MEASUREMENT OF RELATIVE TURNS AND DISPLACEMENT IN SUBSEA RUNNING TOOLS
BACKGROUND OF THE INVENTION 1. Field of the Invention [0001] This invention relates in general
to subsea running tools and, in particular, to sensing the relative turns and relative displacement of a
subsea running tool at mud line and sub mud line levels. 2. Brief Description of Related Art [0002] In
subsea operations, a surface platform generally floats over an area that is to be drilled. The surface
platform then runs a drilling riser that extends from the surface platform to a wellhead located at the
sea floor. The drilling riser serves as the lifeline between the vessel and the wellhead as most drilling
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hangers, bridging hangers, seals, wear bu e, they pass from the surface of the vessel
on a running string through the riser, through the wellhead and into the wellbore. Weight, rotation, and
hydraulic pressure may be used to place and actuate these devices. Because of this, it is important to
know with some specificity the reBtNa<seRtHeNBY QUrAdIENINYIEDAESMent of the running tool in the
subsea environment. Knowing this information allows operators to know that the device has reached
the appropriate position in the wellbore and properly actuated. Typically, this is accomplished by
monitorifg fHeldahibeFvrRliffing string turns and displacement of the running string at the surface

platform [ §099pTBeGavsRisHHase Platiermailloakever tham subses wellhgas toenane suhigstde the

effects of ocean currents and winds. Despite attempts to anchor the riser tg the sea floor, ocean
currents SIRIVGAUEHARD iRt sl anemerhl QubtRa B adNbA RN Mo A Sty d85ary over
the wellheagls In addition, the riser itself is subject to movement due to ocean currents. Because of this,
the riser will not remain truly vertical between the wellhead and the surface platform. Instead, the riser
will "curve” § ire?%pe%@ﬁgt@atg?Ieecfgf-g&)ﬂqu the vessel in relation to the wellhead and the effects of the

current on the unanc riser sections extending between the ends of the
[0002] In subsea operations, a surface platform generally floats over an area that is to be drilled.

The surface platform then runs a drilling riser that extends from the surface platform to a
wellhead located at the sea floor. The drilling riser serves as the lifeline between the vessel and
the wellhead as most drilling operations are performed through the drilling riser. As devices are
needed for the well, such as casing hangers, bridging hangers, seals, wear bushings, and the like,
they pass from the surface of the vessel on a running string through the riser, through the
wellhead and into the wellbore. Weight, rotation, and hydraulic pressure may be used to place
and actuate these devices. Because of this, it is important to know with some specificity the
relative number of turns and displacement of the running tool in the subsea environment.
Knowing this information allows operators to know that the device has reached the appropriate
position in the wellbore and properly actuated. Typically, this is accomplished by monitoring the

number of running string turns and displacement of the running string at the surface platform.

[0003] Because surface platforms float over the subsea wellhead, they are subject to the effects
of ocean currents and winds. Despite attempts to anchor the riser to the sea floor, ocean currents
and winds will push surface platforms such that they do not remain completely stationary over
the wellhead. In addition, the riser itself is subject to movement due to ocean currents. Because
of this, the riser will not remain truly vertical between the wellhead and the surface platform.
Instead, the riser will "curve" in response to the position of the vessel in relation to the wellhead

and the effects of the current on the unanchored riser sections extending between the ends of the



riser string anchored at the surface platform and at the wellhead. As locations in deeper water are
explored, the problem becomes exacerbated. [0004] As the riser curves, the running string passing
through the riser will contact the riser rather than remaining coaxial within the riser. At the locations
where the running string contacts the riser wall, the running string becomes anchored, and transmits
some of the operational weight and torque, applied by the surface platform to the running string, from
the running string to the riser. Thus, the actual torque and weight applied to the device in the wellbore
is less than the total torque and weight applied at the surface platform. This difference within the
relative ATHDSY Y ARAOEAFUISPISEAHB R ?Hﬂﬁfnﬁ“’to‘?ﬂ?@b% aret RFHET UMBETPSE R and
running sikirgisplacenpestlabibecsuitacead@RAbddn addition, the difference in the number of turns and
displacement applied at the surface and the number of turns and displacement at the running tool may
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feet through the riser between the wellhead and the surface. When turned, the segments of the
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segments relative to one another. T turns and displacement applied at the surface may not
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there is aigipedriarsatmeibeedaotapRadakslar spnsheonumberef tHrike ardsispiagementoithe
running tool at a mud line and sub mud line level while landing, setting, and testing subsea wellhead
devices it AFGHRIAROBT EEMRIAR Y JiE PHIESRVENTTON TB@O%‘%FH‘&CS SHEERHBE SFstiéns are
generallysobadodrtaicummdeditpth entdiedinicalathiaptage s aig gedexaiycashiete do byupreteided
embodiments of %he r%) es?nt invetnt{c%ﬂ thatfé)rovide an apparatus for measuring relative turns and
relative d}lsnﬂgl memt ot sy félaarunﬁisrlué 561 at downhole locations in real time, and a method for

using the same. 10007] In accordance with an embodiment of the present invention, a system for

running d9R08knrsiditsebdba didtrrase inchiporebrrieiivelpsad duntaeysrimiidiad esthersiwiiigg tool
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subsea wellhead component. The running tool has a body, a stem having an axis, the stem passing

through {RBSHDAY IEnBIaPRIStRRecURR EVBIHE tHE OB THE RO Bda ablesdhitvahdhm 8856 dy, and
the pistopemaymayevaNialii ralative taithedouvhia sekibe subseaumelneagcompriestifnencoder is

positioned between the stem and the body and to detect relative rotation between the stem and the
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respecti\?e?f, to the transmitter, the transmitier communicates the information to the receptor, &nd the
receptor teohahanisatdmnthenihforrmatidrite thed pehdtotarmdergacetdesicad testing subsea wellhead

devices with a running tool.




