housing, either
on the lower load shoulder or nested above on the shoulder of a previously

landed casing hangggaibg GameNnpLeHeHE gm0 the load bearing
shoulder for the seal to be at the proper elevation to engage the sealing and

locking wicker grooves. It is useful for the crew running the casing to know if
1. Fighe braingais/argitanded on the shoulders or if the casing is stuck in the

ellbore, landed but out of position on the landing sub, or properly landed on
10001} NG, RIERERH AN HRRARPIBE AR FONHTRFRAHBULS (© Signal the proper
landirfgnbP A MeMSovE this i nye i csu R dd e advaitaarol gy @ sienalovasd fequency tone
_ asing hanger is properly landed. In an exemplary embodiment, the signal is
signals {0 ARG RS PIRRES BEH DA IR R PPBE RF AL Bhg. The signal may
be generated in a variety of ways, including, for example, the report of a
2. Brigfrbestmjitidisoh&glatedadirequency tone that resonates along the drill

ing. Ei ' | L h Il h h h .
oo W A SR SR OSBRI e v
pressBeethnat| heath amsing vehiibkrtioo fivetoss: radvaiteesr areb tlyjcdio o thie the shoulder of
2 prelJuBEN T fRl SociorHarioal Y8 HEnBRS HRAAR BES0t S AT Biiting shouicer
for thbrisfbl suiipenatittes Riopes Alayai®hdd bedbi:seategoathe leckbiglimeker grooves. It is
£ which is i din t ) . — .
et R S 15 SO RO SRS LA e 8L s o i tne
casinglistséieloitytkzepnefipare, landed but oupadition on the landing sub, or properly landed

on the landing sub.

SUMMARY OF THE INVENTION

[0003] Various embodiments of this invention provide a wayproduce a signal when the
casing hanger is properly landed. In an exempganpodiment, the signal is an audible signal
that is generated upon successful landing. Theabignay be generated in a variety of ways,
including, for example, the report of a pyrotechdischarge or a frequency tone that resonates
along the drill string. Either signal may travel the wellbore and be heard by the crew that is

running the casing.



embodiment of the invention and is therefore not to be considered limiting of
its scope as the invention may admit to other equally effective embodiments.
[0005] Figure 1 is a sectional view of an exemplary embodiment of a

pyrotechnic nesting indicator. [0006] Figure 2 is a sectional view showing an

exemplary embodyrentoh_IERUSTRYNCOE NEEtiNGRIANGRIGS [0007] Figure
3 is a sectional view of the signal ring of the frequency tone nesting indicator

[0004p S itheetAe [OROBIEFigLvehitls medleaiemszfaheesﬁmdi nirhxje@tshﬁ tregiremeition, as well
tIEfnen stmc\;é/rm%ator of Figure % éOOCr)?é][ e5| ato V|e§\{v of.the surfac tai
as o %rr?s@’ 4 o eﬁ%ﬁl?eﬂB%%%%h S ‘1?81“0 CRder iR {3 pry g detail, more
partlcﬁImmmmmwmbﬂm@mmhmpmémsmmewmermwmeaﬂaﬂ thereference to the
freque ton n f.Fi ur ure7|s ectional
embo\(/j '% F ﬁ&'lg Eace %a??sggl gra%?ﬁhe e%t?é[ﬁ@ ng | iCARY'BPS form a part
of th|§|gp&|2|cfﬁmt2] Higsreo8be mdtagrdnmwaumﬂatemafdfm/\mmﬁrlﬂattramWnlgnes preferred
em odlme t of the frequengy tone nesting,indi catoro
embo R B R AR AL Tl RIS R IR 35 scgpe as the

inventiencoagwedarictaotied e gihallgteffeatide leaimedistor ring in the casing
hanger running tool of Figure 2. -2 [0014] Figure 10 is a sectional view of the

[0005[ ERatActar In the-6a5K19AANOST %H‘%El@é?ﬁ? Cbrﬂiﬁmﬁﬂngf‘% Fbgﬁ@&%?@ nesting

tem connector of on the frequency ton ng indicator
lndlCE[UUlS] Figure 11 is a sectional view showing the conductors and electrical
contact points in the casing hanger and the lower portion of the casing

[000N @G UNRNg toot b wieR- SABHA T aw e terprifsainmRhYieN sheui@ncy tone

an alternative embodiment of the casing hanger and lower portion of the
nesting SidCAE ger running tool of Figure 2.

[0007] Figure 3 is a sectional view of the signal ringtloed frequency tone nesting indicator of
Figure 2.

[0008] Figure 4 is a top view of the signal ring of theduency tone nesting indicator of Figure
2.

[0009] Figure 5 is a top view of the surface transceifehe frequency tone nesting indicator of
Figure 2.

[0010] Figure 6 is a top view of the unlatched positionhaf surface transceiver of the frequency

tone nesting indicator of Figure 2.

[0011] Figure 7 is a sectional view of the surface traivaceof the frequency tone nesting
indicator of Figure 2.

[0012] Figure 8 is a diagrammatic view of the electric@mponents of an exemplary

embodiment of the frequency tone nesting indicafdrigure 2.

[0013] Figure 9 is a cross sectional view, taken alongeline, of the conductor channel in
the stem and the conductor ring in the casing hangmeing tool of Figure 2.
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[0017] Figure 13 is a cross sectional view of an exemplary embodiment of a
conductive paint connector of the alternative embodiment of Figure 2. [0018]
Figure 14 is a cross sectional view of an exemplary embodiment of a
conductive ribbon connector of the alternative embodiment of Figure 2.
[0014]062L & g0 Ebde@ispREMAlicofieMeaimySiwtnh brihofcaRin g Prdigee TuahiRg tool and
frequency tone generator of Figure 2. [0020] Figure 16 is a schematic view _
the copduGipsANARATRANGSIRRYLGAMIRBi R GAHEN fe fefen AP RYRG Indicator of Figure
2. generator of Figure 2. -3 DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT [0021] The present invention will now be described more fully

‘einafter with reference to the . accompanying drawings which illustrate . = .
10015 RN 8 RE Uah A PR e Ay R Er LA i n the
casinmbayghifersntierfos/andetionl d nbiebeasargtiv ednasnignidetidbRigprdl @strated
embodiments set forth herein. Rather, these embodiments are provided so
cousf Y S NS, TR MR Bl anger
and leyeeh pardien ol e easing freneanie mutgiBFdhiowsead, indicates similar
elements in alternative embodiments. [0022] Referring to Figure 1, wellhead

[0017]‘@1i’§1iﬂ8 18 hasaciRding SHERA RS En(RYEPhOMAD o SHPBPESCOr@ictive paint
casing hanger 14. Wellhead housing 10 is located on a sea floor and

conneelen &Eie B UG SaYRIRYeNTREF@¥i&Rown). Outer casing hanger 14
has a tapered shoulder with support surface 16. An inner casing hanger 20
[0018]sHiyvesetiahsoaghdbs seaitinral viely ibfantexenapiayeatingitasigercbhductive ribbon
Load bearing shoulder 22 of inner casing hanger 20 lands on the support
conn 585%. ﬁ%?@gsﬁ{awgﬁgm&?sﬁ@éﬁﬁginner casing string 21 in the
wellbore. The lower portion of casing hanger 20 is tapered to fit inside lower
[0019t &diny hdidgisr d 4cheoniie] \Hewrint) istynad p22hin acbnitialesttonldbetfreguency tone
genel%?&e&i%ﬁfg §gch that the widest portion is higher than the narrowest

portion. The outer diameter ("OD") of the upper portion of casing hanger 20

forms a sealing surface 24. The sealing surface 24 may have a generallgl_
[0020% higstie stifrdeedshitgMalfe wWenbdied signal path wmfaiternative embodiment of the

frequency tone generator of Figure 2.



surface. [0024] In an exemplary embodiment of a casing hanger nesting
indicator, pyrotechnic nesting indicator 26 is used to signal the landing of
casing hanger 20. One or more charge bores 28 are drilled or machined
through load bearing shoulder 22. The charge bores 28 may have a

cylindripg shaperang SR BXHON AMyan PREPERIEE D thesxssIRiEher

casing hanger 20, but any shape and any orientation may be used. The
[0021]oViex preseheavieadtiargeviioneidds desiriaed thallyfiperctmateloseth f@tehce to the

The upper portion of ¢ ore 8 contains e 30 hec
acco e R e RO T et Ebas b, pyentp s iR htion may,
howeeaermﬁaeyrmmﬂnedlmeMadyaeuéeBinsfmamemﬁmmIaﬂsmbeotwgtmewﬁsrl|m|ted to the
s SRR P A AL SHRER B IR e o v
disclasmd)wrlhahEtinomwghaaaty mmmﬂalaanWr@sw ﬂhetsctcmelqﬁahleidnyention to
those® sﬁ@%({ |Bu%p%mtru bed%v%tkrlg r|8E ?@?QQ%SHE %859 U|d %:réjnme notation, if

couI "0 pro rude y more or fes B hger
used siealicrtesysiddlarelerdets circ altdenativce eBelé gtoove 34 can be at any point
above the detent notch 36 on the axis of the plunger 32. Some embodiments

[0022];\%1@%56“6 f@[ﬂ’%t Towglfﬁ%aﬁ‘“ﬂéﬂ%g“?c%%s%ﬂ%es E}E‘%OR:?'(Hot shown)

ong the axis of plungér 32. Seal groové 34 contains ase suc
that suyRaoFise0sEel mlngebgmérlfﬂom%dmmgbdm@@ 39.Iq0etxs] mnara sea floor and

connEXRTREY SMRRY Mesidasing hngere? BRswersr 4G ding ﬂ%%@ﬂﬁ% has a tapered

spring loaded pin with a rodnd head that protrudes from casmg hanger 20

shouliis Wik §e/PRRE ZRIFACAJE. M INederdngRes 206 Shawerd By elgnthe wellbore
until #9aRRLSH IR %géﬁ@eWEﬁ?Etﬁﬁt 496%?1‘%93?%%9@( 32 BY iR OWelsing hanger 20

position until it lands on shoulder 22.. [0029] Below detent notch 36 is detent
landsj@y thaypupporéeufaes Wy 40 is a vertical slot milled into the side of
plunger 32 that extends from the bottom of plunger 32 to detent notch 36.

