CASI NG HANGER NESTI NG | NDI CATOR BACKGROUND OF THE I NVENTION 1. Field of the
I nvention 100011 The present invention relates in general to a nethod and
apparatus to signal the proper |anding of a wellbore tool on a surface, and
in particular to pyrotechnic and frequency tone signals to indicate the
proper |anding of a casing hanger or seal ring. 2. Brief Description of

Rel ated Art [00021 When oil production casing is run down hol e on casing
hangers and | anded on the high pressure well head housing, either on the

| oner | oad shoul der or nested above on the shoul der of a previously |anded
casi ng hanger, the hanger nust be fully down on the | oad bearing shoul der
for the seal to be at tKéQSiN@pHANQFéV%IéSEH‘@éNBﬁEéEQ& he sealing and

| ocki ng wi cker grooves. It is useful for the crew running the casing to
know i f the hangers are | anded on the shoulders or if the casing is stuck
in the well bore, |anded but out of position on the |anding sub, or properly
| anded on the | andi ng sub.BSUKNREYNOFOR HEE| INVERFIION

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 proper landing of a casing hanger or seal ring.

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 hanger, the hanger must be fully down on 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 the hangers are landed on the shoulders or if the

casing is stuck in the wellbore, landed but out of position on the landing sub, or properly landed

on the landing sub.

SUMMARY OF THE INVENTION

[0003] Various embodiments of this invention provide a way to produce a signal when the
casing hanger is properly landed. In an exemplary embodiment, the signal is an audible signal
that is generated upon successful landing. The signal may be generated in a variety of ways,
including, for example, the report of a pyrotechnic discharge or a frequency tone that resonates

along the drill string. Either signal may travel up the wellbore and be heard by the crew that is

running the casing.



[ 00031 Various enbodi ments of this invention provide a way to produce a
signal when the casing hanger is properly landed. In an exenplary

enbodi ment, the signal is an audible signal that is generated upon
successful landing. The signal may be generated in a variety of ways,

i ncluding, for exanple, the report of a pyrotechnic discharge or a
frequency tone that resonates along the drill string. Either signal may
travel up the wellbore and be heard by the crew that is running the casing.
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[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 embodiment of a frequency tone

nesting indicator.

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

Figure 2.

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

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

Figure 2.

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

tone nesting indicator of Figure 2.

[0011] Figure 7 is a sectional view of the surface transceiver of the frequency tone nesting

indicator of Figure 2.

[0012] Figure 8 is a diagrammatic view of the electrical components of an exemplary

embodiment of the frequency tone nesting indicator of Figure 2.

[0013] Figure 9 is a cross sectional view, taken along the 9-9 line, of the conductor channel in

the stem and the conductor ring in the casing hanger running tool of Figure 2.
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[0008] Figure 4 is a top view of the signal ring of the frequency tone
nesting indicator of Figure 2. 100091 Figure 5is a top view of the surface
transcei ver of the frequency tone nesting indicator of Figure 2. 100101
Figure 6 is a top view of the unlatched position of the surface transceiver
of the frequency tone nesting indicator of Figure 2. [0011] Figure 7 is a
sectional view of the surface transceiver of the frequency tone nesting

i ndicator of Figure 2. [0012] Figure 8 is a diagranunatic view of the

el ectrical conponents of an exenplary enbodi nent of the frequency tone
nesting indicator of Figure 2. [0013] Figure 9 is a cross sectional view,
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[0015] Figure 11 is a sectional view showing the conductors and electrical contact points in the

casing hanger and the lower portion of the casing hanger running tool of Figure 2.

[0016] Figure 12 is a sectional view showing an alternative embodiment of the casing hanger

and lower portion of the casing hanger running tool of Figure 2.

[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.

[0019] Figure 15 is a schematic view of a signal path of an embodiment of the frequency tone

generator of Figure 2.

[0020] Figure 16 is a schematic view of a signal path of an alternative embodiment of the

frequency tone generator of Figure 2.



[0014] Figure 10 is a sectional view of the ring contactor in the casing
hanger running tool and the conductor channel in the stem connector of on
the frequency tone nesting indicator of Figure 2. [0015] Figure 11 is a
sectional view showi ng the conductors and el ectrical contact points in the
casi ng hanger and the | ower portion of the casing hanger running tool of
Figure 2. [0016] Figure 12 is a sectional view show ng an alternative
enbodi ment of the casing hanger and | ower portion of the casing hanger
running tool of Figure 2. [0017] Figure 13 is a cross sectional view of an
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of the frequehcy tone generator o
illustrated embodiments set forth herein. Rather, these embodiments are provided so that this

disclosure will be thorough and complete, and will fully convey the scope of the invention to
those skilled in the art. Like numbers refer to like elements throughout, and the prime notation, if

used, indicates similar elements in alternative embodiments.

[0022] Referring to Figure 1, wellhead housing 10 has a landing support structure (not shown)
that supports outer casing hanger 14. Wellhead housing 10 is located on a sea floor and
connected to a drilling vessel by a riser (not shown). Outer casing hanger 14 has a tapered
shoulder with support surface 16. An inner casing hanger 20 is lowered through the wellbore
until it lands on outer casing hanger 14. Load bearing shoulder 22 of inner casing hanger 20

lands on the support surface 16.

[0023] Casing hanger 20 supports inner casing string 21 in the wellbore. The lower portion of
casing hanger 20 is tapered to fit inside lower casing hanger 14. The load bearing shoulder 22 is
a conical shoulder that slopes inward such 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 generally smooth surface or may have a grooved

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
cylindrical shape and may extend along an axis parallel to the axis of the casing hanger 20, but
any shape and any orientation may be used. The lower end of each charge bore 28 is open and

the upper end closed.

[0025] The upper portion of charge bore 28 contains a charge 30. The charge may be any
explosive material that detonates by impact or pressure. In an exemplary embodiment, charge 30

is made of potassium chlorate, sulfur, and sand, all bound together with a starch binder.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT [0021] The present
invention wll now be described nore fully hereinafter with reference to

t he acconpanyi ng drawi ngs which illustrate enbodi ments of the invention.
This invention may, however, be enbodied in many different fornms and shoul d
not be construed as limted to the illustrated enbodi nents set forth
herein. Rather, these enbodi nents are provided so that this disclosure wll
be thorough and conplete, and will fully convey the scope of the invention
to those skilled in the art. Like nunbers refer to like elenents

t hroughout, and the prinme notation, if used, indicates simlar elenents in
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beari ng shoulder 22 of inner casing hanger 20 | ands on the support surface
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hanger or ns sealing surtace 24. The sealing surface may have a
general |y snoot h surface or may have a grooved surface, [0024] In an
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ext end alémﬂgx@@uﬁﬁéQwe@mldoﬁhnﬁlqn&m@oaého'iudefzé he casing hanger 20, but any
shape and any orientation may be used. The | oner end of each charge bore 28

is open and the upper end cl osed. 025]  The quer rtion of har e, bore
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made of potassium chlorate, sulfur, and sand, all bound together with a

st arch bfigpgheef detent key-way 42 is less than the depth of detent notch 36.
[0030] Detent 40 fits in detent notch 36 to prevent plunger 32 from falling out while casing
hanger 20 is being lowered through the wellbore. When the casing hanger reaches the landing
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 detent key-way 42, thus maintaining the axial alignment of the plunger 32.

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

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

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

strikes the support surface 16. This drives the plunger 32 up relative to casing hanger 20, and
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[0026] In bore 28, bel ow charge 30, sits plunger 32. Plunger 32 has a
generally cylindrical shape and can be made froma variety of materials,
including steel. Inits travel position, plunger 32 protrudes bel ow t he

| oad bearing shoul der 22. It could protrude by 3/8", but it could al so
protrude by nore or |less. [0027] Plunger 32 has a seal groove 34 around its
circunference. Seal groove 34 can be at any point above the detent notch 36
on the axis of the plunger 32. Some enbodi ments may not have detent notch
36, and thus the seal groove can be at any poi nt al ong the axis of plunger
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[0034] Referring to Figures 3 and 4, signal generator-transmitter ring assembly 100 comprises
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 generally annular shape, with an outer diameter ("OD") that is several inches
larger than the inner diameter ("ID"). The ID is slightly larger than the OD of running tool stem
114 (Figure 2). The area between ring housing 112 OD and ID may be generally solid, with the
exception of one or more cavities 118 that contain signal components. In an exemplary
embodiment, several cavities 118 are distributed axially around cylindrical ring housing 112.
The cavities may 118 be joined by circumferential wire channel 120 (Figure 4) that could be
used to house wires connecting components located in each of the cavities 118. Each cavity 118

may contain a single type of component, or multiple components may be located in a cavity 118.