10008] In accordance with another embodiment of the present invention, a system for running and
setting a subsea wellhead component is disclosed. The system includes a running tool having an
upper end for coupling to a running string, the running tool adapted to carry and set the component.
The running tool has a body, a stem passing through the body, and a piston circumscribing the body.
The body, the stem, and the piston are coaxial with an axis of the body, and the stem is rotatable
relative to the body, and the piston may move axially relative to the body. An encoder is positioned
between the stem and the body to detect relative rotation between the stem and the body and
generate a rotation signal in responég}\%g%%m%vggrﬁm%icaﬁvely coupled to the encoder
for transmitting the rotation signal to a surface platform. A receptor is located at the surface platform
and comi¥ifit dtheetyaod ndhed ey bhents ans gritier forscdredingithenrotatiohn aid hedhai thleadvafdegesand an
operatorQIEHACR fPYICH IR LLBURIeaRVE K FOURIENTO KIe(RORRIGH TR ARBIFIRLINIRSTAGE device IS
located proximate to an operator of the drilling rig, so that the receptor may transmit the rotation signal
to the opatRatHIAtEIFaBEAtBIS IEI0T] twatesfdsnedwithsplcamnstet embbaphentnehopradent

inventiony R axsie g Janning ARdSaHing Acskilees welihaad samponent is disclosed. The system
includes a running tool having an upper end for coupling to a running string, the running tool adapted

to carry the component, The running tool has a body, a stem passing through the body, and a
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receiving the axial S|gna! at the 'surface, and an operator interface device is communicatively coupled
to the rebegyoramhdhsperimr i face devicdlls Iskdred pro%ienhesYotanssbabstsrbiothevgHheeg rig, so
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the signal. [0010] In accordance with still another embodiment of the present invention, a method for
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sensor coupled within a runnjng tool for detecting running tool relative rotation and displacement. The
method fﬁ@ﬁ%ﬁ%rﬁé?mmw?%wﬁ%vom%@ﬂrﬁéaepqam 1B%LLe A% HERPETEHIN Y G and

positioning¢épesubseanerithead devicrpiea sobseatalingad, agrembiptdhemeifiod thesudperates the
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an operato?. %ioﬂ AR A \ll%tagerg awpere erred embodiment is that 1 providreeg}?ste measurement of the

relative ttransnaitidrditslacars@titet ecorumningptedlthscatiomintibie sutikeaaweliooreud rdal tirventdihis
allows opgratarsiofia swiaesnlatform {Re%ggagﬁeﬁg{f&g@we;hat a subsea device to be set by the

running tool has properly landed and set in the wellbore. In addition, by comparing the actual number
of turns and displacement of the running tool to measurements of relative turns and displacement

applied a0 M8lstrRecarGpsravdre anfthel Pt oh By R e U i FIER ACh SRS the

subsea rig@rsetting a subsea wellhead component is disclosed. The system includes a running tool
having an upper end for coupling to a running string, the running tool adapted to carry and set
the component. The running tool has a body, a stem passing through the body, and a piston
circumscribing the body. The body, the stem, and the piston are coaxial with an axis of the body,
and the stem is rotatable relative to the body, and the piston may move axially relative to the
body. An encoder is positioned between the stem and the body to detect relative rotation

between the stem and the body and generate a rotation signal in response, and a transmitter is



BRIEF DESCRIPTION OF THE DRAWINGS [0012] So that the manner in which the features,
advantages and objects of the invention, as well as others which will become apparent, are attained,
and can be understood in more detail, more particular description of the invention briefly summarized
above may be had by reference to the embodiments thereof which are illustrated in the appended
drawings that form a part of this specification. It is to be noted, however, that the drawings illustrate
only a preferred embodiment of the invention and are therefore not to be considered limiting of its
scope as the invention may admit to other equally effective embodiments. [0013] Figure 1 is a

schematf PUPFSEHRAHY nCSPRIGTs dP e iRy Beile SR RLIAG A S SQk iy SIFRRh fodisy Rstform.
[0014] Figlutfiznis a\Selvepiatis Sectiedadtr ey asefatatiphiansathb e ariveliie advaBsesuply dvith themiming
tool disp?aslggl therejn. L0015 Figﬁ_.ljre ?{ i{s1 asecti?na%l tl'slcherr%atic regresentati%r} of the running tool of
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connectiombetweenvitlg cagihgl hanigeresepioand beepenatingteofadOdtvickigue 88lipraxdetad twew of
the connge HBQreQS%’?ﬁ{‘e mﬁl%igswg g‘oapllg?[h%r}gcte% oiiunqg}llntgag%%it the rotation signal to the operator

interface device.

[0009] In accordance with yet another embodiment of the present invention, a system for
running and setting a subsea wellhead component is disclosed. The system includes a running
tool having an upper end for coupling to a running string, the running tool adapted to carry and
set the component. The running tool has a body, a stem passing through the body, and a piston
circumscribing the body, and the body, the stem, and the piston are coaxial with an axis of the
body. The stem is rotatable relative to the body, and the piston may move axially relative to the
body. An axial displacement sensor is positioned between the piston and the body to detect
relative axial motion between the piston and the body and generate an axial signal in response.
A transmitter is communicatively coupled to the axial displacement sensor for transmitting the
axial signal to a surface. A receptor is located at the surface platform and communicatively
coupled to the transmitter for receiving the axial signal at the surface, and an operator interface
device is communicatively coupled to the receptor. The operator interface device is located
proximate to an operator of the drilling rig, so that the receptor may transmit the axial signal to

the operator interface for further communication of the signal.