[0023] Caadiepthpigtetont keypary 4#hisrleasitpaiitydensnadidriant naienaler portion of
[0030] Detent 40 fits in detent notch 36 to prevent plunger 32 from falling out

Cas'”ﬁ/ﬁ?é‘@ﬁ%l%% I% LARRresis Béﬂ%q%\k%é’g‘mﬁﬁ@?fh%%eﬂ%rIQaWHQﬁr{H@ shoulder 22 is
a corfiéginthbanuertrracsiepdienandidGuch thawtdest portion is higher than the narrowest

portion. The outer diameter ("OD") of the uppertjmm of casing hanger 20 forms a sealing
surface 24. The sealing surface 24 may have aggnsmooth surface or may have a grooved

surface.

[0024] In an exemplary embodiment of a casing hanger mgestidicator, pyrotechnic nesting
indicator 26 is used to signal the landing of cgdianger 20. One or more charge bores 28 are
drilled or machined through load bearing should2r 2The charge bores 28 may have a
cylindrical shape and may extend along an axislleata the axis of the casing hanger 20, but
any shape and any orientation may be used. Therlend of each charge bore 28 is open and
the upper end closed.

[0025] The upper portion of charge bore 28 contains ageh&0. The charge may be any
explosive material that detonates by impact orqanes In an exemplary embodiment, charge 30

is made of potassium chlorate, sulfur, and samdoaind together with a starch binder.

-4-



sub or other casing hanger 14, the plunger hits support surface 16 of casing

hanger 14 or landing sub, pushing up on plunger 32 relative to casing

hanger 20. The force against the plunger is sufficient to push detent 40 out

of detent notch 36. As plunger 32 moves up, detent 40 continues to engage
[oozepﬁﬁeabr@wwabélaw%rg@irE@inmtbﬁrﬂ@j'@\l ggnigaiol Mgspugeseddly cylindrical

[0031] The top of charge bore 28 is in communication with a drschY%ge port

shape gneap; eI Hotu® YHRMN S M IBEIRICHER 0 8B ERYEldRstion, plunger
32 produges2eeiowhiig edaer 88t espyiatidecatiiurf phagri®@we 8IS but it could also

generally above the widest point of the OD of casing hanger 20. The
protr%gchg@grﬁoq{ J$% plugged with plug 48, which is made of a suitable water
resistant material such as, for example, wax. Any water resistant material
[Oozmﬁwbgerseﬁ r{@@mmrogmmmmmmsm@mamzmmmmm can be at any

point 528 IRDAEIAHE HO Fast 52, sukes s supoart Sue B IR AV SRay not have

e plunger e1o casing unge
deterﬁtnb&ﬂwa&?ﬁi cod ihess Heespdd $jveovieacge aﬁﬁﬁmnMangdhpIngDBEIunger 32. Seal
roove con anoswee(arl]%{%c 30 tonex Iode étrrn andr rorpeac in arge 30.
9 explosion exﬁs c]sqarge ore%g tﬁroug ISC arg port pus Ing plugngé] 9

out of discharge port 46 in the process. The noise generated by the

(0028 4| 65iRKE AR RTOPEEMeN-6psingiingge PRrhaBBEd mangdelars is a spring
loadetMPiNEARPCLEr oL HEXHAR AP B % aReY 8 KIS AHBRER MY iR AHEARNSHER8. Plunger

report of the explosive charge. Also, casing hanger 20 is lowered on a

32 hasoAddalefichaietAB B, WRRIHeS Aelea IBHIRRINY Hihg6r PUePSadeiniingO to retain
plundC 2T RRIFEAMIBRYL BSRN IRiTSEav REAIRdR I drill pipe created by the

explosmn [0033] Referring to Figure 2, in an alternative embodiment,
frequency tone generator-transmitter assembly 100 may transmrt asi

[0029 Reioyy deteqliBRiS B ElPtenE key hidgr thR kBraimg49ds f\al 'Ca' slot milled
into tRESiALPPHRISEYECHabevedheswalktoringisater thrinyelEr adidensisnotch 36. The

properly landed on a surface inside the wellbore, such as on wellhead
depthyof dRigEceYTHEY A e %ﬂ%@%@b@%ﬁb‘%@ hear the audible

signal resonating from the drill string. Surface transceiver 106 may be used
[00301d:retezitre4méi15ignadietem nuacmefsudaamvﬂne platigerérortufallinguitlibevhile casing

are, bushin such S ca n han ‘?ﬁ eal 110. [% 8] Referr .
nenod g ety O e e ereRe s el hiEs e landing
sub or other casing hanger 14 the plunger hitpausurface 16 of casing hanger 14 or landing
sub, pushing up on plunger 32 relative to casinggbe 20. The force against the plunger is
sufficient to push detent 40 out of detent notch B8 plunger 32 moves up, detent 40 continues

to engage detent key-way 42, thus maintaining Xired alignment of the plunger 32.

[0031] The top of charge bore 28 is in communication vaitlischarge port 46. The discharge
port 46 is an opening drilled through the OD ofikgshanger 20 to charge bore 28. The axial
location of charge bore 28 is generally above tisest point of the OD of casing hanger 20.
The discharge port 46 is plugged with plug 48, \Wwhis made of a suitable water resistant

material such as, for example, wax. Any waterstasit material may be used.

[0032] In operation, when casing hanger 20 reaches loasing hanger 14, the plunger 32

strikes the support surface 16. This drives thmgér 32 up relative to casing hanger 20, and
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ring housing 112 (Figure 4) that slides over running tool stem 114 (Figure 2).
Running tool stem 114 attaches to, and becomes part of, the drill string 102
(Figure 2). Ring housing 112 could be made out of any material, including
steel, aluminum, polymer, and the like. Ring housing 112 may be have a

thus Q@ST@HM@WJ%§WGMBQB§B§%@MQ@§(@D THealnhaeyeebinAges 32 causes
larger than the inner diameter ("ID"). The ID is slightly larger than the OD of

eXp'OﬁJYﬁuﬁBacEQﬁ stanio erPlesure’ BE PO BB IRGISYPIOSRgeIs Grge bore 28

througRdlIEt Ry dparnmBathushlity witlythe @(ﬁ@@mrg@fm@ 26 rripfﬁeC@‘v‘ﬁt%ﬁss The noise
118 that contain signal components, In an exemplary embodiment, several

generalGhily {he SP@@%M&GE@M‘%\%QW aiéﬂﬁd“%ﬁﬁ’g}ﬁfﬁlaﬁﬁ@ ROISARy 3G mpydravel up the
wellb6rYitiEREneEIshhadoineadew 6itRerfensotgitdratsbannes 42 énigper A that explosive

could be used to house wires connectln components located in each of the

chargg,yifiso S H12A0Ry #9s' Srﬂ%\‘ﬁ)’%'éﬁﬂa BUGR A5 UWmBBifetzh secures to

casmtj,nh@ﬁ@ﬁac@mmﬂe@twnam@etdmaw%ncaewm;ébﬁe 19635 @mevsmearetdk drill pipe
the ca es 118 may contain power supply 122 (Figure 4). Power supply 122

created M fible, batteries. In an exemplary embodiment, the power
supply 122 Is a set -6 of ten 9-volt batteries arranged in two groups of five.
[ 0033E Retiesengftiiviei partte P iacalteecadis éne isddesnpdnsinehunsy mgenﬁmmwdwansmltter

asse O A S S A AL RS S g o s
102 tohargepzﬂrﬂ@@ [mAHnecnhdlat;mefbof/bathermhdtpametmnpwwbmnawIamLesesi,properly