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

122 could be, for example, batteries. In an exemplary embodiment, the power supply 122 is a set
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[0032] In operation, when casing hanger 20 reaches | ower casing hanger 14,
the plunger 32 strikes the support surface 16. This drives the plunger 32
up relative to casing hanger 20, and thus the plunger strikes and
conpresses explosive charge 30. The inpact of plunger 32 causes expl osive
charge 30 to explode. The expanding gas fromthe explosion exits charge
bore 28 through discharge port 46, pushing plug 48 out of discharge port 46
in the process. The noi se generated by the explosion travels out of the

now open di scharge port 46 and may travel up the wellbore. The crew on the
rig above the well bore may be able to hear the report of the explosive
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[0038] One or more cavities 118 on the signal ring may contain transmitter 130. Transmitter 130
generates tones, some of which may be able to reach the surface. The tones may reach the
surface by, for example, resonating along the drill string 102 and reaching the surface as an
audible tone such as an FSK or a vibration through liquid in the well. In an exemplary
embodiment, an electrical signal from amplifier 128 energizes coil 132, which could be, for
example a copper coil wound to form a cylinder. The energized coil 132 creates a magnetic
field. Some embodiments may have two, three, or four transmitters 130, but a single transmitter

130 or more than four transmitters 130 may be used.

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

diameter of coil 132. Magnetorestrictive material 134 could have, for example, a cylindrical
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122 could be, for exanple, batteries. In an exenplary enbodi nent, the power
supply 122 is a set of ten 9-volt batteries arranged in two groups of
five. Each set of five batteries is connected in series to produce 45
volts. The two sets of five nmay be connected in parallel to produce a

hi gher current of electricity, such as, for exanple, 490 tnAH each to give
a conbi ned electric charge of 980 mAH. Ot her types of batteries or power
supplies may be used, which could provide higher or |ower electric charges.
[ 0036] One or nore of the cavities 118 nay contain a mave f orm gener at or
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resonate up the drill string. Some embodiments may have a maximum frequency of

approximately 1700 kHz.

[0041] In some embodiments, receiver 142 (Figure 4), which may be located in one of the
cavities 118, is able to detect tonal vibrations in the drill string 102. When a frequency tone from
transmitter 130 reaches the surface, surface transceiver 106 (which will be described more fully
in the text accompanying Figures 5-7) may generate a confirmation signal, wherein the
confirmation signal travels along the drill string from the surface to signal ring 100. Receiver
142 may use the confirmation tone to confirm that the tone from transmitter 130 reached the
surface. Alternatively, receiver 142 may analyze a tone from the surface and then generate a
signal to wave form generator 124 so that wave form generator 124 can create a comparable
frequency to transmit through the transmitter 130. Surface transmitter may transmit a range of
frequencies until receiver 142 detects a frequency. In some embodiments, surface trahsmitter
begins transmitting at 500 Hz and transmits up to 1800 Hz or more. Receiver 142 may be

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



response to a magnetic field. Magnetostrictive material 134 may be | ocated
within the inner dianmeter of coil 132. Magnetorestrictive material 134
coul d have, for exanple, a cylindrical shape. The nagnetic field generated
by coil 132 causes the magnetorestrictive material 134 to expand, which
drives hammer cap 136 (Figure 3) against an adjacent surface 138 (Figure
3). The hammer cap 136 (Figure 3) nmay be nmade of a netal that retains its
shape when subjected to repeated stress, such as, for exanple, berrylium
copper. The magnetic field is cycled on and off at a given frequency by
wave form generator 124, causing magnetorestrictive material 134 to drive
hammer clgate@@ithtotler companspis rveifhiy signa qineeysing H0aer axsrhs! lasajedembsatrent
copper cjk3g2 generates the magnetic field, which causes

magnet orestrictor 134 to drive cap 136 agai nst adjacent surface 138. [0040]

The frequency generated by wave formgenerator 124, and thus transmtted by
transni t {00A21GOty Al oneayiics Hrbatcprigin epEpEsnia mey befaadsd by variewy of Painsy

through Rbegbid IFigtd & r}gatE hap 0188k sEQRRAURRE ERSies THE QREIMBI 1180881d be
freq uenc¥n however, is subject to change dependi ng on the components of the

drill eflgviteiepetoa e ant wher resans qoplsichs useshel Pstess BA Sentestts ofthesaviairemiti s (i .
wat er or gﬂ'ﬁ%re%ﬁ\mbg.ﬁ)eﬁth?n G ddebnpBiy érﬂlg)dmlléﬁt %c% 1&@99@'%1@ cley g1 §rqrem
gener at or I S ener at € a vari et requenC| es within a range
of frequeaviiced!8 mdwirsi cd:nannek EyEigvte Pr Seplion ela@sl 46 ¢ ngowith ppinnenaadprier 500
Hz to 1800z, mhule HhONSS mE ‘ixﬁﬁ}’ﬁi&(‘duﬁ‘e? dRHER, Sigih) A nbQdi1@r 20kHz may be
used. Hi gher frequencies may result I1n nore interpretation errors, however,

as signals resonate up the drill string. Sone enbodlnentshg? have a
maxi mm Eﬁpé%]deﬁ@yef@fedagﬁpféiﬁﬁewﬁl@va}n&&wswai12 feomaiegs UPReTSHHRAE MfodigtEmt s,

recei ver 3)1gh2ioFin0th Ghdt JdoedVhidt Ch el padd Q:ahﬁé‘salf 18daddwRie @yRhdet Nag (ﬁﬁdr’ 'c&ﬂtzﬁﬁs 118,
is able to detect tonal vibrations in e drill string 102.

f r equencspvitishé 1§ r pier eelingps 146epay mye rS%aélé& suface d5G uWF‘?fc‘é’hn%"tﬁ rlf%c‘?@y Bave
transcei y&finol Qe EaMyC hSé’Mhllé seaclE 35y, 1182 half0hGe h Whitikall d}wBQFiorI &Xtshown in

acconpanying Figures 5-7) may generate a confirmation SI?E wherein the
conf i r makigem iy mavalrses gneidy thieezanal (orieriationighergin pot BIriagRsfage dot o

si gnal é@gl 08 uiRecs! Y%del infiBY145 eséahﬁ‘g ﬁ%flua BhbAks o€ 150 1L QHghdd M t hat
the tone fromtransmtter 130 reached t surf ace. ternatively, recelver
142 may wakngspeaces { gheés3 %mahengtmsmeé1énipatsﬁéﬁngéﬁérwrée%£@9&? 130 wave
form gengyy t bat t rabl e
Fr equenc B e { N B BT B R e ey
t ransmi t foamy arggeerdiy Waterqugmcsp@s Jorani ¢xemplpi embodiment. desnuedrscaps 3% papicy. | n
some enb I | g at 500 Hz and
transm tés?lgfﬁ‘%e{&%%ﬁ@g% tﬁgf}&mh{rr%{rlgm g é?i\%ge%‘t?%zéérhraéeéb@gﬁéggﬂt ai ned | n t he sane

cavity and el ectroni cs package as wave form generator 124 Fy
[0044] Referring to Figures 2 and 3, signal ring 100 is attached to running tool 114 (Figure 2). A

variety of attachment devices may be used. Signal ring 100 could be, for example, clamped, or
bolted, or otherwise attached to running tool 114. In some embodiments, the components of
signal ring 100 are an integral part of running tool 114. In an embodiment using a clamp, clamp
ring 160 (Figure 3) comprises two halves of a ring. The halves are joined by horizontal bolts
162. When the bolts pull the halves together, clamp wickers 164, or teeth, clamp around tool
stem 114 (Figure 2). Vertical bolts 166 (Figure 3) press against top of sealing ring plate 144,
forcing plate 144 into a position wherein surface 138 contacts hammer caps 136. Nuts 168 may
be used to lock bolts 166 in place in place against plate 144 so that bolts 166 will not vibrate
loose. In a preferred embodiment, clamp ring 160 and clamp ring bolts 166 are used to attach

sealing ring 144 to the top of signal ring housing 112.



