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wher e nonproduct ive. £ he
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t he subsed wel | hwelihead US'"BWélspfr%w high i the wal b@[eaﬁmﬂ%tlhﬁ@g"@ﬂ invergioannul ar
seal between theca%lanﬁﬁaoy@étbhﬁmoﬁnghf%&&m fiht Bameerra@*it ufiRieRfshdibUptREAT 2

wel | 15 conponent_such, a L.oint at a particular |evel
_Jor orientation iRP&S 'W\%‘fel%ﬂ'@efﬁ 3#“51%&6&?"*%‘@\‘?8&'%’?’"%’95&?3 the,ams of Meent | y,
such operations bepebpeserder. such indications as a running tally of the
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into the well bore I es were no I nacturate and
drilling Wequir eb\%'mpwewrtsmc#&g%msalt%mb@mqaﬁdnﬂlmsgomratm | Thisdsrpasticdariy has
grown nore exacttlgn th&%@h&?bhﬁ@ﬁmﬁfwﬂ@&ﬁédpﬂﬂu&@bhnﬁméﬁﬁeﬁsﬁé Fypical

unaccept abl e. Furth rnore, as offs ore dri I ghs _has noved into
deeper waters, €& §°"Sd?'féeé‘?§‘fe 'ﬂ"%@" F@BPl'chlﬁ ”ﬁ%%'ﬁ?@"g FARIE of
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25 Some prior aduaeRiRRLRe él{ﬁfgé \'NL-!‘HeQ@aﬁt?&m}\glh%g%er%ﬁﬁe%Lﬁ%%eWﬁwat rore

accur at e det erm nation of onent
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surveyed to the wafieRid or blowout preventer stack.

Until recently, such operations depended on such indications as a running tally
of the length of the running string or drill pipe used to lower well components into the
well bore. These pipe tallies were notoriously inaccurate and as drilling requirements

20 with regard to positioning of well components has grown more exacting, such methods
~ of locating well components are unacceptable. Furthermore, as offshore drilfing
operations has moved info deeper waters, e. g., greater that 4,000 feet, more accurate
methods of determining well component placement and their profiles have been
needed.
25 _ Some prior advancements in drilling technology had allowed somewhat more
accurate determination of well component positioning. These methods included
_requiring running wires from the area of the well bore to be surveyed to the water
surface. This method is difficult to use in practice because of the greater Water depths
involved and the long lengths of wire required.
30 2. Description of Related Art
U. S. Patent No. 4,314,365 to C. W. Petersen et al. shows a system for
transmitting and 'detecting acoustic signals along a drill pipe string.
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Wires exit the rear of the sensor units and terminate at a signal processing unit
_ where the oufput signals of the sensor units are processed. This processed ' )

25 information is then transmitted to a dispiay unit at the surface whereby an operator can

'detemine the profile and position of a well component as it passes through the

-instrumented flange. The present.invention eavisions the sensor units could be

acoustic transducers, ultrasonic transducers or optical transducers or a combination

_ thereof. _
.30 An alternative embodiment is also shown with either acoustic or ultrasonic

transducers positioned on the exterior of the instrumented flange.

A principal object of the present invention is to provide a method and apparatus
for sensing the profile and position of a well component in a well bore and transmitting
this information to a surface mounted display unit to aid an operator in performing

35 subsea well operations. '

Another object of the present invention is to provide a method and apparatus
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therein. FIGURE 3 is section stru te an

showi ng the positi on| ng o \ivesvgﬁ YU ?O%cgrrﬁeﬁ 'HQ %%@%W a pl an
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positioning of the sensor units therein.

- 20 : FIGURE 4 is a plan view in section of an alternative embodiment of the
instrumented flange showing the positioning of the sensor units exteriorly thereon.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
With reference to the drawings, and particularly to FIGURE 1, an elevation view