Iande\fihclﬁh % rom(g%g grl? "Wl tg%\P’ ﬁlgﬁt%gﬁ% géﬁ%ﬁ?&%ﬁ‘rﬂ‘é’ r(?pgﬁator on the

e caviu may con ain a Wav’e orm enera
surfawjjmsta,blbefraiplentcy hA’/awdherraLgth@ramgrman ﬁron‘uctbea giijhadtsingh  Surface

rans 35,067 BESHAGVE SRR 1 S HAOUIRET 5 HPHR IS lfbore ficure

at provides power onnector will
coulddeserivetlinradais ieipve usle ésiciasfglstitfdughseainhEdtor 126 at various
rates depending on conditions such as whether casing hanger 108 is landed,

[0034?%%?‘@@ 'ﬁ‘)ﬂﬂ?lﬁ'% Qrz%"r‘@léﬂ-@q%&nﬁé%@%qé%ﬁﬁﬂWWHg%W%O comprises

hrough connecfor 126 at a first rate, wave form genera 24 produces a

ring mgﬁmgwa%é%%m hrtnsidles\onay étl!élﬁﬁ@ityot%w%%& é%%tﬂ]a)adattnnmg tool stem
114 aﬁ?eé&i}\gﬁéfé E@geﬁcétlf\iﬁe@é%rd% BfORICaRIRSHODAFRAE 2R RERPARHFID 2 could be
made out of any material, including steel, alumingolymer, and the like. Ring housing 112
may be have a generally annular shape, with arr digeneter ("OD") that is several inches
larger than the inner diameter ("ID"). The ID lightly larger than the OD of running tool stem
114 (Figure 2). The area between ring housing@QD2and ID may be generally solid, with the
exception of one or more cavities 118 that contsignal components. In an exemplary
embodiment, several cavities 118 are distributedllg;xaround cylindrical ring housing 112.

The cavities may 118 be joined by circumferentisdewchannel 120 (Figure 4) that could be
used to house wires connecting components locatedah of the cavities 118. Each cavity 118

may contain a single type of component, or multg@enponents may be located in a cavity 118.

[0035] One or more of the cavities 118 may contain powepl/ 122 (Figure 4). Power supply

122 could be, for example, batteries. In an exam@mbodiment, the power supply 122 is a set



[0037] One or more of cavities 118 may contain signal amplifier 128 (Figure
4). In an exemplary embodiment, signal amplifier 128 takes the signal from
wave form generator 124 and amplifies the voltage, current, or both. The

signal from wave form generator 124 or amplifier 128 may be used to drive

of terfrennitetiered Hedrydl (RG] GraessisorEerRtiag bl hagsiirpldiBennected in
may contain transmitter 130. Transmitter 130 generates tones, some of

serieqiqdH PR DA 2NRIR rdAen YR SeiF A d BHRe SR Jda dRfREekinREduce a higher
curreRY ofas|exgIviRle sigspasting avasphe dIhstba@H 62 give Leshibthde sedakecharge of

as an audible tone such as an FSK or a vibration through liquid in the well. In ,
980 Mt x BRI RASHIRALREESH I SANELIUFRIRNORE 7B o3 efdfqyide higher

or lovisildl8eriviipharges|d be, for example a copper coil wound to form a cylinder.
The energized coil 132 creates a magnetic field. Some embodiments may

e two, three, qr four transmit 130, but a single transmitter 130 o :
10030 e 0 T e I ey s WAl el 24 having an

adjustabteriaéq@drisya nviteralfeunhgesn detendl 4hptayhace @s Shapk suchesgoassjuare-wave
. 0 a magnetic field. Magnetostrictive material 134 may be located within th .
signely A SR RV PAURES ARG st B T TERER RSPt provides
poweexamptmrecidindizéal -Ashaille bEhdesagbeticifiailiehelmvatetebiricay f8Rvs through

C e.magnetarestricti orial 13 xpand, which. drives I :
conn g A e AR 0 e IR ALY SR R e 106 i
landechps@ab (HiguseiB) positibe, nuadeecal &l ik tish girned etaits it$\dhapewnent flows through

' r ress, h f erryh r

conn eS8 40 T8 08 P A AT CHRAT Ft requency
Whergetestitoityl Jo\aasingsecymt@nelsthotiv eatexte atrb3geioe dioe hadnpredoaps a signal

havingag saé Cabﬁarg%%{)@%gger@%{?gﬁe v%ﬁ %Ei\za mplary embodiment copper coil

generates Ses magnetorestrictor 134 to

drive cap 136 against adjacent surface 138. [0040] The frequency generated
[0037hPRaverfonarge Rérattities 1 tay transmttsiongtrdmphikis F30urgag)- In an

exem{fYy eBBJTRRHRNSISAATERSHIR A8 ta kaay HICY e tﬂ%@éiwﬁmrﬁ’eﬁ%tor 124 and

other frequencies. The optimal tone frequency, however, is subject to

ampligRarife yoHassingsretHe Ok diaPbndie SldRaTINNAHg gReEXOHR4 or amplifier
128 ri{fBeeu S Y BRCRGFAIPHES A (ialg i ayvater

[0038] One or more cavities 118 on the signal ring maytaiartransmitter 130. Transmitter 130
generates tones, some of which may be able to réecisurface. The tones may reach the
surface by, for example, resonating along the dtiing 102 and reaching the surface as an
audible tone such as an FSK or a vibration throlighid in the well. In an exemplary
embodiment, an electrical signal from amplifier 1@8ergizes coil 132, which could be, for
example a copper coil wound to form a cylinder. e @nergized coil 132 creates a magnetic
field. Some embodiments may have two, three, or fimnsmitters 130, but a single transmitter

130 or more than four transmitters 130 may be used.

[0039] Magnetostrictive material 134 is a material suchTasfenol, that changes shape in
response to a magnetic field. Magnetostrictiveemialt 134 may be located within the inner

diameter of coil 132. Magnetorestrictive mateti84 could have, for example, a cylindrical
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or mud) around the drill string. In some embodiments, wave form generator
124 is able to generate a variety of frequencies within a range of
frequencies. A typical range of frequencies could be, for example, 500 Hz to
1800 Hz, but higher frequencies such as up to 10kHz or 20kHz may be

shapélserhélighghBrayrRngigemerxteesblf ComateietRECAHERRBRISIREWE RRterial 134 to
as signals resonate up the drill string. Some embodiments may have a

expands WHIGH HEYER NS U ehpARkibRdly 9760 KHPIfBAIRreskeurface 138 (Figure 3).
The HRAEIRERIIIBCEIYEF 4T MgUse Maddiehdnmebrieradatsis)ealiié subjected to

cavities 118, is able to detect tonal vibrations in the drill string 102. When a

repegied USSP (HEram RLFSRMREL 86 Y LT L e MR elifrield s fyelsdken and off
at a gRBrWhighavitpe yesaubeadmore fidhiton thEssasranBawegiEtigerasaterial 134 to

. 5-7) may generate a confirmation signal, wherein the confirmation signal _
drive t‘P&v’B‘i@%ﬂé%%’ the%iAth ARG SRAANALA F%Eﬂ@ﬁ@n%ﬁ%'fébﬁﬁ&%ﬁ%&erﬂ%opper coil

132 geagrasesthecaniigmatioidanesnichniinstnbthgrionedionsirassmiiterckp0136 against
reachegi the surface. Alternatively, receiver 142 may analyze a tone from the

adjacgfirsHEacR IHen generate a signal to wave form generator 124 so that wave
form generator 124 can create a comparable frequency to transmit through
[ 0040thEhteaiinequita cyl g@ns tafadeoly anavel ttermmggresiatonir2diknget ein Sradtexhbie ransmitter
til recejve dgtects a freq S b (eim ts, suxf :
130, [l TRl s R RS TS e R BTG N B Sepo than otver
frequemmiesReddigcofidahdyp e foentainey ihohesarsejesity@hahetradpsnding on the

condBES 38 SINEIRECIG RS RO B s e vt

or muedyigydlrdd [064 2l il stitynd.1 8l or SVt esn i 8diege wantaifocompenerstomaigbdes able to
| : ' f i ' . [l 4 :
gene 8 BBy U L e Wi W B 0o A SEL 8re o reuences

coulddike fonexaspiel e Hzeld tb30dtdzt the bighente ot itr sehitasrom thd OkHz or 20kHz

|- . nbadj i li )
may H R R T B e e AR AT 555 RAMTET oo signals
resongitete Up4tiwea dnid wiringn inSemaedesntaditentsterhayeare simkimtothéequency  of

| r.digmeter of signal ring housing 112. [0043] In a preferred
apprdgrfr?l‘@%%il ggesiggl ring housing 112 comprises upper cylinder 146 (Figure

[0041] In some embodiments, receiver 142 (Figure 4), whichy be located in one of the
cavities 118, is able to detect tonal vibrationghim drill string 102. When a frequency tone from
transmitter 130 reaches the surface, surface tearescl06 (which will be described more fully
in the text accompanying Figures 5-7) may genemateonfirmation signal, wherein the
confirmation signal travels along the drill strifrpm the surface to signal ring 100. Receiver
142 may use the confirmation tone to confirm tlne tone from transmitter 130 reached the
surface. Alternatively, receiver 142 may analyzmme from the surface and then generate a
signal to wave form generator 124 so that wave fgemerator 124 can create a comparable
frequency to transmit through the transmitter 18urface transmitter may transmit a range of
frequencies until receiver 142 detects a frequenktysome embodiments, surface transmitter
begins transmitting at 500 Hz and transmits up 8 01Hz or more. Receiver 142 may be

contained in the same cavity and electronics paxkagy wave form generator 124, may be