| ocated with other conponents within signal ring housing 100, or may be
|ocated in its own cavity 118. [0042] Cavity 118 or cavities 118 that
contai n conponents may be sealed by a variety of neans. Referring to Figure
3, plate 144 could be secured over cavities 118, or cavities 118 could be
filled wth epoxy, or any other nmeans could be used to protect the contents
of the cavity fromthe well-bore environnent. In an exenplary enbodi nent, a
single sealing plate 144 closes all of the cavities 118 and w re channel
120 (Figure 4). Sealing plate 144 is a ring with an inner and outer

di anet er arne sim.l t he i nner (0] | ter, 0 L.gnaj 4ri ng
housi ng Iﬁ@tmf (I?)‘ﬁg]enflnﬁg °t53%ef 3} raIIaIcPfg ngiggngrId Pfeaﬁéto?ges%na t§iI%egIoﬁghtg]|9nIgl4112
conpri seFigupddr Asyshowolér Figd6 3( Fiedowe e8)l 1Adwian e amacBid iynddmmbobeltsnot angxt end
past cavities 11 and wide cylijnder .148.th cont ai ities;11 Upper
By | naero i aeARy Thab ey sotelPriistyl Gp gt IRl Biaftthy Ear it

seal i ng isarihgeeatddibouShahiingf teatoblastans TEAD of5R 1 Aimanbave vackessrit7# oateeth
orientation, as s i,n_ Fi.qu 3. 0r e havie eneral | y. i zont al
or i ent at'P SAZARASFE; \III;(gII‘II“ps Ia@e’géyal?ee%nta&beﬁ t%&ér?ﬁ sige ogI?g"t%%r P ‘6er% wde
cyl i nderapp¥Greshigalkd hg lqweap@oiledidipe caping Sipd 73 edlghted adaitso toehgaga 14 ehdwarg

surfaces 150, .1 on signal .ri hQusi. 112. Seals 154 may sit..in_i,nner
seal grcoVE® 1%?2%(5:1%”%%’3 Si"é%\ll%g r“8§\/§nl%g8€.n%§/\ﬁ% ﬁlﬁg‘gaal g'ﬁ&teblr%’[g% O%iﬂw?rg bol t ed
ont 0 si gh@lemiehtg cheipgingd 74 fighteris loWed Erapval lipelTe agdihsy theadokstedni ght seal . 1 n an
exenpl ary enbodi ment, hamer caps 136 inpact surface 138 formng the bottom

of seali I | ; . i 4 j t.@y Fi gur es
2 and 3, 0816] 1A S fag b & ClBREl: Al BhRR 114 8 icHplfS} et Mo 3.

vari et y Whemlidnaodroepyt 13deuilcgmingayurdes 1BSethe fSicgpakesrringdoifte ti@utodbehae f or
exanpl e,,..cl anped r bolted, .or,ofherw,.,se gitac t o, ruypni n o] 14. In
sone entIII(ﬁi n%?%a:torﬂﬁ'egr QoM o%ngnrtelsamél\g aé(Il%l af EII:IIgngII%g'SCnthglIg’ﬂ cIII‘n IIeegr é’Id g;part of
runni ng pgreeirtichio tHeracantiesipedi nent using a clanp, clanp ring 160 (Figure 3)
conprises two halves of a ring. The halves are joined by horizontal bolts

ol amp anbuh R B i P LSO G AT Pl 802 b gt PP 0

agai nst sigmpl mxfg Iwesihg hip. riihagned 1 2t wayl ibtersettorach ofghqpaaities 1144in jthetringshopeisg.t i on

wherei n surf 38 t agt Iy 36 . o |l ock
bol 15 1 iraa A A8 gtk SFREen PG rel P ) IR BeE RO

vi br at e vadoeseomponeatspnef s trashiteri 30 waye formgesergor i2dgand @Mphhet 18Banp ri ng
bolts 166 are used to attach sealing ring 144 to the top of signal ring
housi ng Ne.d © 3 : ' ' 00e/MYoesSO be
attac healégz%;I tlﬁ?IaeQrEI%gI) F-SI- e%%%l’zet I%I%?J%%rg%g; a’%ﬁ%ﬁ%%ﬁ%%ﬁ%e %{rﬁt hesl ower
end 170 siaarbe sighalamigd@0bypudhcariposcelyot 166, clampsain yheodriibstring 40sat 4 locaiion

exenpl ar L: . SingNals L i 2 ip 172 is
g e RRe Ll ing M08 e b Bt e HBfhor BURE oG OO bt ol 2ylcd 12
wi cker s tafigeener §@emay the wedjaygethet lonatibhsl. ITisemp embodyméms theygoppongnts adhed t o
t he out sj f | r e | | 7 - or t rooved
o, CeniiiesHonNEL ALY B ol ook BpBROLYSBRERRMIR. 'y RGN U] DOV 2T,
may haverasopiver 10® may tHavel powdreippind$2t wawd Foowy gengrrtontla4, anapligier d28,iandar d

I ' 176 tigh I ¥ 7 [ h I
Ctem [ GBARTTR SERuO sohi il e B il By Seihnd 1300 o 104 2t

each end of signal ring 100. Wen hamrer caps 136 push agai nst surface 138,
the for de049hSsdse tiangeiveudio mepy b2 spbt iieeh svherelni theerizgnis seratadledntogyogesini ng and
,[ (haIea); Icgg:ért%flﬁéraéso%ﬂa%ﬁtg %QEQmpc%%MYQF&nﬁ)I}SenIs‘Iﬂayﬁdeacmﬁ)gd fndlae strﬂfgod}quﬁéqugQI to

and latch 186. The split ring may be attached to a drill string at any position on the drill string,

even if the drill string is already joined to other sections of drill string ("made up"). Referring to

Figure 7, surface transceiver 106 may have upper wickers 188 on an inner diameter of its bore,
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[0047] Referring to Figure 4, wire channel 120 is a circunferential channel
in the top surface of signal ring housing 112. Channel 120 may i ntersect
each of the cavities 118 in the ring housing Channel 120 has a wi dth and
depth sufficient to contain wires (not shown) that run between the various
conponents such as transmtter 130, wave form generator 124, and anplifier
128. [0048] Referring to Figures 5-7, surface transmtter and receiver
("surface transceiver") 106 is simlar to signal ring 100. Surface
transcei ver 106 clanps to the drill string 102 at a |ocation away from
signal ring 100, such as above the surface of the sea on the drilling rig.
Surf ace tocandser ver eniDdriayerbeckeseP0ian aptitrer dlapett pbhitssbord, foogigdret the end

enbodi nent s, . ttEe co oFentl%of surface transceiver 106 are simlar to the
conponenP®POFfC 95 YR MIFHy 19D0. For exanple, surface transceiver 106 may
have power supply 122, wave form generator 124, anplifier 128, and

transm t {0860] 1R Gerrifit backae Figuse 4 capaieni 26 eaapediethe slaetieernypngity & i@ghnel
182. [OOﬁ l(ﬂ"trof\%ﬁ%alt doRiRYSr U e f9210G0dTR¥mPA 42 1§ Q!Fréfeﬁécf@nbome cbhrebi8r 71 NQ
is separabte into tWo ‘sem circular conponents. The sem -circul ar conponents
may be clmipechlaico dhai htesmny naf ehigr Hignabeng BY fzovd the pomh whge verfippd cajgiugter i ng
may be att ed ril i t. [ P kg I hg, even
't the art P Serrehst EoineriaBle B, @eita Bpolah' dppiind M bupapile 08
("made upigal rieghewsirignlj 2tand Fetginedeby7retaning rog 194 thasepyato IEOSCHHYS BROE upper
w ckers n an_inner di of | S’FH?%n and

| oner w i%gr(gnelg on cgnr?e?tﬁ%g? : g’:;agr?é)?éae%é%*&f%?gr B{S)‘r&g@ ﬁ%gat ed at glr(glq%agnd
opposi t ehdbmgUupperhevdic katisal t88uctd0BF092 Ref e ritaded todonnastoFil B8 r @onpector