in section of a portion of a typical subsea blowout preventer stack 10 with the
25 . instrumented flange or outer container 12 of the present invention therein is shown. .
Subsea blowout preventer stack 10 includes annular or “bag” type blowout preventer
14 which is connected to ram type blowout preventer 16 (shown partially) and well
- known to those of ordinary skill in the art by suitable means as bolting. instrumented
flange or outer container 12 is shown as being connected between annular blowout
30 preventer 14 and fianged connection 18 of drilling riser 20. Drilling riser 20 extends to
| the surface and is connected to a suitable drilling vessel (not shown) by means well
- known to those of ordinary skill in the art. Although shown in the context of a subsea
blowout preventer stack 10, the present invention would be equally valuable in a
system used in land drilling. Additionally, while instrumented flange or outer container
35 12 is shown as a conventional flange equivalent modifications such as the flange
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flange . 25 an operator can determine the profile and position of a well component as it passes )
-through the instrumented flange.
An alternative embodiment of the apparatus and method for sensing the profile
and position of a well component in a well bore is shown in FIGURE 4. Those items
which are the same as in the first embodiment retain the same numerical designations.
30 In this altemative embodiment, instrumented fiange or outer container 30 includes bore
or conduit 32 extending therethrough. Conduit 32 is sized to match the bores of drilling
riser 20 and subsea blowout preventer stack 10 to alfow well components such as
casing hangers, annular seal assemblies or downhole tools to pass unimpeded.
Positioned about instrumented flange or outer container 30 on exterior surface 34 are
3B a plurality of sensor units 24.
In this altermnative embodiment, sensor units 24 may be acoustical or ultrasonic
transducers, depending on the information to be obtained. A portion or first plurality of
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pre-det er mi ned peansmitythe position and profile of the well component to a display unit positioned at
25 the water surface which in tum displays the position and profile of said well component
for evaluation by the operator. An operator having this information can make an
informed decision as to whether a well component is in position and which well
component it is.
The construction of my apparatus and method for sensing the profile and
30 position of a well component will be readily unde.rstood from the foregoing description
and it will be seen that | have provided an apparatus and method for sensing the
profile and position of a well component in a well bore utilizing acoustic, ultrasonic or
optical sensors and thereby be able to sense both non-magnetic and magnetic well
components. Furthermore, while the invention has been shown and described with
B 35 respect to certain preferred embodiments, it is obvious that equivalent alterations and
modifications will occur to others skilled in the art upon the reading and understanding
of the specification. The present invention includes all such equivalent alterations and
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| evel and subsea bl owout preventer stack 10 is lowered to a subsea
wel | head positioned on the ocean floor. Subsea bl owout preventer stack 10
is secured to the subsea wel | head by suitable nmeans well known to those of
ordinary 20 skill in the art. As a well component is |owered through
drilling riser 20 and into the bore of flange 12, sensor units 24 detect
the presence and profile of well conponent. The output signals of the
sensor units are transmtted to the signal processing unit on the bl owout
preventer stack. The signal processing unit processes the information and
transmts the position and profile of the well conponent to a display unit
positioned at 25 the water surface which in turn displays the position and
profile of said well conponent for evaluation by the operator. An operator
having this information can make an. infornmed decision as to whether a well
conponent is in position and which well conponent it is. The construction
of ny apparatus and nethod for sensing the profile and 30 position of a
wel | conmponent will be readily understood fromthe foregoing description. -
and it will be seen that | have provided an apparatus and net hod for 'i)
sensing the profile and position of a well conponent in a well bore
utilizing acoustic, ultrasonic or optical sensors and thereby be able to
sense both non-magnetic and magnetic well conponents. Furthernore, while

t he invention has been shown and described with 35 respect to certain
preferred enbodi nents, it is obvious that equivalent alterations and

nodi fications will occur to others skilled in the art upon the readi ng and
under standing of the specification. The present invention includes al
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nodi fications, and is |imted only by the scope of the appended clains. 16
August 2005 What is.clained is: 1. A systemfor sensing an object's profile
and position relative to a container, conprising: an outer container
having a conduit therethrough; a plurality of sensor units arranged within
said outer container conduit, a portion of said plurality of sensor units
lie in a plane perpendicular to the axis of said outer container, the
remai ni ng portion of




said plurality of sensor units are arranged in a helical pattern within
said outer container; an object positioned within said outierug@ntamsner
conduit, and; said plurality of sensor units sensing said object's position
and novenent relative to said outer container when said object is within
said outer container bore. 2. A systemfor sensing an object's profile and
position relative to a container according to claiml, wherein: said

pl ural i ¥pabif clgimedéssr s are acoustic transducers. 3. A systemfor sensing an
object'§ rofile and position relative to a container according to claim 2,
wher ei ni ’Q%SE"HPW&?‘?Q 3 Qhjectereltt andpogitionyeetivedna Gotaing afomprising: hi n
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pOSi t i o%ﬂ%“dfﬁ“%&fisa.ﬂf’@r %a??igﬁé@'é [PRisst's peiigp ang moperagns felative irsaisenisl ng an

obj ect ' LG MR ZHPPISET Pt IS T LU CHUPY P ont ai ner according to claim 1,

wher ei n; ,sal | ]t f nsor re.ultrasonic transducers. 7. system
for seq‘%@gﬁﬁfg”ﬁp‘%%%’g%@% °§Jre‘6‘§ ﬁr%'%aaﬁ'a%ﬁ%ﬂsol%tr%l%tﬁer°e e f‘%coéd?'@g%?lﬁ’f“n@r
according to claim®6, wherein: said plurality of sensors are positioned
radi al | saidldriinnof Genediseirdadoaslicagdmtss on the interior wall of said outer
cont ai ner; and, said counterbored pockets are sealed to naintain pressure
W t hi n 3 &isgsterafae sersogtaaiobject’s piifileAang psditemrélative &e&inBhefBccoRfirged clsim@, of i | e
and poswhereyn rel ative to a container according to claim7, wherein: said
outer container is a flange, said flange positioned in a bl owout preventer
stack. SPICRyr @%ﬁé?ﬂsgwse rpsitigpegiradidnWittin cabtrshamy Regkeshprelbe nderigr wAlliof eaidind
posi t i A EPUTEo a container according to claim8, wherein:

said counterbored pockets are sealed to maintain pressure within said outer container.