3) having an OD that does not extend past cavities 118, and wide cylinder

148 that contains cavities 118. Upper cylinder 146 may have sealing surface
150. Wide cylinder 148 may have sealing surface 152. Sealing surfaces 150,
152 may have a vertical orientation, as shown in Figure 3, or they may have

locatedoRnaraiidiotsaipaherenialiamvdigrainiritriyfaces arenfay BaIBER@Nn its own
the top of wide cylinder 148. Sealing plate 144 comprises seals 154 to

cavityhd8ge sealing surfaces 150, 152 on signal ring housing 112. Seals 154
may sit in inner seal groove 156 and outer seal groove 158. When sealing
[0042plateyity4 iSlmitealvities S dhaingohaisingrhp2nienisr e aagdedaj\awaltdsty of means.

x i h f
mere R D R e S R TR O Sl cou ve
filled Refeapuoxyo @@myesmanméasg;nammgelomﬁrammhbé tonientsgidhkeldaity from the

well- g} urevzn) r'?‘m\é% |e %Inag%é:rrﬁm arr]t devie belgsseedalsa(% ?l ”nfjﬁl goses all of the
G5 BeE ?or example cIampeB y%n] oro Swise At H %o running

cawUHsollEBzarid wmeebantmadhm(agheeoé)npﬁgﬂmmoi@igsa{ rlng mmm are ianer and outer

ciam G2 PA0 S anIaa eqAL A b meniaiiog A i, famp ing
igure §j comprlses WohdVessra rng aved'are Jome
horizontal bolts 162. When the bolts pull the halves together, clamp wickers

[0043] 62 acpnedettiedigmp ealsnabtisignakring hogsigarddBpusescappernsyigsler 146 (Figure
3) hallitfHEn3OR SR3PEBESIHEP SlERRliBAHNGRIRLR, Lafd Wf&é“@t;mﬁ‘&%rl‘lﬂfk"ﬁﬂﬁ contains

position wherein surface 138 contacts hammer caps 136 168 may be

cavitigselfh I¢RAsBICYliBdan pcaipyphave fpaladacac 204 Wigecybnderebigimay have
seallﬁl?ts\ﬁ‘ﬁ@@ 189se dpAipegIrri esnbagiment, B 98P 8RERIHBR, MRY shown in

bolts 166 are used to attach sealing ring 144 to the top of signal ring housing

Figure13, ay [sasMee W@r%rﬂﬁmetﬁﬁyth@@@ﬁmgtlmo\m@%l%d)@@aﬁ%ﬂéﬁs are, for
examiR&NS P SESP Jo]f%ﬁégeﬁr?def‘iégo‘“@éﬁtﬁ@ér?& t@SHﬁW%@’%é@i@ﬁyto engage

be attached by clamps, bolts, or any other means. In an exemplary

seallwmﬂ@gmmg i'GO@idﬁ‘l@)\h@H@'l@)@@allé 1954 may sindnmengeal groove 156
and JBEQF%%P%HBH‘\)% apei® Of WRIAAL SIRY Bﬁlﬁéﬁ%lfé&@w%@@@é@rﬂ'&&%ﬁ&ng 112, it

174 or teeth to engage stem 114. Clamp ring 176 may be attached to the

form%atge@@ﬁuﬁwwag%dmmpsgab tdnaganﬁfseéa@mhedr@qawmgme%d:ﬁps 136 impact
surfa€84B4dimnt @ A9l ishiRmPORRSHINg GBI td-BWREr HHORV& iRl 72 may

have slots 178 with drilled ends to allow a greater range of inward

[0044] Referring to Figures 2 and 3, signal ring 100 iacted to running tool 114 (Figure 2). A
variety of attachment devices may be used. Signgl100 could be, for example, clamped, or
bolted, or otherwise attached to running tool 114.some embodiments, the components of
signal ring 100 are an integral part of running tbb4. In an embodiment using a clamp, clamp
ring 160 (Figure 3) comprises two halves of a rinthe halves are joined by horizontal bolts
162. When the bolts pull the halves together, plamckers 164, or teeth, clamp around tool
stem 114 (Figure 2). Vertical bolts 166 (FigurepB@ss against top of sealing ring plate 144,
forcing plate 144 into a position wherein surfa@8 tontacts hammer caps 136. Nuts 168 may
be used to lock bolts 166 in place in place aggiete 144 so that bolts 166 will not vibrate
loose. In a preferred embodiment, clamp ring 188 elamp ring bolts 166 are used to attach

sealing ring 144 to the top of signal ring houslig.



movement as clamp ring 176 tightens lower grooved lip 172 against the tool
stem. [0046] Thus signal ring 100 is clamped to running tool stem 114 at
each end of signal ring 100. When hammer caps 136 push against surface
138, the force causes ring housing 112 to behave like an actuator by

[0045PrPNENBREE ERlaxidasialheisighattiRgtweentizg taecapmsaslierfithe tool stem 114
proportional to the acoustic signal. [0047] Referring to Figure 4, wire channel

(Figuiegks A3iRIAMER ABHE L WiSaAn KIS oNeetop ) iZk be alipelieh PralRimgsL Pelts, or any
other Gheame! 12 dmaxdnprasceaassunhtie, caviigistddhistievéng rssisdadip 172. Lip 172

Channel 120 has a width and depth sufficient to contain wires (not shown

' )
is a ripg O SRL ANAH the RN IRBLRERRE dRcR AR il Ksmiield v WikkRES 174 or teeth
to enffitie Geeeraton 123 aans @ngplifer ha§- heO4@hrfey tnadeé igUIes & groove lip 170 to

surface transmitter and receiver ("surface transceiver") 106 is similar to

APPIYSRIRSP I 1200 SBWEESHPAVECEIR RS Pl A HETHRGRIRS 10 e 114. Lower

grooviecayon7 awarara\aig 8sRItE NG 7E) Qvisiy Cir e @bavesthikosuriacs @dtdie 3eyenof inward
the driIIin%éig] Surface transceiver 106 m?/ used in other locations. In

movetiant g HBUTMERG 116 LG BT EOBad & SRR A BEOL G iilar

to the components of signal ring 100. For example, surface transceiver 106
[ 0046 Blyusasig palwargs APPlys1dampadketéorongemetatis 4, angzdle ebhd8fasignal ring 100.

transmitter 130. T. arious co nents onnected. ire cha
wher BRI R 136 MR P RIRA I ANIREE Ol MEFSIE 12 to behave
like asepEaraldl®Iintyy tgooseny- girdutetacongp exéity | @ingtisdoeibwirenlatheo goodantsped ends,

lampe il string by hinge 184 and latch 186. The split ring may
propqfRhei BRI e

strifg at any position on the drill string, even if the drill
string is already joined to other sections of drill string ("made up"). Referring

[00471d?ﬁf9[f|i@97,t_%lﬁ"ﬂiéf@ tfandeeicBanos! hag h?aﬂél!%@nﬁﬁd:l@}@m iontag iaRgurface of
signafidgeieueint Pese G%Qﬂﬁéﬁﬁbqﬁéymmwmlégqiéﬁpt% #g housing.

inner diameter of its bore, located at the end opposite the upper wickers 188.

ChanprlsbiRBasranyiditians! clgore autisipricidmmyirenteetsttaebénainien between the
varioG9ThARBRE-¥ sigrrbsinaddfiteyedicalerridsierdar 194 infacksigmdrlizs,

In a preferred embodiment, connector 126 is Sealed so that water may not
enter signal rir:g 100 from the point where vertical conductor bar 192 is

[0048L REIRENE I AP 25 ISy HRGRIANSIMINSUGREN BhérTHY FrnEaFEsver') 106 is
similadiaonsighalf ring 100. Surface transceive6 Hamps to the drill string 102 at a location

away from signal ring 100, such as above the sertzcthe sea on the drilling rig. Surface

transceiver 106 may be used in other locations.sdme embodiments, the components of
surface transceiver 106 are similar to the comptenehsignal ring 100. For example, surface
transceiver 106 may have power supply 122, waven fgenerator 124, amplifier 128, and

transmitter 130. The various components may beected by wire channel 182.

[0049] Surface transceiver 106 may be a split ring, winetiee ring is separable into two semi-
circular components. The semi-circular componerdyg be clamped to drill string by hinge 184
and latch 186. The split ring may be attached doilastring at any position on the drill string,
even if the drill string is already joined to ottesctions of drill string ("made up”). Referrirg t

Figure 7, surface transceiver 106 may have uppekess 188 on an inner diameter of its bore,
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signal ring housing 112 and retained by retaining ring 194 that snaps into
retainer ring groove 196. One or more connectors 198 may connect through
or protrude from the ID of signal ring housing 112, wherein vertical conductor
bar 192 may be attached to connector 198. Connector 198 may also have

locatE@maatoRa0 24i5¢ hdvadnigiciaryitem (Ot tidrherdestind tetattalted at the end
wires go througtﬂgggssa e 202 in signal ring housing 112. Passage 202 could

OpPOgEEARR HIXRE" YHEEEER 178 intersects with wire channel 120. Alternatively,
passage 202 could go in other directions and intersect with cavity 118.