connect o 26 connects the ctronic ' 3 : o]
verti cal E%%Wﬁ’ﬁ &5 a‘ﬁacron%ﬁtﬁ 2IBJI21? gl ge%%%%g@%%\ %né)?ff)l}og‘%ng’%éé i %%c}étggrrléfnt ,
connect otvird2go itlsophapaedgs Q02 atignatreny hwayingdi 2.e Massags 2o aduld bag veddal r om
t he point where vertical .conductor 2 i t may
be- i pat aPFERE Rt STge eb e dA aueaeu (BRaEe 2 RAEED o obed
housi ng didktiaRthnd @ita@sdredith gavigtiadnimgnaliwigs (94 shdvarl) agmaps thervpanectot d2her

ring groove 196. One or nore copnnectors 198 ec L 0 ot rude
from t he2}9Bherconneyhg 2 Ctofnﬁﬁner%ﬂﬁﬁ Ayt ?%%Frn?‘%n I\Q/‘g;}?l isgﬁé Etg%oﬁgﬁgc}fséﬁvaﬁ%r 192
may be atdnacleedatbo] Ropoeidésoturk®o veniaanhdrctdtP8r i9l Waso fdimveengant &4 s 200
for attaching internal wre not . shown), rein the internal wr go

t hr ough Pa% %gb@cé‘g? SGIROTS if?jri%fegtt“igrfae f’l‘Bﬁ?]‘g‘l1 ﬂgé"@“%ﬂ?*‘l‘ ﬁggeélgﬁaem%? oColt'd f%in a
verti cal %@l@ﬁlﬁﬁig% tadrtidan b&ida @6t sar W2 h Awiwiile be deseribdd 1A26) .comliticens wadhi asehey
passage 202 coul d in other directions and intersect with cavi.t. 18.

| nt er nal 2pfipge °(‘1ﬂ8§ 8%%5’(/\}98 Oét“fagéip‘f’ PHE CBHﬁ‘Hé%b%‘P’ aﬁ?@“é‘f?&“fﬁ%ﬁ“@%cﬁ#ect to
a conpo n@BErti&H&hes’iéiaaﬂé@.V Walv e Feingenehadt 074 i l%le tb (kjletﬁ@rme arhddurantlow wifve form
generator 124 provides, current to vertical co ctor bar. 192. v orm
gener at ofufigent geayragy &idepiy (g velin g‘b?l?r‘?a{)‘?’e 8‘8&&@?‘?’% et%ﬁt&m g\g‘ﬁﬁmm

el ectri caly 6tfheedifferPRSSinidnédid BsvEMed WathMigeneeiratr 434mblo MOr i wacal
conductor bar 192. As will be described ] ater, condf't'horlg su({%h %f‘ ttge

| andi ng &mdpcebag 1 $PaAybVhichryesompanint upglichnowep gy alse it &R B P4t a
parti cul &g fedtshce S44BLEIBEYH Wil tBe Qifehi Sl aBohEsinBéAMERs mddviet ds anegen geat or

124 is able to detect the rate of current flow wth suffhm,ent ac?(uS acy to

i dent i fyse st erksatgeneratead (eAMREY VeSPRRPEdONEALEVel dif FTERic oY nERY from
any of thg,dhiferent conponents associated wi th signal generator assenbly
100 to vertical conductor bar 192, and whi chever conponent supplies power
may al so _be able to detect the rat_ﬁ and resi st.anc% associ.at ed witht t he
current 08W Figied e tnsarsian feeim IR iR eonEeclapis BW eep &PHYE COBRP P ather
gener at e;fl e)teir%gllﬂﬁ BeYodiRSRONS | aviexb@plhfenhtRdBhengfcotipblicant suth asdagivaur42of t he
conponent. 10 i

511 Figure 8 is a conaecti Qn ghﬁgr am. il | ust rdz)ti ng.con.necti ons
bet ween VAYS 18U 26T N &h @ pfifierd A8 cind fransapiier d i) At g gonngefpd 2 PRYRYRYAT y
enmbodi Mefi4 1o GRPRISRENESnSHR 0B Bow & GRIpHET1221 4ch VEMhE chiapdhete AR dt grouddd,
anplifier 128, and transmitter 130 are each connected Qy posi ti.v%g'ﬁre 204

to the pBshebE cleshsdOnaRstion pavehousing Jily, RIPICESH OB RNEVE S aledt s may
be grounded, such as by electrical connection to ring housing 112, in which
case only positive wire 204 is
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required to provide power to each conponent. Switch 206 nmay be a power
swtch for energizing power supply 122. In an exenplary enbodi nent, sw tch
206 conpletes a path to ground froma negative contact of power supply 122.
[ 0052] Receiver 142 may include a digital phase |ock |loop ("PLL") capable
of locking to any acoustic frequency that transmts through the drill
string fromthe surface nounted acoustic transceiver. Thus when receiver

recei ves surface signal 208 fromthe surface (via the drill string),
receiver locks on to the acousti c frequency and transmts acoustic signal
210 to wave form nerat 124 to cC . ener at.or .124 to. generate
wave. { or RS RLoRTaPert siEh b S T AR SSB PELOLSh 1 AR o) ar v

enbodi nqmwer mp@ i2er m geaemptaef endbddintieng B&11RH Z6WwakPlefed b pathitgf@dbinPidn o
anplifier r‘répl_rt er ﬁ,ﬁgpllfies signal 212 to create drive signal
214. Drﬂ?éat’s"eﬁ?fgi’ 21RPWFA AP ame frequency as signal 212, but with a
greater anplification. Drive signal 214 actuates transmtters 130, to
produce [003 Retdiveerl4d miaglitcl@ib6y digitl phase 30d1<Heo;FSﬂET)g:apdbld dfdbckimpntoramgonat e
alongthedlll Stri Referrl ta Fi m verti cal
conduot orofiy el M caRmEluRTen e s Rl Brdwi el fia
current tanewiyet h&@hhemwyth retivérosteiss e;mféclzéklgn'ﬁbﬁd)S sommhv entfice dlviactherdeitit or bar

192 can devi ce capahl e of ssin electrical.current. In a

or ot o r el Rs SERE P deSisaP Rt 1 SN wbRes o Pk ot ant
conduct i forn gmeﬁutoram td causwevedoip genyraeii) D4l iongnérate Ghaae fein s&bh8l 21 sithigarsi de  of
t ool ﬁm 114 g@g@gﬁ vertical conductor bar 192. Channel 218 nmay be |ined
by chann@fa5ed 220, which is a non-conductive material such as

pl astic. In sone enbodi nents, channel 218 is filled with resilient materi al
222. RedD053¢ it amerteepiaay erﬁﬂﬁlim@ml whvb éorm geastator é2¢ travangs i)va'i'e fouc kigas 212 or
exanpl e, toneric matery installed in
channel t%fgl%ﬁ)?{}gl?scha r%g%} ?ings%fl%f fes & 3382 reategnﬁe SFEr ? i Ca rlg%?lléllljgt or bar
192. | OQBB]haR&ieesame figqieack at ogifai gw é’!lQWlthI agrea@r rampgﬁcratmm nPring sigoad|21224

h 00| I 2 hed
or & consien PP pRIRE SR B HeorTehT AP RAg R and

run casue@ndttamlg@th&ﬁﬁllmm\ell as hold, run and set seal s 110. Referring to
Figure 10, running tool 224 has a running tool signal wire 230 to pass
current [é(;éa Efg% B%‘EBDuYe? ttf)oci %!emc\%ﬁ%glcéogﬁuc?oqrba}% 1ts 9n %%%é&gcoﬁé’&%‘? ha:l’08
(Figure R SOME

transmits an electrical current along the length of tool stem 114. Tool stem vertical conductor

bar 192 can be any device capable of passing an electrical current. In a preferred embodiment,
vertical conductor bar 192 is a hard, wear resistant conductive material. In an exemplary
embodiment, channel 218 on the side of tool stem 114 contains vertical conductor bar 192.
Channel 218 may be lined by channel insulator 220, which is a non-conductive material such as
plastic. In some embodiments, channel 218 is filled with resilient material 222. Resilient
material 222 could be a resilient material such as, for example, a sponge type material or an
elastomeric material, installed in channel 218 after channel insulator 220, followed by vertical

conductor bar 192.