4. A system for sensing an object's profile and position relative to a container according to claim 3,
wherein:

said outer container is a flange, said flange positioned in a blowout preventer stack.

5. A system for sensing an object's profile and position relative to a container according to claim 4,
wherein:

the output signals of said plurality of acoustic transducers are transmitted to a processing unit
positioned on said blowout preventer stack.

- 6. A system for sensing an object's profile and position relative to a container according to claim 1,
wherein:

- said plurality of sensors are ultrasonic transducers.

7. A system for sensing an object's profile and position relative to a container according to claim 6,
‘wherein:

said piurality of sensors are positioned radially within counterbored pockets on the interior wall of said
outer container; and,

said counterbored pockets are sealed to maintain pressure within said outer container.

8. A system for sensing an object's profile and position relative to a container according to claim 7,
‘wherein:

said outer container is a flange, said flange positioned in a blowout preventer stack.




t he output signals of said plurality of acoustic transducers are
transmtted to a processing unit positioned on said bl owggl,gie¥Riat er
stack. 10. A system for sensing an object's profile and position relative
to a container according to claiml1l, wherein: said plurality of sensors
are optical sensors. 11. A systemfor sensing an object's profile and
position relative to a contai ner according to claim10, wherein: said
plurality of optical sensors are positioned radially wthin counterbored
pocket s 9ohsystes fongepsingan eadd’s profile s mhsidort etaticointaabmeiner aetmiding@icthim 8,

count er MoeEH: pockets are sealed to nmaintain pressure Wi thin said outer

cont ai ner. t1 t for senS| n an object's profile and position
relativ SI‘;{% L X0 il dz%l ??é‘iw plurglity of ?Ea'ﬁﬁ%ﬁefﬁaﬁtm”%@?é? FHProeesEitg il er
cont ai N8P P8P g & UL NIe positioned in a bl owout preventer stack.

13. A syg tﬂ?s%ttaﬂrfor%gﬁg?ﬂg% Bfec tﬂécﬁg ang 38&( f?Jn r!el?thv%%ia ?&ﬁ% ﬁegr gccor nsg% Lye 1o a

cont ai n@ﬁerglﬁcordl ng to claim1l Fla'sa d
plurality of optical sensors are transmtted to a proce55| ng unit

posi ti osmaiplmﬁlitysfaéedsdadmmcalpgeﬁmt er stack. 14. A systemfor sensing an
object's profile and position relative to a container, conprising: an :
out er cbhtevsien fdiaeising aa obieriwrdfietzne petitonaelgtive to acqjitameahcdo;dlrrgfto gdaimsi@r units
arrange‘ﬂheaiﬁﬁut sal d outer container conduit, a portion of said plurality of

sensor un E | i ﬁerﬁ)ll ane perpendi cul ar to the axis of said outer

cont ai n%alJ p‘frﬁ a? (g”"f)ﬁﬁetpioﬂ "6 radilly Wit eRualertopd poksisadhe oyl e
shid oute C n ; ;

arrange 'he ttern about said outer container; an object

posi ti omomtgmb@damm U &S W AN res 00 sg}@gutersc%btgmg jurality of

sensor units sensing said object tron and relative to said
outer CORALHER for ¥eHR Mg SR bBie@BipRAile ahd piitloR Fdlat®atdh Qtfler %Brtdﬁ‘!b'&%faulﬂ%e 15.
A syst ewher@m: sensi ng an object's proF| le and position relative to a

contai ner according to claim14, wherein: said plurality of sensors are
acoust i @idquégnsentajear &2 fleBge, Aaid igrige wositmed resiiovpuapreddnfeeetatls profil e and
posi ti on relative to a container according to claim15, wherein: said

out er f\éYsttF‘é'l‘ for genging pa Aject's grefilg apg pesijien Eﬁﬂﬁi'i"% jocrreataingr zecpidivadndaipridvent er
st ack. "‘i ®"A system for sensi ng an Obj ect's profile and position relative

to a cqp @lltﬂﬁ&gr%%c rsgiid B%ra?h& o?o;%czgp sensors are t?ansmﬂ'ted ?0 a processing unit positioned on

said blowout preventer stack.