[0010] In accordance with still another embodiment of the present invention, a method for
running and setting a subsea wellhead device is disclosed. The method provides a running tool
connected to the subsea wellhead device, the running tool having an encoder and axial
displacement sensor coupled within a running tool for detecting running tool relative rotation and
displacement. The method then runs the running tool from a surface platform to a subsea riser
on a running string and positioning the subsea wellhead device in a subsea wellhead assembly.
The method then operates the running tool to set the subsea device in the subsea wellhead
assembly. While operating the running tool, the running tool generates a signal in the encoder

and the axial displacement sensor in response to setting of the subsea device. The method then



[0018] Figures 4A-4H are partial sectional and detail views illustrating operational steps in a process of
landing and setting the casing hanger of Figure 3 in a high pressure housing of the wellhead assembly
of Figure 2. [0019] Figure 5 is a sectional view of a body of the running tool of Figure 3 with a code
cylinder installed thereon. [0020] Figure 5A is a detail view of the code cylinder and body of Figure 5.
[0021] Figure 6 is a schematic representation of a stem of the running tool of Figure 3. [0022] Figure
6A is a detail view of the stem of Figure 6 illustrating a light source installed thereon. [0023] Figure 7 is
a partial sectional schematic representation of the running tool of Figure 3 with an axial displacement
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sensor oflfdigheig; then presents the signal in a manner understood by an operator.

[0011] An advantage of a preferred embodiment is that it provides a measurement of the relative
turns and displacement at a running tool location in the subsea wellbore in real time. This allows
operators of a surface platform to have greater certainty that a subsea device to be set by the
running tool has properly landed and set in the wellbore. In addition, by comparing the actual
number of turns and displacement of the running tool to measurements of relative turns and
displacement applied at the surface, operators will have an indication that the running string has

anchored to the subsea riser.



[0025] Figures 8, 8A, and 8B are sectional schematic and detail representations of the setting of the
casing hanger seal of Figure 3. [0026] Figures 9, 9A, and 9B are sectional schematic and detail
representations of the setting of the casing hanger seal of Figure 3. [0027] Figure 10 is a schematic
representation of a communication system between the running tool of Figure 3 and the surface
platform of Figure 1. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT [0028] The
present invention will now be described more fully hereinafter with reference to the accompanying
drawings which illustrate embodiments of the invention. This invention may, however, be embodied in
many different forms and shoufd6E BRFSSHS I N mitdl IR iSPated embodiments set forth
herein. Rather, these embodiments are provided so that this disclosure will be thorough and complete,
and will i\ Zbheehathibesvapecoithehinhdtitntoahoshaitiied indldjacts bikdnumbérenrefewtd! like
elements, thyguahont.ipaa e drime naratienyd’ Hestdndieates siniiaLelenenS i elemptie..
embodiments. [0029] In the following discussion, numerous specific details are set forth to provide a
thoroughPairigetat Aseingtisiied theeveaniiondpiirthy, HoweErcdtahillpanekiohsdd YHeEs skl éRl e the art

that the pressnhiRvSNHeRSPaVHRG, PIRCTfRE T suG RRaciadaials. Asditinnalpferdhewost
part, details concerning drilling rig operation, riser make up and break out, operation and use of

wellheadeesiEeatables tait tRebképisde BRWAVSMItREY ifssidianings dlentaianalire ngetsrrsidered

necessagyi@nieil arcapleisionderstandingeaftheopiesent svRIBHANI AncharerGansiossed thebe
within the skills of persaons skilled in the relevant a%%)OOSO] Referring to Figure 1, there is shown a

floating dRTFIY PIABBHATTL LD AMSE R WBTHINTMROSERNG 13 at a subsea floor by a riser 15. A

string 17, such as a casing string or liner string, extends from the wellhead assembly 13 to a
subsurfatf¥ 131 grecbbitons¢honshovenyeRiseti dbodnaties akithdipe 19vwedneadeglbyad fseamiblyating
platform %@ﬂ/&gﬁﬁg@ﬁ&gﬁﬁmbly 13 and on into string 17 below a mud line 14. Running string 19
receives rotational torque and a downward force or weight from drilling devices located on floating
platform 11. While made up of rigid members, riser 15 does not remain completely rigid as it traverses
the distalt HebihEn HdaaniMEHGY LI WRIRieR e ehib §rassaRIsEhgatiacomvsetifof joints
each of whisth gnayl aigwssanemiavement from substantially vertical. The combined effect of slight
movement of each joint will cause riser 15 to "bend" in response to vertical motion from floating

platform hh e {0, surface sells £3.Ialeral MARRCANSE N ASHIRER SVIPRY, 2 2UdlRter

moveme loating platform 11'in response to a wind 25. As shown; subsea current 21, swells 23,
and wind®%daaig hiogetafiddsig phatieensdal. so that riser 15 is in the curved position shown in Figure
1.

[0016] Figure 3A is a detail view of the connection between the casing hanger seal and the

running tool.

[0017] Figure 3B is a detail view of the connection between the casing hanger and the running

tool.

[0018] Figures 4A-4H are partial sectional and detail views illustrating operational steps in a
process of landing and setting the casing hanger of Figure 3 in a high pressure housing of the

wellhead assembly of Figure 2.

[0019] Figure 5 is a sectional view of a body of the running tool of Figure 3 with a code cylinder

installed thereon.
[0020] Figure 5A is a detail view of the code cylinder and body of Figure 5.

[0021] Figure 6 is a schematic representation of a stem of the running tool of Figure 3.