[ 0050] R feativviy dsa Oikotos Rriyume attamimitettiercbp6 extinné@Sevudrtreo comperidnta of signal

. onent such as wave for nerator 124. In some embodiments, wave
ring ARG PO Qoo B S Ot LS P 105 PR i connector
126 igeratatbsd 2datmegtalsnagpahod e sensighépioe teotmththe@intouned vertical conductor
ctrical gurrentpassing from.wave form erator 124 to vertical conductor.
bar 18 S Rl P B Pk 20 R ST Sl Hameter of
signahaingend0simy 442 4ha welacaedcyuretainingld94tbapastiapainttecsainecting groove
196, DERAICHIAr cesisiance. Yiave [am genciatpraRd s RIS Indeiael IRe Rl na rin
© of Carrant How Wih SufiCient ace acy to iden |We avent. In alternatve =9 9
housiemﬂd@nveln@ebigz&rtmm waydlmiofroar 2959 dﬁa;aitdtffgrdrtbomnpenmﬂéﬂ& Connector
108 5°SEiAAn gnal densator ansembly MG RRNACIEREALIRE internal
and whichever comporient supplies power may also be able 1o détect the rate
wiresagd tesisighcpasssgeaitPwithdigaauriegt flowdigme asshgdiROtcmag et a vertical

oo LT NS R U R AL 55 m o
directitiagrantilloteracnt wioh meslions 1R vietemaes (saicshpamratiachato the connector 126

bodi ] '
and B b e R R o T St ents, wave
form generaforcd@deptouitdgpositiestviveyeldatothqrdsitivéLbniwetienfofrpogeerator 124
lectrical
may B S T g P A o AU B R Slave form
genelretqmiMt@v&i@lmm@abarcbaﬂoommmee lata/,bgoacﬂidm such as the
@:ﬁé%‘é& @@WPE&&P?&VOJ&%- L AEXEIBRIBLY GBQM?:%W&rE/\QHE‘?@ubject to

|andi@%’§?%£8fq
complétes a'path to ground from a negative contact ot power supp
a partieglar resistance. Wave form generator $2dble to detect the rate of current flow with

sufficient accuracy to identify the event. In ati@ive embodiments, electricity may flow from
any of the different components associated witmaliggenerator assembly 100 to vertical
conductor bar 192, and whichever component suppb&ger may also be able to detect the rate
and resistance associated with the current floemé&embodiments may not use a sensor, per
se, but rather generate a frequency responsivéndolevel of current flowing out of the

component.

[0051] Figure 8 is a connection diagram illustrating cartizes between various components in
an exemplary embodiment. In an exemplary embodin@mponents such as receiver 142,
wave form generator 124, amplifier 128, and trattemiL30 are each connected by positive wire
204 to the positive connection of power supply 1Each of the components may be grounded,

such as by electrical connection to ring housing, it which case only positive wire 204 is
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[0052] Receiver 142 may include a digital phase lock loop ("PLL") capable of
locking to any acoustic frequency that transmits through the drill string from
the surface mounted acoustic transceiver. Thus when receiver receives
surface signal 208 from the surface (via the drill string), receiver locks on to
requifbg RFPHSEE PBURIIGY 2@ I 2BRTREREFOUSIRBIIRRZHE 10 yvawe $Qieh for energizing
enerator 124 to cause wave form generator 124 to generate wave form

powegiaHBPb’l%zﬁm?I%@Eb%%'@@igﬁ{ﬁpﬁég‘ﬁ%WQ&@M%@%%MHH”d from a

negatNavedeiaeasissaier ddpliansmits wave form signal 212 to amplifier 128.
Amplifier 128 amplifies signal 212 to create drive signal 214. Drive signal

4 has the, same fregquency as si [ 212, but wi eater amplification.
10052 S A BT L35t STl e AP ol o any
acougis frehiobnsythibdt Skasigmitstiiataagh rdso reitiitngl dngnthéndrif atiaicg. [A06Ated acoustic

Referringl_ o Fi yre 9, tool.stem vertical conduct rQ 92 is an exp sed , . .
transcelvgr. H n 'receiver recfelv S suraag;:leﬁ rom tne ?ur r';u:[en@a the drill
conductor that "transmits an electrical currenralong the length of Tool ste

string),1 de deded stecksentictd ¢hadactostizafrégYemmdbearsisymeocstiabéigobl 210 to wave

assin ar‘i IE(EtricaI current. I'F a preferred e imeqt vertical conductor .
form en(_a[ or 8cause wayv r rggnetratort n?r e wave or(n signal 212 similar
ar IS @ hard, wear resistant corvductive material. In-an exemplary

to sudadectlgnahf@hannel 218 on the side of tool stem 114 contains vertical
conductor bar 192. Channel 218 may be lined by channel insulator 220,

[0053)VHEH S RAHABrSRN ARG MAE RhYCH AR %@%ﬁté’ﬂtﬁé@ﬂﬁ@‘mg‘%}ﬁa signal 212

hannel 218 is filled with resilient material 2 Resilient material 222 coul

to anbzii%erezc,ai%ntwlﬁar_m &ﬁ]ﬁ@@(éﬁﬁﬂ@l&%é@@&ﬁé@&@i@l ctldn Drive signal
214 %@%@%H&@W&&G&HE?@@Q@&P%EQ?'&&%@F@&@P&R@i'ﬁ@éi‘i%ﬁ?.r e signal 214
followed by vertical conductor’bar 192. [0055] Referring back to Figure 2,

actuagasiHGURSNERTFLARMGIEBr OUUCAt HAREBABE 26 WiiCh Reitht g Ribidemal that can

resor%l?@&ﬁ)%é%’@%ﬁﬁ%ﬁ hed to or a component of running tool 224. Running
tool 224 is used to hold and run casing hanger 108 as well as hold, run and

set seals 110. Referring to Figure 10, running tool 224 has a running tool
[0054F Bl g 336 B8-S LORHIERD e iR ROHAIIRE 92 At PhaedLenductor that

trans&ASIEhh@rasictl@ (nient aindntReMengmbersantyde ThaIlBrefheigabiconductor
par 1357710,1901 224 has a conduetor ring 232 Conguetor 1ng 232 cONACtS | embodiment,
vertical conductor bar 192 is a hard, wear resistmmductive material. In an exemplary
embodiment, channel 218 on the side of tool sted ddntains vertical conductor bar 192.
Channel 218 may be lined by channel insulator 220¢h is a non-conductive material such as
plastic. In some embodiments, channel 218 isdfikgth resilient material 222. Resilient

material 222 could be a resilient material suchfassgexample, a sponge type material or an
elastomeric material, installed in channel 218rafteannel insulator 220, followed by vertical

conductor bar 192.

[0055] Referring back to Figure 2, casing hanger runnow 24 attaches to tool stem 114.
Running tool outer sleeve 226 may be attached toaymponent of running tool 224. Running
tool 224 is used to hold and run casing hanger d98vell as hold, run and set seals 110.
Referring to Figure 10, running tool 224 has a mgrool signal wire 230 to pass current from

tool stem vertical conductor bar 192 to casing leari®8 (Figure 2). In some embodiments, the
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conductor bar 192. The vertical length of vertical conductor bar 192 is
exposed along part of the length of tool stem 114. Conductor ring 232
remains in contact with vertical conductor bar 192 as running tool 224 moves
axially in relation to tool stem 114. Conductor ring 232 is able to remain in

ID of eR8tR vituMAtgabePrIUCHRIshatdAd RSdYPERY OShddétortatRp Z89ati¥ntacts vertical
about tool stem 114. [0_056J Conductor ring 232 may be located inside

condyeiy b 30t thasy et AT igpkduCior R etPo FuRKARF BSbRIoNg part of the

lengti$ieNedaYiste?3A.19Ig b MAlRATERPE 32 RargHIfabhesethetyerRMBs dBriidtor bar 192
OD of runninﬁgétool 224. The upper ,oo_rtion of bore 236, where conductor rin

as rupgng [9ahErA 10 A A Date e e AL SCARHLSIRTg 252 is able to

remaRPRXYoRtastGvieh Rurbesl [665dl fRefasbnd dorbithire) iboRepningtdesd sigipdl about tool
wire 230 passes through bore 236 from conductor ring 232 to casing hanger

stem dddhection point 238, located on shoulder 240 where running tool 224
engages upper face 242 on casing hanger 108. In an exemplary

[0056¢ntmdineot, riogn282tiony2B8 wrabeimsitkegP@duwh@ahe D springnioaded! 224, and

. lunager 244 wherein the spring cauysesdhe contact point.to protrude, from the

s e S L T A SR e R L B R Beween he

ID antD@00balCasmtpoaridr. 108enapfavpatahiiact 286) M@ thatqrdiraaesing 232 is
rom shoulder 2 casing.h r 108. Contact point 246 leads to one o