[0055] Referring back to Figure 2, casing hanger running tool 224 attaches to tool stem 114.
Running tool outer sleeve 226 may be attached 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 signal wire 230 to pass current from

tool stem vertical conductor bar 192 to casing hanger 108 (Figure 2). In some embodiments, the
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| D of the top of running tool 224 has a conductor ring 232. Conductor ring
232 contacts vertical 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
runni ng tool 224 noves axially in relation to tool stem 114. Conductor ring
232 is able to remain in contact with vertical conductor bar 192 as running
tool 224 rotates axially about tool stem 114. [0056] Conductor ring 232 nay
be | ocated inside groove 234 in the ID of running tool 224, and is attached

to runni ol signal wr 0. Si nal W re bqare 236.is vertical. bore
bet ween ST 8 terel RS of 7R Pt OB o5 2e 2FheCURHER s LSBT Bre 236,
wher eI CoBsHaatOf bar i1y ’ﬂi’e&eﬂﬁ:al&éﬂgﬂﬁ&lﬁdﬁk@lb%hm{ 8%“51?9 ls'é&?oseﬂabbnbgaﬁ iI):fthed wilrL h
a seal an a stic r ubber. . ef.e to Figure :
Runni ng ieé‘éﬁ%‘g %ﬂi ‘E’vﬁge Cﬁéé‘g%gg%ﬁfnﬁ%llf‘ Hoast ¥ @Erf‘%f’&“ GOt i ng
232 to castudginRangens aRRELHIAIQIn PQitith t83§hl sieﬁpmuecbdnauamu{gdm i240ecwher e
runni ng tool 224 engages up face 242 on casi ng hange

exenpl ar FEHHBAORERY W YL rng e 2 PURRTIRG [ Pbot* r%tﬂfsrrév“béb% Qbr i ng

| oaded plwnaes. 244 V\/ner ein the spring causes the contact point to protrude
fromthe surface and mai ntain contact between the running tool and casing

hanger 00 Casj nge hav. 0i_nt

protr udegﬂ%ﬁﬂo Og‘ﬁ’(‘ilﬂ' Hae Egzg ’Qayal?eglr‘,’%f’é‘ijar‘l'ﬂmﬁu%r@%‘re 2?68“ &’&Elﬁf’g%r‘ﬁ‘ﬂ% il %%‘gén(s]eads
toI ong orgs?] arﬁ:‘?ledgcrﬁmmgmlwgmmﬁ%ohzfg@al Wenpee 280 Bunditiegl bufre’BetQéeBl the?ds to
a | oad shou cont act 5 52 that contacts ort surface éﬁzzl.o

| andi ng (érl?r obymgning g ?“ne TRRFT E?Jrﬂ?thi’,’tab ?%? RN} ‘écﬁodlﬂnﬁ ddnt act
poi Nt 252it43RH tB8ighd) varePO0,iny Ve Fiide oith b Werga suchboé;ﬁs& pRen€br sl y 122
(Figure 4), provides power to a conponent such as wave form generator 124,

which th rovi des senses cu n thro on t 126
(Figure W?Mf??géltg%fﬁ?&u@g% ?31251%[]5? ﬁvlﬁrree 3@0‘3as thra‘%tht b e?? ﬁgﬁoo 7532, and
runni ng écmﬂhctsﬂ gfﬂ@I23Wtas @as2}Ohanizer cﬁmemdn N@inM238, RéBed bm shoyddee {20 eltbre

enbodi nent r 258 is | undi wire 248 . bet ween casi ng
hanger c%‘ﬁf“&gt 2%? SIS UBBYree g‘r‘?fogcc Slg%ﬁ?%grt oi ﬂfm Wplﬂﬁ%eﬁg‘ﬁ%tasi ng
hanger 1&&nbaiod 238 0n|ramtliggolsizduhsese 8156pnng Ipaded @tuapdri e dvietein ertspiisg passed

t hr ough oun wire 248 to | ndl 256. 60] Same .

enbodi rre §esﬁg E\P""&rt{’)ﬁf?guﬂeg tgeg%% mzl“%tﬁ‘&scofl%“g’gggee’& gﬁt"é?ﬁm%oi nt
260 on tie] adahdinohaapdflage of casing hanger 108. Seal contact point 260 may
be on a spring |oaded plunger. Metal seal 110 may be inserted bet ween

seal i ng aS| han 108. reperly
i nsert edﬁ’%@a‘%‘%‘&é‘ g ﬂp glgtﬁ% s |2)r%%lr | Hrogrﬂ%eﬁsf?of%h ghed gdae §Aﬁ)SPWi N
cont act aweak hanget 408 C(mtm pﬁﬁm46\M&Iﬂ te e orlridre gmundmg wirse8, 2dht Hagepoi nt

260, it ovj.des. a ctr |, current re en eal
cont act GBRERFEATE RS« Lo AR sofe S 5l F2 o P aRhEs SBhof s no
have reséfShfingbuldéf 256 ikt the otBértcontictiyods€ dad shbulder gorhiavy pomt @ISZ ey Bnt
resi stance val ue th | oad shoul der grounding wire 248. Thus the anmount of
current ??a%?é’&gﬁ%fl W&%eal contact point 260 will be different than the
anount of current passed through | anding sub contact point 252.

[0059] Power supply 122 (Figure 4), provides power to a component such as wave form

generator 124, which then provides power and senses current drain through connector 126
(Figure 4), vertical conductor bar 192 (Figure 10), conductor ring 232, and running tool signal
wire 230, to grounding wire 248. In a preferred embodiment, resistor 258 is located in
grounding wire 248 between casing hanger contact 246 and support surface contact point 252.
Thus when casing hanger 108 lands on landing shoulder 256, a predetermined current is passed

through grounding wire 248 to landing shoulder 256.
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[0061] Referring to Figure 12, in an alternative enbodi nent, conductor 268
is located on the exterior of casing hanger 108. Referring to Figure 13, in
sonme enbodi ments, conductor 268 is created by first applying a coat of

insul ative paint 272 to the exterior of casing hanger 108. Then

sem -conductive paint 274 is applied over insulative paint 272. In sone
enbodi nents, outer insulator 276, which nay also be insulative paint, is

| ocated on the exterior of sem -conductive paint 274. [0062] Alternatively,
referring to Figure 14, conductor 268 nmay be a piece of conductive ribbon

278, or [bede; Sl lefbadimits UhRtseM @rdvasiki meawthaaemsqa s&T SonfiRY pdie: 2B0RAUCt i Ve,
resistive foil. In sone enbodi nents, a er of insul atlve t ape 28(§grray be

| ocat ed thhsqakas sifase of Gisfgchanggr ]@éncﬁﬁélt‘?“%} cl PPHFR0 08y, b9 o R824 cki ng

280 nmay Jfaer. ameaﬁmaﬂwmﬁp% iertdderadeh 36HNh A Qurtae 085 bﬁtgcdaaggleﬁgem@s [ 0063]
Referring back to Figure conductive paint 274 (Figure 1

conduct i When mgiplosgaloliz IS(H’IPQQH‘YéHSPEFSd @fﬁ;prwdé@ﬁmpl%hﬂmg%g gre etfetiestdal |y
resisti quomﬁleédn?a'cts seall BotRac€ b6t DS alwieH 8N 0PR2&ES Gedl HoRME ot B0Jit! engt h
of conductor 268 encounters greater resistance than el ectrical current
passi ng rréovidasghpash torepund feneferirien cuwmmd Bees 0ReBl copkash PeiAt EraterY-carlcur rent
i's appl 'd:%gta&ﬂ) %%rc%ﬂ@S@fna{]\nggfﬁ&ﬁlaw?quslst&WG aIfQ&is'EHr 288isRIEHGE Rhy RS 1S
grounde duct or nay serve as a type of strain gage. The re5| st ance
of condmdlﬁpremlvaxcﬁ a@lu@ép@imﬂ sepudsler SIS ViR 248. bEUGES OB of|CBESH| cal
current fentthid the LREE bf RrehtDabsb@tHiGgh2, 11
an exewﬂ?gbggi/hgﬁ{%ﬂégﬂngﬁ?&ggwdﬁbt‘%gBQQ%% gﬁlptlhf edéto theeet%fi(asrl or §f casi ng
hanger l@8lingsub eerddchpoifitZdeh upper shoul der 284 al ong seal i ng surface 286 to
| andi ng surface 288. In operation, spring | oaded plunger 244 contacts

conduct qpoé &eﬁ:}n UHERE 1284, ant dMeshatiRKdniiddMEnE lcBEdukiof b8 GOBRRGT d0fe DEL WEEN
runni ng too ignal wre 230 and conductor 268. When_casi ng han er 108

| ands orﬁxreaﬁapfrr@mgab@ngefe}OS;zsliaefer@P&a Figwe 43 ip e empstimenty sardugior %682130

t hrough &'EBE'I it he zlt%f‘ﬁikuﬂ&v% Qi T80 A BxtehiG M ACheARM U6y, BRR i S
grounde ngﬁtottaﬁlﬁﬁng t h of cohdtli}ct or 2%8 )t()gtween shoul der 284 and the
gr oundi rigmpetndective peishaf g% appligchever PeBlativeoprinicX’dr 1D G8MA g8 badImpRigtouter
resista 148, FhicBen 1688k REuBARISIN: 1OR BN IS 1RxlARd MEmEBMdldRE 256.