[0031] Running string 19 does not "bend" in response to environmental conditions. Running string 19
remains substantially rigid as it passes through riser 15 from floating platform 11 to wellhead assembly
13, and then into string 17. Consequently, an exterior diameter of running string 19 may contact an
inner diameter surface of riser 15 as shown at contact locations 27. At these locations, a portion of the
rotational torque and weight applied to running string 19 at floating platform 11 transfers from running
string 19 to riser 15, causing the actual applied torque and weight to downhole tools to be less than
that applied_ at the surface. In addition, segments of running string 19 may twist relative to one another
such thal WHArEGAE e ‘Isof’a%ﬁl&fqul‘@oogtﬂbf'rimﬁ‘@ Sbdore1q MUIBEnSHs S BV FH TN S running
string 19tk&gonaents relative to one another. [0032] As shown in Figure 2, a running tool 29 is
suspended on running string 19 within a high pressure housing 59 to set a subsea wellhead device,

such as gggRp ﬁgg&e‘? ?’s'La%HREH"%E%%h?r?%&%ﬁélﬁs?&;ﬁé’s%'tﬁ%% t&'%dr&&ﬂx%”ﬁ{&t%ﬁ%%ﬁ@ yvellhead

equipment such as casing hangers, tubing hangers, seals, wellhead housings, trees, etc. For example,
running t66h20 Wi} Berdasearst rensesivreed lgathsisen-unning tool (PADPRT), as described in more
detail below. Running tool 29 is run on running string 19 to a position within wellhead assembly 13
such as g4 eiset PravanieniBRR) d3heiuningrod@rmsting dispticehas sénvellbepidad pr even

further downhole. [0033] Referring to Figure 3, running tool 29 is shown coupled to casing hanger 31
and a cagj ager 3 , ling casj : Jnni 0 be
Complend B R Y, e
37, a pistbn@sing hengéngcebpfAigutad-a running tool seal 43. Casing hanger seal 33 is connected to
running tool 29 through a tool and seal lock system 45, as shown in Figure 3A. Tool and seal lock
system 4B0PelyISee+ICRNEnI Y BFcSRRII3RaI EHEIG (00l ERaintep@beaniiier aranca fitlasiveen
corresponding annular protrusjons on_ the inner and outer diameters of casing hanger seal 33 and
running f&%l%@?ﬁs%@@ﬁ@%@f’ﬂﬁ% ortion of running tool 29 may be run into casing hanger 31 so
that a downward facing shoulder 47 of body 35 contacts an upward facing shoulder 49 of casing
hanger ORI Bhawre ihOFigyassIBBa8terepsRen@tichen beroratwdcivon teysisrimbgtirstrdihectionitg
e”efgizetéoi%w'@%@ﬁ"aﬁ&?ﬂé’glﬁ&‘%@Bla%ﬁquflgﬁ%%.a running tool locking dog 53 with a profile 55
formed on an inner diameter of casing hanger 317as shown in Figure 3B. Running tool 29 and casing
hanger 31 may then be run through riser 15 to a location in wellhead assembly 13 as shown in Figure
2. [0034] As shown in Figure 4A, running tool 29 and casing hanger 31 may land on a load shoulder
57 within high pressure housing 59. Load shoulder 57 may be an upper rim of a prior run casing
hanger as shown in Figure 4B, or an upward facing shoulder formed in an inner diameter of high
pressure housing 59. Once landed, stem 37 may be rotated in the first direction an additional four
turns to release stem 37 from body 35 and bearing cap 41 as shown in Figure 4C. Axial movement of
stem 37 will result in corresponding axial movement of piston 39 and casing hanger seal 33 coupled
thereto. As shown in Figure 4D, stem 37, piston 39 and casing hanger seal 33 may move axially
downward until casing hanger seal 33 is interposed between high pressure housing 59 and casing
hanger 31. Running tool seal 43 may be energized to an inner diameter of high pressure housing 59
during this process. Fluid pressure may be applied to the annulus between riser 15 and running string
19 as shown in Figure 4E to move piston 39 further downward axially and energize casing hanger seal
33 as shown in Figure 4F. Stem 37 and piston 39 may then be pulled axially upward as shown in
Figure 4G. Four additional turns of stem 37 may be applied through running string 19 to de-energize
running tool anchor system 51 and disengage running tool locking dog 53 from profile 55 of casing
hanger 31 as shown in Figure 4H. This completes the landing and setting process of casing hanger
31. To determine if casing hanger 31 was properly landed and set within high pressure housing 59,
knowledge of the true number of turns and axial displacement of the components of running tool 29
during the previously described process is necessary. [0035] Referring to Figure 5, body 35 of running
tool 29 will define a central bore 61 through which stem 37 (not shown) may pass. A code cylinder 63
may be secured to an inner diameter of body 37 within central bore 61. Referring to Figure 5A, code
cylinder 63 is a tubular body having an outer diameter substantially equivalent to the inner diameter of
central bore 61. Code cylinder 63 defines a plurality of windows 65 around the circumference of code
cylinder 63. Each window 65 extends from an inner diameter of code cylinder 63 to an outer diameter
of code cylinder 63. The spacing of windows 65 around code cylinder 63 may correspond to a specific
rotational position around the circumference of body 35. Each window 65 may extend the length



of code cylinder 63. Code cylinder 63 may be formed of any suitable material, such as glass or plastic,
for use as described herein. [0036] One or more photodiode sensors 67 may be placed relative to
code cylinder 63 and the inner diameter of body 35. In an embodiment, a single photodiode sensor 67
is interposed between code cylinder 63 and the inner diameter of central bore 61. The single
photodiode sensor 67 may only be exposed to central bore 61 through a single window 65. In another
embodiment, a plurality of individual photodiode sensors 67 are interposed between code cylinder 63
and the inner diameter of central bgre 61. The %Iuralit of individual photodiode sensors 67 may each
S