S e TS R i R
shoulder contact point 252 that contacts support surface 254 of landing

[0057 e fRiEings 6 Lﬁmblhé?@mmap@in@gmﬁd@mmaéﬁ&@mﬂmht bgre 236 from
condlﬁEﬁ%bﬁné’@%?Wéngégﬁfbe%g}ﬁége&dﬁﬂé&}fﬂgﬁﬁﬁ}JFPBBétJe%IZ &'ﬁ'gé’rq&ﬂbﬁr 240 where

_provides power to a component such as wave form generator 124, whic _
runnifgeiPplA4dcenangen anPseises edr«an rFNGHFHIYS cdAnziBxamelanigembodiment,

conndeti¥Rr % SN E A2 Ig14E BO) o ROBSHISHRE LA Rr BYUTUHERGN the spring

tool signal wire 230, o grounding wire 248. In a preferred émbodiment,

causeedReFOHRe RRIALEE IArYFydadivgrning BasHmsRRRIABH A RFRe MiRACINe running

tool afttca8m q%égg(jg.ce contact point 252. Thus when casing hanger 108
lands on Tanding shoulder 256, a predetermined current is passed through

roun_dingnwire 248 to landing shoulder 256. -13
[0058? Casing hanger 108 may have a contact point 246pitatudes from shoulder 242 of

casing hanger 108. Contact point 246 leads tooormmaore grounding wires 248, 250. Hanger
grounding wire 248 leads to a load shoulder comagtt 252 that contacts support surface 254
of landing shoulder 256. Like the other contadni®) load shoulder contact point 252 may be

on a spring loaded plunger.

[0059] Power supply 122 (Figure 4), provides power to anponent such as wave form
generator 124, which then provides power and sensgent drain through connector 126
(Figure 4), vertical conductor bar 192 (Figure ld&)nductor ring 232, and running tool signal
wire 230, to grounding wire 248. In a preferredbediment, resistor 258 is located in
grounding wire 248 between casing hanger contaéta2wl support surface contact point 252.
Thus when casing hanger 108 lands on landing sbo@66, a predetermined current is passed
through grounding wire 248 to landing shoulder 256.
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[0060] Some embodiments have seal grounding wire 250 that leads to seal
contact point 260 on the sealing surface of casing hanger 108. Seal contact
point 260 may be on a spring loaded plunger. Metal seal 110 may be
inserted between sealing surface 262 and casing hanger 108. When metal

[0060P &Y rhé it BERRPEN 8 3R{RIsRRM Hresaamh oIkl aEsuRM A8 2H06ER0 d8HIat?Doint 260 on

the seal 110 will contact seal contact point 260. When seal 110 contacts seal
the segfipesHEiRES Y, RPINiBRRIEpAHG0 r6ERETBCEIEAREaMAN BRt PRedeRRring loaded
plungen. Seabeaniagl RADtRGUB APl senashingiauefmdt 269 Ay @idmay hanger 108.
not have resistor 266. If resistor 266 is present, it may have a different

When duriahseal 448 thaaBsHsHRHEA RO RAFEPRIRLSE RIS #E At BlAL R4 the seal

110 WHIreshtRassedithyonaispaitonEet Poinic?oarmll berfitasesbtiato@ct point 260, it
amount of current pas?ed throu&%1| landing sub contact point 252. [0061

: ] .
Proviggsié R o RigIRENE 1o SIFGHERGYE ifRrReEbRANGH Peiscireuit 250. Seal
conta@q@t\)@ag_t enrdbr 2Bderiay erz%aaylgchamﬁé géﬁséﬁafefrlﬂ@_giémFiz@m?lpré%me may have

___.embodiments, conductor IS creat irst applying a coat of insulative
2 TSERRL SR SRk r L NS NBEG HOIE S4m LA EBHGt of current
passed i aghlisshpreninstsoivie PeinNivA’Be kifetharethbedioantsefatliefent passed through
insulziéor 276, which 2%?/ also be insulative paint, is located on the exterior of
- int27

Iandi%ﬁﬁ 898&?%0'85 4. [0062] Alternatively, referring to Figure 14,

conductor 268' may be a piece of conductive ribbon 278, or tape, with an
[0061jnRet=tivieddckingLz801l Rilam 271&=mayi\be eorimhtitivepnesistiveX68. is) Iscated on the

' I in i o]0 ut :
exter R s 6 S S W TR Bonctuctor 268 s
created inysiivet agapivon fpa anat loho solatasnpaiEh et ex{eneshRedsmindidager 108. Then
. to Figure 12 ive paint. 274 (Figt ugtive ribbo :
cemi SR oSS BN SRR 7S BR fyenc. e
insulaerciical whicknmpyistis biermsiaiivenpderigtatdd onding or@e8a neisemei-sonductive
grepter resistance than electrical current passing through a short length of

conductor 268. When an electrical current is applied to one end of conductor
268, and a point on conductor 268 is grounded, conductor 268 may serve as

(0062}, Afsnsttitehin SA8RINhio fEigssnts. Seshifie? ey bar PgssRinadvCtive ribbon
278, BrasliEani® BRUNSEMING PSEHISE B80T RiBRT 81 SYONEUBERRINe, resistive foil. In

some embodiments, a layer of insulative tape 28% bw® located on the outer surface of

paint

conductive ribbon 278. Insulative backing 280 nhaye an adhesive coating for attaching to

casing hanger 108.

[0063] Referring back to Figure 12, conductive paint 2Figre 13) and conductive ribbon 278

(Figure 14) may be semi-conductive or electricaélgistive materials. Thus electrical current
passing through a long length of conductor 268 entrs greater resistance than electrical
current passing through a short length of condu26&. When an electrical current is applied to
one end of conductor 268, and a point on condW®8ris grounded, conductor 268 may serve
as a type of strain gage. The resistance of caad®68 varies depending on the distance

between the electrical current and the groundingtpo
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-14 [0064] Still referring to Figure 12, in an exemplary embodiment,

conductor 268 is applied to the exterior of casing hanger 108, extending from

upper shoulder 284 along sealing surface 286 to landing surface 288. In

operation, spring loaded plunger 244 contacts conductor 268 at shoulder
[0064RSHiltheremaking Rig@lecticah canareHMhgtuieaddHn HbadoelsHawd Wittplied to the

230 and conductor 268. When casin‘gr hanger 108 lands on landing shoulder

exterigg Of Gasingi)anacs A0 sYsadine: 50, URIEIYHRLABE RN b sCR Nghatdace 286 to
landirseuldes 2588l andbe FAdepARE i6aeigre P4AUsoifaths tthcebr 268 at shoulder

conductor 268, between shoulder 284 and the grounding point at landin

9
284, WhirEeal9Rg A RRcHr 62 RRE AR PRIVEERING, 190k S Vah i Eaditiy and conductor

268. hameer d&Xirignsieedamdngnabasndendhfy KBSV ertatalylons IRBAEdignal wire
between casing hanger 108 and wellhead housing 104 (Fi urtz%%]%, seal 110
5 g shonisicese

230, EAHARLOBINGEE 2988 BHaAINg:Shad desARt g SrfQeRsed. Due to
the |e?ffthadf seming & 268, DEdvaes waitdst ITRIsRG dRsurTdiegpbine &rtmding surface

between conductor 26?_ and wellhead housing 104 has a resistance R2, ,
288, GRARGHEY FihBrDAS il RSt FEIR 00 105 108 Jands on landing
shoulgeyopsments, electricity flows to both landing shoulder 256 and seal 110,

and thus the current source, such as wave form generator 124 (Figure 4),

detec te of ¢ flow, [0 enerqizi i 4 se .
ooos e g R R REe e PR SRR R B 104 (Piaure
2), sdmfdid seaitht wasdation 266 armhtbodifeepststdtiogpesdl ddiiveansesrshaitor 268, at

sealirf} QIAEA9399 HANGANnZER AT 513863058 1, CATSER) A0 ARt 268 and

set, thus' causing resistance irrere an resistance
wellhegteheusioglif{hisas ettiresistah dd (R 2nayhishdif eyeait TeCisteswee tirondeststiance value

6 Howi ctrici lo toppi
. A SR G088 BRI, anc s
the cwitebé fonecehsancksistanaecRiptimegete naisiktRbecot R amagdiediigherrate of current
lower than the combined resistance of R2 and R1. [0067] Referring to Figure
15, in an exemplary embodiment having seal grounding wire 250 located
within casing hanger 108, the circuit path from a component within ring

[0066hYVBRIY @1 A610ARM SRS geRRlrdibP 1582l EPRMbIERITHe GRiHl#For 268 with
greatEHFGREARNPO¥EFsS YRR 1H4Pwas set. Iresambodiments, setting seal 110 causes seal

110 to engage conductor 268 with more surface eremntact than prior to being set, thus

flow.

causing resistance R3 to be different than regist&®2. In other embodiments, setting seal 110
may cause seal 110 to sever conductor 268, thoxiath electricity to flow through seal 110 to

ground, but stopping the flow of electricity thréunding surface 288. Thus, while resistance
R3 will be lower than resistance R1, the totalstsice of R3 may be higher or lower than the

combined resistance of R2 and R1.