[ 0065] Oﬂﬁ%%a\{(geja’ig cﬂ‘ﬁ Iaanded uet weq%n caS|cng hange;( e108 anrclzrll wel | head
housi ng re04 214 gure 2) seal 110 contacts conductor 268 and thus forns a
path to ground between conductor 268, at sealing surface 270, and wel | head

housi ng é% ATtleﬁlaﬁ’ﬁﬁ}h retf&n% Mgurg el V&ﬁ‘dhc&@ﬁ@ﬁfa? be £ 9@0@6‘@0@0{1@%03 ousi ng

104 has a reS| st ance ich'is a different resistance than resi stance
val ue R278, eriapseish endstlptiveriasking P&k ¢ Ribbon 3/8rmaye qoBdussy rsisHys B4 dRoul der

256 and 3£alendb@imeARda 1S of RufH{E %E RBOUKLLhe FeaRd 38 h&\bBief QirfAcgQRer at or
124 (Figure 4), can det ect the rate current fl ow. [0066&6V\hen ener gi zi ng

ring 264&osd&icgvagiiion 278, I@earlvqh@kaaé}ﬁ%@aa@av%@q adhgHvRucqebne D6 gttaghing 9r eat er
force thagp gq.j 8grel0§.eal 110 was set. In sone enbodi nents, setting seal 110
causes seafl 10 to engage conductor 268 with nore surface area in contact

than prior to being set, thus causing resistance to be differe t han
resi st a,{g@&pf\efempgg{aﬁgo Figse . epustivegatn 2 11 Figutg 1311‘61 ‘i?&g“céléi%‘s‘@’%ggﬁ 110 to

sever cqpff! O nd§%e sbittsordlidiRWion letiOlybsidthY nfa®rkhlsOWHuE ERstEal $6@ént 110 to
ground, but stoppl ng the fl ow of electricity through | andi ng surface 288.

Thus, wiiapsing Gsqush anlees Feaeth off copducies iop epﬁf&ﬁter%&lﬁgtﬁrawaétam thar, glegtygal |

r ezi o aNGGeftipalhe Mr¥udhes MbAMGEHQ: chRMEEr 1082 WHA %N cREBEA G Ripidace of R2
an .

one end of conductor 268, and a point on conductor 268 is grounded, conductor 268 may serve

as a type of strain gage. The resistance of conductor 268 varies depending on the distance

between the electrical current and the grounding point.
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[0067] Referring to Figure 15, in an exenplary enbodi nent havi ng seal
grounding wire 250 | ocated within casing hanger 108, the circuit path from
a conmponent within ring housing 112, such as wave form generator 124, is as
foll ows. The sensor current from power supply 122 passes through connector
126 to connectors 198, and then along vertical conductor bar 192 (which
runs al ong channel 218 of running tool stem 114). Conductor ring 232, in
contact with wvertical conductor bar 192, passes the electricity to m mng
tool signal wire 230, which runs to spring | oaded plunger 244. Connection
238 of plunger 244 makes_a connection wth cqntact i nt.246 when running
Cool 11 JU6H i Eishriea ot Cadh P RERGer - aamear sebprel ¢4 AB0eL 'Y Pom
contact pReMdr 24 6sing KihedAIDE haig@ing Froatiishen ghovidee2 248orandalingSufi@r28858, to
contact point 252. Contact point. 252 engages_| andi ng shoul dg 256 en

casi ng h#Rgee sutnge Péhda oPFralidh iR 1%448‘31%685” %C.Onﬁcg(?f’? um? S squlder 1 om

I andi ng 98D uhEahakZpbint Gecti@UBhnedEds bBgehaR@fing 168 sighalalif02 PraourRoedhc@gai nst
| andi ng shoul der 256 thus%{)rovi di ng_ground far runni n%@';ﬂ(s) | 224 and

runni ng 26| Waekeasng angsh 448 lapdsiqnan PHEer 299 eAeetriofy GPpY&Pa¥5°  When

seal 11023@ 156dghicBndRRE 868, & 18Rdifd oliMer 256N &RIMAGbuIRR 1256 isdhdunfiddOWuctdir ough
gr oundi ngLZWI re 248 to seal groundi nq w re 250, which passes electricity to
i 0

resi st or tpggnegihel aducer 268 oprtuesn sheyifir 28607 Bearowdiedomt gbleAding gBaco nt acts
seal 110pgyicdicRaNed RENa PiRS SesikR6d VALE K1 tvhef 284iNO nARB0e08 hA&. onandgscr i bed
above, electricity flows through casing hanger 108 and back through running
t ool 224skosller2¥¥ni ng tool stem 114 to ring housing 112 and power supply
122. 100681 Referring to Figure 16, in an enbodi nent havi ng external

conduct 0fpp3§Bwakh §a51 Mis MaAse bethB, casihg Ghdge i (8yanll vasMBeddohobeing €04 (Fagure38 of
pl unger 244 and contact point 246 in {he sanF manner. as desc%begg\%"n Fi gure
12, but Ehé&Fl Ieentacticangistor At and Gps ass # gat é&%‘i"}’r'g‘[ RV eeR eI 2Ghitt h
cont act s Gast A8RPAIICEndRGINMRERUSIAS 100 TREeT to keint dBESerOfbnbiadisti 268 asdhoul der
256. \When seal 110 first contacts_sealing surface 270, electricity is able

to flow Pebhtnd bersing19¢ hows resistangs B, Waigh 1Sriglilfgrentdeustaneg thangesisianee Yalpe a1

resi stange RZsomAN&dodigRhts el ticty IBlvs td Bith hadBg BRfulilet 356 Dl ls@ie 0, alduithuyv t h
resi stance R3. [00691 Referring to back to Figure 11, in operation, as the

oper at or thewee sewres. suchnasnyere foos sensrasright4t(Riguiei Qesan dsiet UR &Hh L B8 Thar d
toward | gpgdi ng shoul der 256, wave form generator 124 (Figure 4) energizes a
circuit that conprises connector 126 (Figure 4), tool stemvertical

conductor_ bar 192 (Figure 2), runni ool sjgnal wire 230, casj hanger

| oad sholf08&l WheheneEsiZipg ring 264 sets éﬁfﬂg@é’a ea]cf)fr?t%‘t? SRR %‘B’é‘.“’t“??a#q%gﬁ’g‘
enbodi meplegteNBYcel thil BiEGe BRI €1@vad S3CIn SRR AISentsEERGAg declad 10caise€Rdal | S not
able to gass through this circuit because it has ng path toaground When

casi ng haHbierengage joadeeior A0S SitMoEr SHSET et D ewtact el RIp [ BePe SUntutt

poi nt 25_8au|sﬁg¢e%,is%cé ©AR sehtdEie thad3dsi®inct RDAIM@h&h@ibodigtenid dRttinloedn 1 ooNt act ,
current is able to pass through | opad shoul der contact _poi nt g%g%é'tlgel andi ng
[

shoul der mpxeause sak110gapTvEr Penguetpre268; thugdliowingerlseticyly to Hgwithoy & t

limts theusdbleidp gl%@ﬁé"ﬂovy of 80:Qity ThRuaHhABRY SR 288, THAE RvIAIe r@vficd Or m
gener at or co&;onen? 24 (Figure 4), detects the current drain and the

anount  oR3 t4ii be ivee then agsisiance hathe 19l resistanehel R By berkiebeied 19ves dber ni ned

val ue co L EN it AR r ent drai n associated with casing hanger 108
(Fi gure %?h andi ng on | andi ng shoul der 256 (Figure 2), wave form generator