14. A system for sensing an object's profile and position relative to a container, comprising:

an outer container having a conduit therethrough;

a plurality of sensor units arranged about said outer container conduit, a portion of said plurality of
sensor units lie in a plane perpendicular to the axis of said outer container, the remaining portion of
- said plurality of sensor units are arranged in a helical pattern about said outer container;

an object positioned within said outer container conduit, and:

said plurality of sensor units sensing said object's position and movement relative to said outer
‘container when said object is within said outer container bore.

15. A system for sensing an object's profile and position relative to a container according to claim 14
wherein;

]

said pluraiity of sensors are acoustic transducers.

16. A system for sensing an object's profile and position relative to a container according to claim 15,
wherein:

said outer container is a flange, said flange positioned in a biowout preventer stack.

17. A system for sensing an object's profile and position relative to a container according to claim 16,
wherein:




16 August 2005 the output signals of said plurality of acoustic transducers
are transmtted to a processing unit positioned on said QRiQuatReventer
stack. 18. A system for sensing an object's profile and position relative
to a container according to claim14, wherein: said plurality of sensors
are ultrasonic transducers. 19. A systemfor sensing an object's profile
and position relative to a container according to claim18, wherein: said
outer container is a flange, said flange positioned in a bl owout preventer
stack. 28.oufuiEbBRT $a plareifpoffgodtc Bdis@@ersar@iasinited andprpasiihd g rel ati ve
t 0 a cone¢stionert oregitiavootpre@niet stack 19,  wherein: the output signals of said
plurality of ultrasonic transducers are transmtted to a processing unit
posi ti oi’]%d\ Yrew e deningan pbiepiseydinasd pegitpielatve to aceniaine dcdorsinade simty t he
posi ti of"4A8 profile of an object in a riser used in oil and gas drilling
operati i.pcludi he.steps of: arranging a first plurality of sensor
units i%ﬁf?{%ﬂaggﬁt%%ggogﬁlsf%nr(%?o”gﬁﬁap‘céjrlfa%% menber in a plane perpendicular to
the axi go @fsysiah forflsbRHIEH ogfe@f@%'?dﬁleaernﬁ?:Qgﬁdﬂgelé’tiv%?&ggkqitﬂeﬂg o}dgrfé tQb1aiFefEs or
uni ts igndréig: annul ar wall of said flanged nmenber 1n a helical” pattefn;
sealing said first plurality and said second plurality of sensor units
W t hi n s#d ditaeonthiagr isvafldngafsaiidatche dobigonge th ameolRit plederitdistatial N t he pressure
containnment integrity of said flanged nenber; installing said flanged
menber #hASYHeBIR sensmoan ehieells perfilgckd pefition celitivg to deontrirepatcosiing tadlamd®, sai d
sensor W% to a processing unit on said bl owout preventer stack;
| onering sai d bl gwout . preventer stack on a running string to a subsea
wel | heaﬁgfu?rge%@\{gg ol '“Esg"&/féaﬁfa B et lrers PR B SLi § PRGBSI Al | hoad:

. VENETr STACK. . . . .
| owering a wel corrponer? Fhroug said riser into the bore of said flanged
Meber ; 215 AR frREndtRghd | il | - JfS it moves
t hr oughopsaitiehsf iﬁ@@@ﬁf@%%ﬁ%@g%tdﬁgﬁ%ﬁtagSf%((:)t??igﬁe\é@fe:dr"g@méﬁﬁrgg??ﬂ?‘ and said
second plurality of sensor units. 22. A nethod for sensing the position and

pr of i | earahgiaga firsf o blity of sansor erets intseshniular @il of alldngk@ndiibiet hiapgneoper at i ons
accor diaegpendicutdrae tre 21is of saidtflargedinmpiedi ng t he steps of: transmitting the
position and profile of said well conponent from said processing unit to a
di spl ay?"§AgiRg 2 $REENY RlAHOfRENToR UNtiA tEe arwar welkef sgiddipnasdimembenia apekdat i on and
profil @3¢ said wel | conponent on said display unit. 9

sealing said first plurality and said second plurality of sensor units within said annular wall of said
flanged member to maintain the pressure containment integrity of said flanged member;

installing said flanged member in a blowout preventer stack;

directing the output signals of said sensor units to a processing unit on said blowout preventer stack;
lowering said blowout preventer stack on a running string to a subsea wellhead;

securing said blowout preventer stack to said subsea wellhead;

lowering a well component through said riser into the-bore of said flanged member;

sensing the position and profile of said well component as it moves through said flanged member by
the cutput of said first plurality and said second plurality of sensor units.

22. A method for sensing the position and profile of an object in a riser used in oil and gas drilling
- operations according to claim 21, further including the steps of:

transmitting the position and profile of said well component from said processing unit to a display unit
positioned at the water surface; '

displaying_ the position and profile of said well component on said display unit.