[0067] Referring to Figure 15, in an exemplary embodimeaning seal grounding wire 250
located within casing hanger 108, the circuit patm a component within ring housing 112,
such as wave form generator 124, is as followse 3énsor current from power supply 122
passes through connector 126 to connectors 198 theerd along vertical conductor bar 192

(which runs along channel 218 of running tool steld). Conductor ring 232, in contact with

-15-



passes through connector 126 to connectors 198, and then along vertical
conductor bar 192 (which runs along channel 218 of running tool stem 114).
Conductor ring 232, in contact with -15 vertical conductor bar 192, passes
the electricity to running tool signal wire 230, which runs to spring loaded

verticBIUOEIed Z4dr GQﬂ'192“%§§§50ﬂ1@@@&r@ﬁﬁjmﬂhgﬁé&@@%imwm@oﬁﬁ@h runs to
point 246 when running tool 114 js in contact with casing hanger 108.

P“”%@&ﬂ%ﬁy%%%é it CoPRAATIOM:SHE ! hF@ﬁ@f‘ﬂa §rEuRRRRGGiAD 24h contact
point mrﬁmémmn@wtﬁmglm EEata@tomwr@ma@@rerwg@é@nmng passes from

oulder 256 when casing hanger 108 lands in landing shoulder 2

CONaEFeEﬂ'?&Ft@‘b@sé‘%@H%% hangiely SIRMNEKIBE &) %‘F‘Qu‘?ﬁf'%%u%@%&ﬂg@?ﬂ‘@ﬁ@o' Nt 252.

Cont&iﬁ%@muﬁgzde@@ﬁgék|aﬂﬁd1@g5@%@dﬂe25@56humqugé¢umgqands in landing
runnln%tool 224 and runnln% tool stem 114, back to ring housmg 112 an

shoulgst, el fRFIIMPRSREIPT AV ﬁuﬁ‘a\%% QLIS 15 ﬁ?&ﬂwﬂf&ger 108 is also
groumdt%ﬁ&mwghwmﬁk% wnaﬁﬁ&@«jmirwwnqueozﬁ@m and running

which passes electrlcnﬁto resistor 264 and to seal contact point 260. Sea

tool steMdckhatRCS68 WAHRES 1 LI RANERY b rrpasy BRIFGH) 901-9 §ir§§t in place,

electﬁlﬂt}gﬁbﬂrﬂ&ﬁ@dﬂ@@rﬂh@d@bm mmrgmgﬁmmr@mqamlmﬁdmwwe 250,
and back throu h runnln tooI 4 and runnln tool stem 114 to housm i
%]4 é %]ﬁ point 260

which; passas o W%IF SBAR ¥ St[‘i’fo R IS tﬁ@upé"‘f
contabwlﬁgaﬁamabmwwmtﬂéa m@@%tm@asmboﬂaﬁwfm f|0&(\§ tlescribed above,

e T RG] o e R 240 SO NS R oo

stem udaeeri?BBhowbing ¢contaeis pawegstwmyszS when casing hanger 108
lands on Ianding shoulder 256. When seal 110 first contacts sealing surface

c Io m seali f
cossf BRI A S SATAGAREMAL gy SHHIRH3E8 on casing
hangmlm%cglmwwl ﬂewst@cemcﬂﬂmmpam%@mg&#lbanﬁ tmﬁigo’r@cnm 46 in the same
tj r r r
manr SIS\ ARIRE R 0 RIS A SR 8 suriace 200
which Eignii@cty easingzeangeirt(B mlaeoomprr@bdtm‘raodﬂ andafmingeshpuldelr 256. When
gy |
seal E e et 19 e I R0 R oo, throur

sealir\gaﬁudg@enB@’emtgnaeaia;macajdgammefMen seal 110 is set, the same path is
followed, but with resistance R3.

[0069] Referring to back to Figure 11, in operation, as ¢iperator lowers casing hanger 108
through the riser (not shown) downward toward lagdhoulder 256, wave form generator 124
(Figure 4) energizes a circuit that comprises cotarel126 (Figure 4), tool stem vertical
conductor bar 192 (Figure 2), running tool signakew230, casing hanger load shoulder contact
point 252, and seal contact point 260. Various ahithents may include more or fewer
components. Electrical current is not able to ghssugh this circuit because it has no path to
ground. When casing hanger 108 lands on landingldar 256, load shoulder contact point 252
lands on load shoulder 254 of landing shoulder 2%fon contact, current is able to pass
through load shoulder contact point 252 to landshgulder 256, thus completing the circuit.
Resistor 258 in the circuit limits the current drai
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components. Electrical current is not able to pass through this circuit because
it has no path to ground. When casing hanger 108 lands on landing shoulder
256, load shoulder contact point 252 lands on load shoulder 254 of landing
shoulder 256. Upon contact, current is able to pass through load shoulder

[0070FaTHAGE e 2itedaBdEg sHQuider 13pe, Jeirraswiaitig tRicirayiire 4), detects the

Resistor 258 in the circuit limits the current drain, -16 [0070] The current

curregh fENs @l a G a eI g%fné*r"éto?lé%ﬁfﬁoﬁéﬂwﬁ"(ﬁ@%r&‘d,‘)red‘été@fé' fhdnatches a

predeteffaitedr yia @ e dheiamaunitel the currenbeiato teN e @SRy HEriger 108 (Figure
matches a predetermined value consistent with the current drain associated

2) 'a'iﬂiﬂgcé)éinbiﬂ%iiﬁ‘@e?'i‘% Pelgard AFI9HENGonVAREThPERELAKRY 256 (Fgiiee 4) begins

genertimpassiRraoraeteditiddRigyal4) begins generating a square wave
electrical signal. [0071] Referring to Figure 4, amplifier 128 amplifies the

007 PRSI BRI AP s Sreried BleSonan IS0 ouput s

ransmitt egin Rarmer 1
direcfmhte frequency amﬂmrsqeaselmVeTsrgnEafuMOebﬁagm genergtbamealte% into rigid

I ncy thro redetermined range in r to enerate at lea
surface 1$§g'tjﬁ1 %?ha?% gn%/ as the s ua %eA@E)BI edrlY ring 985?0851 &24 alters the

oné frequency isa resonate
frequendmlero'[igﬂhfaeprmfmymﬁwadermrge gemc@emamma}emnpnﬁ)fremm that is able

to resonrgtgb% ‘%@é“wé %(&%Ir 89'% @%Egly Ji'%gof ﬁé OéﬁErfrgf Qvenf]an I,generator

pass equency reachées surface transcelve
124 rag, rmeppfcase)dmipleofrcéfﬁ’lappr@b(ﬂuﬁmjg taddpdiverppoéxmagtéde kL 86EbHz or more,

and ( TEAERU AR R SR RISl PG MR R BRIl A ver 106, he

gen n S|gnal aving a sim requency, caus
phasaudakdoemdCBivET) 106 $mmaittwmmmdm¢krmmg ﬁi@qfremmebaxzk and then

surfa %“ﬁ (‘%’i%'| }r%]\%\,}g’%%% ?tﬁﬂﬂgélii [9(9 8% ﬁ?iprl}{a]t%%"g@ﬁal having a

e confirmation si en communicate a remaining
similanfrepuimeiat theusinge sfurefquen¢5aasahe/ebrimﬁianutfe3'|gm30 [M?Qe}nd a confirming

1 o i
reau g B T b, S e e W AT S B my tock
on totHegropedinvediion sigftxandethie becarwnurasiigramayeingothtoithitintingt the same
frequéneylgg ﬁé%o}l‘\fﬂ%ﬁgﬁ?@é%"lﬁ properly located to form a seal, the seal will

contact seal contact poin which creates a path to ground for the current

[0072] Referring to Figure 11, after landing casing harif@, the operator may drive seal 110

into place by lowering energizing ring 264 to pssal 110 to the proper location to form a seal
between casing hanger 108 and landing shoulder @ten seal 110 is properly located to form

a seal, the seal will contact seal contact poi 2hich creates a path to ground for the current
originating from signal ring 100. Seal contactmid60 circuit does not have a resistor, or has
resistor 266 that is different from resistor 258dted on load shoulder contact point grounding
wire 248.