124 (F gl[JOr()g7]41%efet:)n?iggj ?os F %gsrgelrS?tirii gr? egergp éjr? rerenbo 1&%ntellla%(1"i;[gr sieglaéro%idgrx%a\!vi're 250
located within casing hanger 108, the circuit path from a component within ring housing 112,
such as wave form generator 124, is as follows. The sensor current from power supply 122
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
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[0071] Referring to Figure 4, anplifier 128 anplifies the square wave
signal, and the output is directed to frequency transmtters 130.
Transmitters 130 begin driving hamrer 136 into rigid surface 138 at the
sane frequency as the square wave signal. Wave form generator 124 alters

t he frequency through a predeterm ned range in order to generate at |east
one frequency that is able to resonate up the up the drill string 102 to
the surface. The frequency of wave form generator 124 nmay ranp, for
exanple, from approximtely 500 Hz up to approximately 1800 Hz or nore, and
may r anpeRraKeod@idtor AN, HiGedrad Qle&ﬁ&?r tBrr@xﬁﬁl%%M i@ACHES 250 h@a®&uns to
transcei ver 106, the phase | ock 100 PLL") of surface transcei ver 106 may
| ock ontsatibg afedepllRasE p44. o fanieRdion & rqfaz!@g@# Afswaley @rconprstign wéh coptast

gener at Qfint 346 Whkd n8 grt@ém 141G RbAthTRIiIHQRsing SRk h)%v'm&u@el? ipAdsk@from
frequency, causi Qﬁésur ace transceiver 106 transmtter 130 t0 send a

conf i r michBtastrROEI ey thiaeh hpngen gighnding wire (8 ppdyresiger 2ahdp soyagdppint g8t ed

wi thin rédﬁ%c@?éﬁﬁ’@ky eﬂé&-@es”ﬁi{dnh SHoulder 286 tien CARhE himkt 908 Hnd0 1/RBFgt hen
conmmuni cate all remaining |nformat|on at the sane frequency as the

conf i r mebp@der hgnBlectripiprpsses Remdandinggheudder titogronnd. gasingrhapgesdPhig alsasi ng

hanger 308mald\e9Reh AR sﬂme,dzs\svtﬁu%ﬁ%d&% Qrdubll PorPhifts 1B 2YRH hGing

energi zin r|n 264 to push seal pr oper ocation to forma seal

bet ween tedsteny! Hahagkrto 1108 hepsing| 142 @ndhpoveds @unpéte¥2225@/hewhl Hig setfin plapes

pr operl A t poi nt
mhleééﬁggggég?es&g{a&r Iﬁlzidagé%sua’%%ﬁg‘%%dglécﬁlg %gﬁttggérail gl?)%gdllgfgéah??%om si gnal

r| ng 100Vh1<$enﬁsse§(ﬂ1ﬂcm§ﬁy porasistop 864 eid uicel apptast prant 208y Seal qoplsftspomnt 268r has

resistor, t r i.St ul der

Cont act gy SR 116 SRl L B ik RSSO sling e RR PA: B BRRE i et

sour ce @bsbsitatlews tireugh shgmeahiangdrigs aghbagk thwoush mmn&wmﬂ and runhisgden r ent

dr ai n, \MHF 124 to generate a square wave

Si gnal eﬁﬁggﬁgg?%ﬁ g%ie?rgdtpe pﬁ%?gg%%nse to seating seal 110 (Figure 2)

may be different than the wave forméqenerat ed in response to |anding casing

hanger 10#8] Refuing @) Figns 1de it ph isadtiodimpwivieavinghextasepl spedugioy 268 iognebinglr i ves

transm i 6r? 198 Qe Acky AR oteldHOY8 BEYyfier 2PNGA ¢ {\m& pEAHERGH B dijal may

resonate along t ring 102 In the alternative
enmbodi rremﬁmn@rsawgscamacﬁme o 8ut thereflavs theongh ewduaer 2&§ émbp@nealrmm P8&i gnal

ring 10Q. 46! &Ghsts %Qﬁ]&r A %Ptlos%he‘ﬁ%éu‘?%‘ﬁ [fgér%% Rﬂdi SR difEshbWbLrOR3E. W?l%ce

When the anount o I's consi s w th resistarite value RI,

f or m gened di dfirsi tagenenliag esfaad/), tlostrivityi igakié toXlopv fem gorfduetgtt 268y Técpmehcy
Wien the, a‘i'fg Lfﬁﬂ’&cef 3N Seaf 06! ?Ire%ﬂ{ané@ fz? @én %eﬁf“ff‘o Ysaie'r'et é"ﬁé{tﬁ form
gener at or enerat s wave form &l gna a second requency.

Fi nal | y folldvesd, hutlmthmsmfahcn/m s consistent with resistance value R3, wave
formgenerator 124 generates wave formsignal 212 at a third frequency.

Vave T onied) @PRking ke bhk t%rm%]ré '1?% Q;}Sex?ﬁ&e}l, l{ ith%ro#)é:l%%r lévﬂerﬂa% \%glaﬁ’ée& \gg Si gnal

214, which drivestransmtt sanme frequency form si gnal
214, butthraightthgrieen (et skav) d@\umard [cv@rblandg $h@uleibre25|6n‘y@mfbmng¢ma@wbé% shown

d ! folt t
grkl I FZ@ dI: g&ghjé) %r t%été SdOHPcuﬁl tghtngotlﬁpg%ggsfonqlh%a@hpﬁ &?‘g’ S g@éﬁt&% |ger%%?\slg.rl ous
changes cmduhmbardépéﬁgm@) frorgvngt thel segnalpeiro?30y h@lngrham laad shasyder eoraepl e, t he
system %8&5 ‘is?ean%”&lap Qacpé 1%1{ 9¥0.diAg; ah{g%ﬁ&fuh ?’ 1389‘{1 NGofdf 0P ERRE

equi pnment, such as a tu anger an I ng an
components. Electrical current is not able to pass through this c1rcu1t 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 contact point 252 to landing shoulder 256, thus completing the circuit.

Resistor 258 in the circuit limits the current drain.

-16-



CLAIMS 1. A nesting indicator conprising: a running tool adapted to be

| owered froma surface platform on a conduit; a well head nenber carried by
the running tool to be inserted into a subsea wel |l head; a wave form
generator connected to the running tool that generates a wave formin
response to the well head nenber being seated on a surface inside the
wel | head; and a frequency tone transmtter, electrically connected to the
wave form generator and carried by the running tool, that, in response to
receiving the wave form generates a tone, the frequency tone transmtter

being in ment. W th the ruoning t t ta a

vi brati oﬁﬁpﬁf‘gﬁeg%ur{eﬁteso}l {fﬁ’nﬁuglbast ool andg?’%éﬁ(%(f%glg%’?&{]?‘t (I%%%{seu{)f gegéeéspﬁgt form
2. The nestdnngiraindindatheranafunclofiitin tyurresthetrénn Wienrthervunentt drain wettwsi ses a
neck, the neck .bei ng adapted to connect. t.0 the conduif. f

conpri si Rﬁgge%ﬁda‘?a%g c‘):ﬁ’ﬁsg%?ng&’ ltﬁ ey uﬁglgtkd,ralf’ ﬁseso?l?tgqﬂvgtﬁgéﬂqggﬁggetrlrig%ﬁ@ﬁ ﬁ‘é‘fr er

bei ng | oeptaadingront hadis@lshautder 256 (Figure 2), wave form generator 124 (Figure 4) begins

generating a square wave electrical signal.

[0071] Referring to Figure 4, amplifier 128 amplifies the square wave signal, and the output is
directed to frequency transmitters 130. Transmitters 130 begin driving hammer 136 into rigid
surface 138 at the same frequency as the square wave signal. Wave form generator 124 alters the
frequency through a predetermined range in order to generate at least one frequency that is able
to resonate up the up the drill string 102 to the surface. The frequency of wave form generator
124 may ramp, for example, from approximately 500 Hz up to approximately 1800 Hz or more,
and may ramp back down. When the band pass frequency reaches surface transceiver 106, the
phase lock loop ("PLL") of surface transceiver 106 may lock onto the frequency, and then
surface transceiver 106 wave form generator 124 will generate a confirmation signal having a
similar frequency, causing surface transceiver 106 transmitter 130 to send a confirming
frequency back through drill string 102, where a PLL located within ring assembly 100 may lock
on to the confirmation signal and then communicate all remaining information at the same

frequency as the confirmation signal.