be exposed to central bbregiiRb &‘1‘1&’36% Brlc gpéﬁfm RENH-S another

embodiment, a single tubular photodiode sensor 67 is interposed between code cylinder 63 and the
inner dial#e28t dheemetrahboreedionvdlphotdaicliecsdndan@? Willybecepdsadiishceitranésote B¢
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set within a bore éxtending radially inward from an outer diameter of stem 37. Light source 69 may be
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may gengraie.al ieeiialaignal whanxnaser 4@ dhaligbt Fundisih ROMCEE%:de 066 SpMTaRH9 wil
be positioned so that Ilght from light source 69 will be directed radially outward when stem 37 is

inserted HHOHDLIE B8 haratel st stepkiito st bt cBirrelsd 1raF 1 Hsainypnbfmttenter of

code cylindss G31(&igH@SIWhENSIRMBAIsdnrsesettdriefemnt ahdam &3, ahBarY pHimbmaftion,
embodiment, when stem 37 moves axially through body 35 E‘)llibght source 69 will not move beyond the

axial hei@ﬁﬁ%’flc’é‘&@%ﬂ‘?ﬁﬁﬂap%rflﬁﬂﬂ?fﬁ)??ﬂ%%ﬁﬁ’ébﬁfgg}{ Yrovided by extending the axial height
of code cylinder 63 and photodiode 67. Light source 69 may be powered by a battery internal to light
source GBIOWbilhe_thelﬁoﬂowm:\ts;u'sgmgum@@Q spayibe gviisrad bt é_sméxmma‘ﬁgoweh(s’ougbe. In the
St ot AIRITE 0 MR R hofRRe: SRS LRI o6 R e bererred

to collectively as anencoder. [0038] In an embodiment, stem 37 may rotate relative to body 35 as
describethabboe it terpaticn PryuPe PALKRH Dilihiely roienrofistdendy., Iydisenstls. oy direct

light radigjly Quwaig SIRNGHEMMRAE: &SR Spladdn, the.rrhydl HpdasiRad Bat IghlsRWGRHOO may

be powered on a surface platform 25, or alternatively switched on prior to operation of running tool 29.

In an embSdneRtPeARfgERRREHIRBEbHIB dE S BALD PE XPUSdRATBGH 2 SHdlciiiiheast as stem

37 rotatesight-s@uise 88ryilbeypase phetpgdiede srIREMERIMENEE PRI futksavaliiiandsf sigmn 3¢ relative
to body 35. At each exposure of photodiode sensqr 67, photodiode sensor 67 will generate an

electricaPSRifaref ifsbsiddtindhsiHar HRFseh stelrbiL e VoI BF stem 37 relative to body 35 has

been completed. Photodiode sensor 67 may be coupled to a controller, or further coupled to an
operator [Mi3ffaB efedesgribeb gumndrethiztaisbgiown thall gamgedotanghe latfrberl bf revsictiidn® of stem

37 or ot ise indi relat LOf t st 7.tpb : . iment
g A B O R e eow

65, light SouiecBOH| Brpode eediheupassgabliotddio dessbagdios Mshbersraéud|(tighsbpstem 37
relative 1Q;0Qdys 3 HILEARN FHROBIE 8@&%@@%@%&1@%&9&9&?@?% G£uRbRIodiefs isensor 67

will generate an electrical signal. Each photodiode sensor 67 will be correlated to a position on body

35. Phot®eHoRfe 8Ehssing 7l imbsiow eatisldingo4-cSHitrsing stitartAdieetitipieqtisiattbiserdtorifterface,
describeddninare fietaibbelavhithatcaniipgiaieidbe paiiaWarphstediedR seNIONPK Banglating the

electrical signal. Thus, a rotational position of stem 37 relative to body 35 may be detected and
recordec®bi 8RR Brabishtbt A dGhHI RIS MeithBLH JFPARRES A SH SR SFHHRy 35.
This corrdatian prayobe transmiiethiadngsuibiea 30 Rovides an @pesated withthe ktdtionahpasition of

stem 37 r%raglhaﬁlg\l){/ng(t))rgg ?r]:()t\lzjerrrlllselgtf r(t)?nmsu étggti%ﬁic\ric?t?gafn ﬂ%rceogn%ti%iel g}%\g‘[ of slight movement
of each joint will cause riser 15 to "bend" in response to vertical motion from floating platform
11 due to surface swells 23, lateral motion caused by a subsea current 21, and lateral movement
of floating platform 11 in response to a wind 25. As shown, subsea current 21, swells 23, and

wind 25 have moved floating platform 11 so that riser 15 is in the curved position shown in

Figure 1.