[0073] Referring to Figure 4, the current source assotiatéh signal ring 100 detects the
amount of the current drain, which causes wave fgemerator 124 to generate a square wave
signal. The wave form generated in response tingeseal 110 (Figure 2) may be different than

the wave form generated in response to landinghgasanger 108 (Figure 2). As described
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originating from signal ring 100. Seal contact point 260 circuit does not have
a resistor, or has resistor 266 that is different from resistor 258 located on
load shoulder contact point grounding wire 248. [0073] Referring to Figure 4,
the current source associated with signal ring 100 detects the amount of the

abovEURN @it WRisECcalire WavedofrarasnRiaiotd Afaiosaan iR QRS ©r range of

wave signal. The wave form generated in response to seating seal 110
freq“ﬁﬂiﬂﬁrsetﬁ?hﬁ‘&?ryb@aﬂf@r@n?@%”ﬂﬁ%% G&R%m generated in response to

landing casing hanger 108 (Figure 2). As described -17 above, the square
[0074v8iraikdyal idrivhe titemattiers BﬁUmeaamanirﬂ@qummV @adngheofcurrent source

cso TR S A AP ) LR e s

Whera$lsecaaatmﬂ1mlthfsngma§nrtng mgietentsme aaﬂmt/afmmnt\ﬂameng)fmrgelmerator 124
l{rrent sourfce hen tl}e@mf)un of urrent ansj tent with r stance . .

genergles or naI o Ar SaUerN 6e current |tstent with
altie RT, wave ot generator gene s N e Signal
resistﬁeqeemiyae\/\R@nWm/euimermt @mnesad:onénﬁtérgﬂuﬁnamstamewghm 822 at a second
frequiave folz_rnlaﬁner %rnl%ﬁ enera 9\/3 waye fo&: &1 nal 2:LS a%t a seclond

QU ency Xaﬁ” when current ew IS consis With T reS|stance va?u
genemaye]fﬁmgejwammwmgenersigﬂai/zﬁ/rithmwgqalemy atWakiediorm signal 212 is
ampn?SSLbe”% 5@%?1?%5“%‘%?8‘5??1%#% @H‘IP” § ]g §n%%1“tt8?‘“fso at the same

drive’d] ich-drives ransm at e same requency
frequwmgea‘ewvas@mmMgmmItmm gmamhamammuﬁmm] While the |nvent|on
has been shown or described in only some of its forms, it should be apparent

[0075}Wﬂ%etﬁ5"iﬁ9éﬁtf5‘ﬁ ﬁéfs”b%téﬁ'§H}9X/ﬁcb|‘rHE@@ruBHﬁnﬁysé’éﬁ%OBP'i?st‘PoYﬁ%Olﬂsshould be

changes without departing from the scope of the invention. For example, t

appaséenthear] Hellesh folial apythrbvidmgmlimiamb st lsnelisgentitiero Various changes
wﬁhoﬁﬂH@ﬁ%%ngB%%@ 4bing benaerRRA SRR ERanARE, ?ﬁé'sy%%ewrlfgdﬁj be employed

claimed is: 1. A nesting indicator for determining when a wellhead member

by proyjsinsdticaienqiitasdpie i ainen Ssy iPNbesUBBes\Aciuiiag hestapriaig tubing hanger

seal.

513?3’\Nave form

-18-



a sound generating device adapted to be carried by the conduit, wherein the
sound generating device emits an audible indication at the well member
when the well member properly lands in the subsea wellhead. 2. The nesting
indicator of claim 1, wherein the sound generating device comprises an
Whate¥RIRsiMeEharge and wherein the explosive charge is detonated when the
wellhead member properly lands in the subsea wellhead. 3. The nesting

1. indiesssrigy ¢raiatomitareistdhensmugduene et Hedwaicempigaedron a conduit is
electronic noise emitter, and wherein a first noise is emitted when the
Prope] G BB AR ) A FPTHE SBCbn: wollnondl 4. The nosting
indicator of claim 3. further comprising a seal, carried by the wellhead .
= o SR Be RS e TR Vo E AT ERE L AR R GER, A penerating
deviceeamggparpadyidedenginatiod. diht@estihgnedivatn dielaiel 3nevhbezipiyeerly lands in
ectroniqlﬂgiasg emitter emits a second noise when a second wellhead

I
the Sl?nbg%%evzvreproperly lands in the subsea wellhead. 6. The nesting indicator of

i e > oy - .
2 SR R BT B A SR SRR R YR (o o
explostrapiixage gt whamindhehexpnggediagudeinrdtashavimeeniberwellnead member

properfrhﬂéﬁﬁgl%%ﬁ%@%gg@%ﬁg&%ﬁg@ to emit the audible indication. 7. A

or landing aw member in a subsea wellhead comprising: (a)

3. lopgting e ywellbraddmemerian 2 oRdHINRENSoRREANRINRAAIQ Romprises an

predetermined surface; (b) emitting an audible indication at thé subsea
electr@aitheaigevasltiele ardihead member lands on the predetermined surface;

and -19 (c) detecting the audible indication at the surface platform. 8. The
whergietRofi'st dISE7 ISvRENBIRG1ES) dBfnYREEHERISTiNg aRBHY aflanin the subsea
wellh&lggtronic tone generator.

4. The nesting indicator of claim 3, further comprgsia seal carried by the wellhead
member, wherein the electronic noise emitter emitsecond noise when the seal is properly

energized.

5. The nesting indicator of claim 3, wherein the eletic noise emitter emits a second
noise when a second wellhead member properly lanide subsea wellhead.

6. The nesting indicator of claim 1, further comprgsia first grounding contact adapted to

protrude from a support surface of the wellhead; an

wherein the first grounding contact completes d patground when engaged by the wellhead

member to cause the sound generating device taleeng#udible indication.
7. A method for landing a wellhead member in a subgsihead comprising:

(a) lowering the wellhead member on a conduit ith® subsea wellhead to a predetermined

surface;

(b) emitting an audible indication at the subsedivead when the wellhead member lands on
the predetermined surface; and
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9. The method of claim 7, wherein step (b) further comprises acoustically
transmitting the tone from the subsea wellhead to the surface. 10. The
method of claim 7, wherein step (b) comprises detonating an explosive. 11.
The method of claim 7, further comprising: generating a second audible

(c) détdigpitphatdbeiiehaarRihasthehepraesand wellhead member lands on
a second predetermined surface; and detecting the second audible

8. intieatinetadthefstidimeer phatierain lstep e meinpd ehigitingla wihesewitthan electronic
audible indication comprises a frequency shift key having a first frequency,

tone Rk Fein the second audible indication comprises a frequency shift key
haying a second frequepcy.,13. The me of claim 8 wherein the electronic.. ..
% oA s Wkt S o BrOi G RETR S iting the
tone fralicéter adepasvelthe actih¢ae sueister adapted to be lowered from a
surface platform, on a conduit, into a subsea wellhead; a wave form
10. gdineratethzthpfetaongéneteteenstae fioy cowhsisssalelhaacxpotes.is
seated on a surface inside the wellhead; and a frequency tone transmitter
11. thBhanedmsheé eiecéivinghae eoaerising; generatasacond frdipia/éndigation at the

subs%cwv%!]m@a%f) i &%Mf%‘eqlI’?@%H)Oﬁ%njrgemggiﬂdrg@a&é.%ﬂ@%urface; and

erein the wellhead member comprises a casing hanger. 16

detechRBM BEICHA RIHAE It AVoP! BV tHasalqliRgRMember comprises a

casing hanger seal. 17. The nesting indicator of claim 14, further comprising

12. aﬂlﬁ@“ﬁ@ﬂﬁ)éiﬁﬂuﬂa\nﬁqﬂMﬁé@@iﬁ%‘é?HUGFHI@W%MW%B%W@%@H@ shift key
circuit when the wellhead member is seated on -20 the surface inside the

having &1 el GRESNARYr ARAHENRERD fBIenSEERBILES! Bilicatinss GRERHRRSErfREAUeNcy shift

key hERARGSSLETNE RiRfildgRlcurrent. 18. The nesting indicator of claim 14,
wherein the frequency tone transmitter comprises a

13. The method of claim 8 wherein the electronic tonenegator comprises a

magnetorestrictive material.
14. A nesting indicator comprising:

a wellhead member adapted to be lowered from asaiblatform, on a conduit, into a subsea

wellhead;

a wave form generator adapted to generate a wanevithen the wellhead member is seated on
a surface inside the wellhead; and

a frequency tone transmitter that, in responsesteiving the wave form, generates a tone for

traveling along the conduit to the surface platform

15. The nesting indicator of claim 14, wherein the Wwedd member comprises a casing
hanger.

16. The nesting indicator of claim 14, wherein the Wwedd member comprises a casing

hanger seal.

17. The nesting indicator of claim 14, further comprgia grounding circuit, wherein
electrical current passes through the groundinguttivhen the wellhead member is seated on
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magnetorestrictive material. 19. The nesting indicator of claim 14, wherein
the wave form generator generates a wave form at a predetermined
frequency, and wherein the tone generated by the frequency tone transmitter
has the same frequency as the wave form. 20. The nesting indicator of claim

the sddader ih@fd@fﬁéﬁi@éﬂﬁé’a@l@%ﬁf&ﬂv\#ﬁ#@ifpfﬁwﬁiﬁﬁ%}@he&dﬁmgdﬁ@rﬁ@é@m@ﬁave form in
second wave form when a second wellhead member is seated on a second

respogfgetiifsrletHicalamiEst: -21
18. The nesting indicator of claim 14, wherein the freqcy tone transmitter comprises a

magnetorestrictive material.

19. The nesting indicator of claim 14, wherein the wdwen generator generates a wave
form at a predetermined frequency, and whereinttme generated by the frequency tone

transmitter has the same frequency as the wave form

20. The nesting indicator of claim 14, further comprisia second wave form generator
adapted to generate a second wave form when adeadthead member is seated on a second

surface inside the wellhead.
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