[0072] Referring to Figure 11, after landing casing hanger 108, the operator may drive seal 110
into place by lowering energizing ring 264 to push seal 110 to the proper location to form a seal
between casing hanger 108 and landing shoulder 256. When seal 110 is properly located to form
a seal, the seal will contact seal contact point 260, which creates a path to ground for the current
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 current drain, which causes wave form generator 124 to generate a square wave
signal. The wave form generated in response to seating seal 110 (Figure 2) may be different than

the wave form generated in response to landing casing hanger 108 (Figure 2). As described
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3. The nesting indicator of claim2, further conprising a wire extending
fromthe collar to an electrical connection, the electrical connection
conpleting a circuit when the well head nenber is seated on the surface
inside the well head. 4. The nesting indicator of claim1l1, further
conprising a grounding circuit, wherein electrical current passes through
the grounding circuit when the well head nenber is seated on the surface

i nside the well head; and wherein the wave form generator generates the wave
formin response to the electrical current. 5. The nesting indicator of

cl ai m 2,abeherird Bquahte whvee 6iged adtive Renshlitdens N30 e tras@ips iffgGendy or range of

magnet os rlctlv mat eri al he freguenc one transmtter generating the
tone as ZFIPFEHL ab?m¥ﬁ§mﬁﬁ§%§$ q%??@éo terial repeatedly expanding, in

response to the wave form to cause a netal cap to inpact an interior

surface [0674] ISﬁnidmlyl an .the Glterhhtévenesbadigent ndingataduadr 26&i the |currekiesodrae t he

vwave f Orarsnso 12 e w1 h 31 ?%gé EH:)(? ﬁetgctclse th\é\aa%%urtt%rfrpurrent flowing from the current source.
When the amount of current is consistent with resistance value R1, wave form generator 124
generates wave form signal 212 at a first frequency. When the current flow is consistent with
resistance value R2, wave form generator 124 generates wave form signal 212 at a second
frequency. Finally, when current flow is consistent with resistance value R3, wave form
generator 124 generates wave form signal 212 at a third frequency. Wave form signal 212 is
amplified by amplifier 128, to create drive signal 214, which drives transmitter 130 at the same

frequency as wave form signal 214, but with greater amplitude.

[0075] While the invention has been shown or described in only some of its forms, it should be
apparent to those skilled in the art that it is not so limited, but is susceptible to various changes
without departing from the scope of the invention. For example, the system could be employed
by providing indication of landing of other equipment, such as a tubing hanger and tubing hanger

seal.
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a predeterm ned frequency, and wherein the tone generated by the frequency
tone transmtter has the sane frequency as the wave form 7. The nesting
i ndi cator of claim3, wherein the wire conpletes at |east a portion of a
second circuit in response to a second wel | head nenber being seated on a
second surface inside the well head to cause the wave form generator to
gener at eraisgcond wave form 8. The nesting indicator of claim1l, wherein
the tone transmtter conprises an annul ar w nding, ‘the annul ar w ndi ng
generating a magnetic field in response to the wave form 9. The nesting
i ndi cat br of AdlegingipdicaigReemiriinghe tone transmitter is located in an annul ar
cavity inside the collar. 10. The nesting indicator of claim?2, wherein
the col | alinfhMR h@Rd 1M IS8 £bih G Whidlce BRAYMELETBMdSH, t he body el ements
connecting to each other to forman annular ring around the neck. 11. The
nesting indicator of claim2, wherein the nesting indicator is powered by
atI : east welltead aemberyarrichiey tht runemgttoad trebeiagetted iptolesiibrga oldhpdid i nsi de t he

col l ar.

a wave form generator connected to the running tool that generates a wave form in response to the

wellhead member being seated on a surface inside the wellhead; and a frequency tone transmitter,
electrically connected to the wave form generator and carried by the running tool, that, in response to
receiving the wave form, generates a tone, the frequency tone transmitter being in engagement with
the running tool so that the tone travels as a vibration through the running tool and the conduit to the

surface platform.

2. The nesting indicator of claim 1, wherein the running tool comprises a neck, the neck being
adapted to connect to the conduit, and further comprising a collar connected to a neck, the frequency

tone transmitter being located in the collar.

3. The nesting indicator of claim 2, further comprising a wire extending from the collar to an
electrical connection, the electrical connection completing a circuit when the wellhead member is

seated on the surface inside the wellhead.

4. The nesting indicator of claim 1, further comprising a grounding circuit, wherein electrical
current passes through the grounding circuit when the wellhead member is seated on the surface
inside the wellhead; and wherein the wave form generator generates the wave form in response to the

electrical current.

5. The nesting indicator of claim 2, wherein the frequency tone transmitter comprises a
magnetostrictive material, the frequency tone transmitter generating the tone as a result of the
magnetostrictive material repeatedly expanding, in response to the wave form, to cause a metal cap to

impact an interior surface of the collar.

6. The nesting indicator of claim 1, wherein the wave form generator generates the wave form at
a predetermined frequency, and wherein the tone generated by the frequency tone transmitter has the

same frequency as the wave form.
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12. A nesting indicator conprising: a running tool adapted to be | owered
froma surface platform on a conduit, the running tool having a neck

adapted to connect to the conduit and a collar connected to the neck; a
wel | head nmenber carried by the running tool to be inserted into a subsea

wel | head; a wave form generator |ocated in the collar, the wave_form
gener at’or geHErigstinggndicaied ofagp B MReFBIPONEE comPletrbatleast hagHomehh &bt ng

seat ed $RuiRinSpbARo h BebtBwdiMBadvBhite Belng #a€d 8n h EREMEAEHC IR the ABIFEAI t er ,
el ectrically connected to the wave form generator and |ocated in the

col | ar ,to£#iE theiwave P& SAEEP0 BRIEBISA H5EPE AV - form generates a tone, the
frequency tone transmtter contacting an interior surface of the collar so

that the tongtlauelinidtordr Vi atymbkit M @H8 ahdaedreBRpids b MnuRPiddde,
conduit to the surface platform_  13. The nesting indicator of claim12,

f ur t herthcempler indime gengratiog a xragnrgic Agldfin tsanonprdo gsiaye g an el ectri cal
connection, the electrical connection conpleting a circuit when the

wel | heaql m%%m%&&g%g@g ?lﬁf'ﬂb? W68 té,aastiaqsqni&m;@stwﬁaa%anmhér %agﬂgse
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12. A nesting indicator comprising:

a running tool adapted to be lowered from a surface platform, on a conduit, the running tool having a
neck adapted to connect to the conduit and a collar connected to the neck; a wellhead member carried
by the running tool to be inserted into a subsea wellhead; a wave form generator located in the collar,
the wave form generator generating a wave form in response to the wellhead member being seated on
a surface inside the wellhead; and a frequency tone transmitter, electrically connected to the wave
form generator and located in the collar, that, in response to receiving the wave form, generates a
tone, the frequency tone transmitter contacting an interior surface of the collar so that the tone travels

as a vibration through the running tool and the conduit to the surface platform.

13. The nesting indicator of claim 12, further comprising a wire extending from the collar to an
electrical connection, the electrical connection completing a circuit when the wellhead member is

seated on the surface inside the wellhead.

14. The nesting indicator of claim 12, wherein the frequency tone transmitter comprises a
magnetostrictive material, the frequency tone transmitter generating the tone as a result of the
magnetostrictive material repeatedly expanding, in response to the wave form, to cause a metal cap to

impact the interior surface of the collar.

15. The nesting indicator of claim 13, wherein the wire completes at least a portion of a second
circuit in response to a second wellhead member being seated on a second surface inside the wellhead

to cause the wave form generator to generate a second wave form.
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the surface inside the wellhead a wave form generator located in the collar, the wave form generator

generating a wave form in response to the wellhead member being seated on a surface inside the
wellhead; and a frequency tone transmitter, electrically connected to the wave form generator and
located in the collar, the frequency tone transmitter comprising an annular winding, the annular
winding generating a magnetic field in response to the wave form, and a magnetostrictive material,
the frequency tone transmitter generating a tone as a result of the magnetostrictive material repeatedly
expanding, in response to the wave form, to cause a metal cap to impact an interior surface of the
collar to send a vibration through the collar and the running tool to the conduit, the vibration

travelling through the conduit to the surface platform.
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