[0040] In an embodiment having a single photodiode sensor 67 extending the circumference of bore
61 of body 35, photodiode sensor 67 exposed through each window 65, light source 69 will expose
photodiode sensor 67 multiple times during each revolution of stem 37 relative to body 35. Photodiode
sensor 67 may be communicatively coupled to a controller or operator interface device that will register
the relative number of signals generated from initiation of stem 37 rotation relative to body 35. This
register of signals may be correlated to a number of rotations of stem 37 relative to body 35 and to a
relative rotational position of stem 37 to body 35 based on the total number of signals generated since
rotation iIMERHORUEYPE:HHRSId iR Ur PSR WIRISHOBS &% SO IRE BhgReSHERS didt &®8sor 67,
six signalsingl IPergeagratetspaitiale i grlvadlii gaswststaroudh tdative ohodyameTlethperatotdnterface
device ma Hﬁoucgt eacq)fig&al a dtindic te tev?r7y s&%nal the total num[ber ocrl.rota ion%of stem 37
relative t& ogf} %Ssﬁrélgiﬁnlng% i tHe Thitidl fotation of Steiy 378 5)’%6%%%,1\% [ eers%cﬁurlllﬁléngasing
hanger 33rtogriPmiag toot29 asteneBdimiltkotatefotipfines F&ladivieotonbadyBdctlheaopey2ior iterface
device receive 21 signals beginning with the initial rotati f st . The operator interface
il e e B i SR R T L
this manfestiag ppéienor hhalyansider siand thening siddigiorYalhalsar B respolutgritsf staral 3ppbegtive to
body 35 5 Geedrd JhisinPUBRHARNLRY0c LR BUNRAICH P Myl IRGRAs ARseritad baiay wih
respect to Figure 10. [0041] Referring to Figure 7, an axial displacement sensor, in the illustrated
embodintegnaninebrupaiihi R Y Rta NRhEFsive FqI0DARTET isteht st PP vaao? ibaysE i shown.
The axia} flisplpGemeinse prdformav b%@yb%uH@&J?oé@\@er%ﬁaﬁl%phﬁﬁﬁ%ﬁti%@gi@bdéé gent
between body 35 and piston 39. In the illustrated embodiment, LVDT 71 will include a tube 73
containif§&Y&viehf ¥id$laced end-to-end around tube 73. In an embodiment, three solenoidal coils
are used, a center coil being a primary coil and a secondary coil on either side of the primary coil. A
cylindricd0082joagnstic indfestis i3 pasitiong dowlittindusbep@idlsd chaticones AFrimay pasditn robigh the
three solenoidal falsASAleInating, curtehmay e apRlied 1e (he,priman.eore gl e, 13 roen &
power sc?urce, such as™a battery that may be located within running Yool , electric poV%er supplied to
the runningrtodistir doghvasdeledaid antbilicahtostibechkecliiadiegmisningt cuntens wilbirnglbergarvoltage in
each of B fHOSREA0IAIRS. (IFRIR FoTRNES AUaININPHOBRR S ARIF. R 63HSP & Giange in
d VDT 71

the voltage induced in each secondary. L produces an output voltage that corresponds to the

differencergsstie assiearsedriHdupe aiinthe reb Sed3RRANes. daasehcdore ey esdiiadl heloral Bosiiag the
output veligaswilkhie GPRIMIPaIEIYZ Qo TR ¥R ERECVERIBAY 8 LHONOIB RS 13 aPR®RNe

other secondary will induce a%reater voltage causing a chagae in the output voltage. The magnitude
of the outBLPVEOYRRGE POV 37 100t EBFredpBRS e aniyehidort Y8liReat R deEBr& B5kill have
an outer @vehRydyeable in response to axial motion of piston 39. In an embodiment, the outer end of
core 75 may interact with a downward facing shoulder of piston 39. In an alternative embodiment, the
outer en 5.is attached to a tubular portion of piston 39. As piston 39,movyes axially
o R BB B R e e O R I,
causing hangltaggralotitpukltharenesy bé conbiatedswighthecadbltpositioreddpistdmay beletivelttedody 35.
This corrglation, iy hediapamitiegeladbessuiage iearMdsAnoRRTAt: Wi dhe disrlacement of

piston 39 as described in more detail below. [0042] Referring to Figures 8 and’9, as piston 39 moves
axially doNGHWaY dlsagetandtof eadinginagdpebatad 3 3as(debigibeieaibind Wit frospedetbtTigures

4A-4H, cRigifie YW Do YR-sudally deyvinyard tisergstuhess 3 JenKIAtIAGFARUIRUL YRllRgRIREASPONSE.
For example, as shown in Figure 8B, piston 39 is in contact with an energizing ring of casing hanger

seal 33. REHNRIFMBETBREECERISIRFIBNATRERI SpR tdh 8o eaisadaple?eHargrsh g iRt esfesindihanger

seal 33 tB.BNEIHIZer ERPIIAINANGRALIRL 3R RIENGAANY ivickaks QuRR inatdirveRkRiNghdgeressure
housing 59 and an outer diamlli er of casing harsllgi{) 31, as shown in F,igure%?eB. As shown in Figure 8A,

the dowrArcPriBYSHIBH I Siston SEPRFAY Ciuse LUGWRRKALH Py Sholidler BE'SY BrstaR $8%0
engage ans@ipchahgare 17soahiMDIbwilwAsl pigian S oldaes7axtidiydgowsviandiselatiyeviedndingS to set
casing hanger. seal 31, downward facing shouldef. 85 wi e core 75 through tube 73 until
o R A e LRGSR it oYy b ey B B
voltage ofi b\IsT difett @hsngeiigizroponiorg to chenahoo upttemcorendenmge mentinmioghltwke@ 3. This
output voltage may b icated to th rf descri In.m etail below. [00
Referringi Elou 25 A R e AT SRl e o
a transmitter 77. Transmitter 77 may be positioned within a tubular wall of body 35. Transmitter 77
may be any suitable data transmission device for use in a subsurface environment. For example
transmitter 77 may be an acoustic transmitter capable of receiving electrical input from photodiode
sensors 67 and LVDT 71 and converting the electrical signals into acoustic signals that may be passed
through running string 19 or drilling mud circulated through running string 19. The acoustic signals
generated by transmitter 77 may be received by a reéceptor 79 positioned within a receptor stem 81

coupled to running string 19 at platform 11. Receptor 79 may receive the acoustic signals and convert
them back into elactrical or diaital cinonale Recentar 70 mav be commiinicativelvy eorinled to an



may interpret the signals and adjust operations to add additional rotations at the surface or additional
set down weight or hydraulic pressure to complete setting of casing hanger 31. [0044] Accordingly, the
disclosed embodiments provide numerous advantages. For example, it provides a measurement of the
relative turns and displacement at a running tool location in the subsea wellbore in real time. This
allows operators of a surface platform to have greater certainty that a subsea device to be set by the
running tool has properly landed and set in the wellbore. In addition, by comparing the actual number
of turns and displacement of the running_ tool to measurements of relative turns and displacement

applied at1ARRIPLLe” SPErAURS WP FEVE AN HIEARE AR ISR IRt S P FLLRARRGTEFEE the

subsea risermf1943] 4t ihowneidtpadetbat the present invention may take many forms and
embodiments. Accordingly, several variations may be made in the foregoing without departing from the

spirit or 35ap8 NING VRGN HaIRg thisdessiped tl]%p&?sﬁ’%“ﬂ{d}??t@ﬁ RY.FalflerGe J9 gertain of

its preferred embodiments, it IS noted that the’embodiments disClosed are illustrative rather than

limiting isheztdee ahwiha bighidscsantsehotvasafonsotsHifildabnS Netahg es, uwner SUBMAtIFY are

Pontemp}ﬁiﬁgaﬁi‘n@%efﬁ 9%@&;@@&'%‘#&@}@%@ 69@1?&5%‘&0%4@%&%@&@&% piesaet
invention may be employed without a corres ondlggéuse of the other features. ManR/ such variations
&

and modifEfish S hhghiscsHsHerel D BYiotaSHadediripie by hasle srintsd iR the it Wisstpon a

review ofthei el neus sel nt eplekpretalrer Renbpsine Risa deaaTiNaly 41 issapprapriatediat the
appended claims be construed broadly and in a manner consjstent with the scope of the invention.

dl
What is @Gimedi3: MO KRGt SEMrdAMMY Lt SBLAAg SRAUBLRS LEHHBRE SN PURIA EdmpiSing:  a
running ieelhakingaansapper @nglédr etgnding\tosaswnringigtiagOhedunBeitdoed adapiedakongarry and
set the shlbsea we{lggad component; herein the rLinning (ﬁglnh%ssgali)%yfsal nstte%r(u) Sré vti)régv%gnaxis, the
ug Ys

t
stem passalrrln%e]ihsrecai1 Rl ysgﬁé?qéyplgtvgﬂ%%cu%gcﬁ ?hggt e body;

high pressure housing 59 and casing hanger 31. Running tool seal 43 may be energized to an
inner diameter of high pressure housing 59 during this process. Fluid pressure may be applied to
the annulus between riser 15 and running string 19 as shown in Figure 4E to move piston 39
further downward axially and energize casing hanger seal 33 as shown in Figure 4F. Stem 37
and piston 39 may then be pulled axially upward as shown in Figure 4G. Four additional turns
of stem 37 may be applied through running string 19 to de-energize running tool anchor system
51 and disengage running tool locking dog 53 from profile 55 of casing hanger 31 as shown in
Figure 4H. This completes the landing and setting process of casing hanger 31. To determine if
casing hanger 31 was properly landed and set within high pressure housing 59, knowledge of the
true number of turns and axial displacement of the components of running tool 29 during the

previously described process is necessary.

[0035] Referring to Figure 5, body 35 of running tool 29 will define a central bore 61 through
which stem 37 (not shown) may pass. A code cylinder 63 may be secured to an inner diameter
of body 37 within central bore 61. Referring to Figure SA, code cylinder 63 is a tubular body
having an outer diameter substantially equivalent to the inner diameter of central bore 61. Code
cylinder 63 defines a plurality of windows 65 around the circumference of code cylinder 63.
Each window 65 extends from an inner diameter of code cylinder 63 to an outer diameter of code
cylinder 63. The spacing of windows 65 around code cylinder 63 may correspond to a specific

rotational position around the circumference of body 35. Each window 65 may extend the length
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wherein the stem is rotatable relative to the body, and the piston may move axially relative to the body
to set the subsea wellhead component; an encoder positioned between the stem and the body and
to detect relative rotation between the stem and the body; an axial displacement sensor positioned
between the piston and the stem to detect relative axial motion between the piston and the body; a
transmitter communicatively coupled to the encoder and the axial displacement sensor; a receptor
communicatively coupled to the transmitter, the receptor adapted to be located at a surface platform;
an opera%%r interface device communicatively coupled to the receptor and adapted to be |ocated on

the surfaleSBHOMAEnE: [RETEH iRt et nlP TRE LRl i SHIHOBREEERSYF R B fitihidhte

informatipiastegasding thel¢aletive inuenber of turns and displacement, respectively, to the transmitter,
the transmitter communicates the information to the receptor, and the receptor communicates the

informaltigy @) o OBETALL IMEISARSIISUISE 27 Hﬁ%%t%mc‘é’ﬁ A d vhgte @Hﬁ%&%%l fighlpcement

sensor comprises: a tube positioned within the body, the tube having at least one solenoidal coil; and
inner diameter of body 35. In an embodiment, a single photodiode sensor 67 is interposed

between code cylinder 63 and the inner diameter of central bore 61. The single photodiode
sensor 67 may only be exposed to central bore 61 through a single window 65. In another
embodiment, a plurality of individual photodiode sensors 67 are interposed between code
cylinder 63 and the inner diameter of central bore 61. The plurality of individual photodiode
sensors 67 may each be exposed to central bore 61 through a corresponding separate window 65.
In still another embodiment, a single tubular photodiode sensor 67 is interposed between code
cylinder 63 and the inner diameter of central bore 61. The photodiode sensor 67 will be exposed

to central bore 61 through each window 65.

[0037] Referring to Figures 6 and 6A, stem 37 may include a light source 69 set within a bore
extending radially inward from an outer diameter of stem 37. Light source 69 may be any
suitable light source, microwave, infrared, visible, ultraviolet, etc., such that photodiode sensors
67 may generate an electrical signal when exposed to the light from light source 69. Light
source 69 will be positioned so that light from light source 69 will be directed radially outward
when stem 37 is inserted through body 35. In the illustrated embodiment, light source 69 may be
near an axial center of code cylinder 63 (Figure 5) when stem 37 is inserted into central bore 63
of body 35. In an embodiment, when stem 37 moves axially through body 35, light source 69
will not move beyond the axial height of code cylinder 63. Additional axial range may be
provided by extending the axial height of code cylinder 63 and photodiode 67. Light source 69
may be powered by a battery internal to light source 69. In other embodiments, light source 69
may be powered by an external power source. In the illustrated embodiment, code cylinder 63,

photodiode sensors 67, and light source 69 may be referred to collectively as an encoder.

[0038] In an embodiment, stem 37 may rotate relative to body 35 as described above with
respect to Figures 4A-4H. During rotation of stem 37, light source 69 may direct light radially
outward from stem 37. A person skilled in the art will understand that light source 69 may be

powered on a surface platform 25, or alternatively switched on prior to operation of running tool
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a ferromagnetic core positioned partially within the tube so that movement of the core through the tube
produces an electrical output; wherein an end of the core interacts with the piston to move in
response to axial displacement of the piston; and  wherein axial movement of the piston relative to
the body to energize a casing hanger seal releasably secured to the running tool will move the core
through the tube, generating an output signal conveying the amount of axial displacement of the piston
relative to the body. 3. The system of Claim 1, wherein the encoder comprises: a light source

positioned on the stem so that the light source may direct a light radially outward; and a code
cylinder PositdABSBRC we}eaaﬂ.%atéws%ﬁi% 9%58’?&?‘%%3 &6H8°E |F(ﬁb°é’rghmé;71881%k¥}8 &Y to the
light prodidcas danilsy ighitsolikie tougenevaielthe pataphoisiindd.sénsbhe Byatepoafiftilaienadutidaerein: a

phOtOdiogte Si%nq l?’??e a l%teV\l[g %39% § 0%% g&'c'ipgfﬂo%ﬂr%to pBgt%%.iode sensor 67, photodiode sensor 67
will generate an electrical signal. This electrical signal may indicate that a revolution of stem 37
relative to body 35 has been completed. Photodiode sensor 67 may be coupled to a controller, or
further coupled to an operator interface, described in more detail below, that can record the

number of revolutions of stem 37 or otherwise indicate the relative number of turns of stem 37 to

body 35.

[0039] In an embodiment having a plurality of photodiode sensors 67, each exposed through a
separate corresponding window 65, light source 69 will expose each separate photodiode sensor
67 once per revolution of stem 37 relative to body 35. At each exposure of each separate
photodiode sensor 67, photodiode sensor 67 will generate an electrical signal. Each photodiode
sensor 67 will be correlated to a position on body 35. Photodiode sensor 67 may be coupled to a
controller, or further coupled to an operator interface, described in more detail below, that can
register the particular photodiode sensor 67 generating the electrical signal. Thus, a rotational
position of stem 37 relative to body 35 may be detected and recorded or otherwise presented in
addition to the relative number of rotations of stem 37 to body 35. This correlation may be
transmitted to the surface to provide an operator with the rotational position of stem 37 or the

number of turns of stem 37 as described in more detail below.

[0040] In an embodiment having a single photodiode sensor 67 extending the circumference of
bore 61 of body 35, photodiode sensor 67 exposed through each window 65, light source 69 will
expose photodiode sensor 67 multiple times during each revolution of stem 37 relative to body
35. Photodiode sensor 67 may be communicatively coupled to a controller or operator interface
device that will register the relative number of signals generated from initiation of stem 37
rotation relative to body 35. This register of signals may be correlated to a number of rotations
of stem 37 relative to body 35 and to a relative rotational position of stem 37 to body 35 based on
the total number of signals generated since rotation initiation. For example, if there are six
windows 65 exposing the single photodiode sensor 67, six signals will be generated per every
revolution of stem 37 relative to body 35. The operator interface device may count each signal

and indicate at every signal the total number or rotations of stem 37 relative to body 35
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the code cylinder defines a plurality of windows permitting light from the light source to pass through
the code cylinder to expose the photodiode to the light source; and the photodiode is altematingly
exposed to and blocked from the light source during rotation of the stem relative to the body. 5. The
system of Claim 1, wherein the encoder registers a number of rotations of the stem relative to the
body. 6. The system of Claim 1, wherein the transmitter is an acoustic transmitter and the receptor is
an acoustic receptor.  a running tool having an upper end for coupling to a running string, the running
tool adapted to carry and set the component; _wherein the runnin%tool has a body, a stem_passing

through PFEBBH WHA DpittsAl CRRUINSABIRE the Jatiy=*AmBkeiN S BEyHh & StRmD A tHE Miston are

coaxial withnaipaxis 29 tkerbadywill rotate four times relative to body 37. The operator interface device
may receive 21 signals beginning with the initial rotation of stem 37. The operator interface
device may then indicate that a total of 3.5 revolutions of stem 37 relative to body 35 have
occurred. In this manner, an operator may understand that an additional half or a revolution of
stem 37 relative to body 35 is needed. This information may be communicated to the surface as

described below with respect to Figure 10.

[0041] Referring to Figure 7, an axial displacement sensor, in the illustrated embodiment a linear
variable differential transformer (LVDT) 71, in a tubular wall of body 35 is shown. The axial
displacement sensor may be any suitable device capable of detecting axial displacement between
body 35 and piston 39. In the illustrated embodiment, LVDT 71 will include a tube 73
containing solenoidal coils placed end-to-end around tube 73. In an embodiment, three
solenoidal coils are used, a center coil being a primary coil and a secondary coil on either side of
the primary coil. A cylindrical ferromagnetic core 75 is positioned within tube 73 so that core 75
may pass through the three solenoidal coils. An alternating current may be applied to the
primary core of tube 73 from a power source, such as a battery that may be located within
running tool 29, electric power supplied to the running tool through an electric umbilical, or the
like. The alternating current will induce a voltage in each of the two secondaries. As core 75
moves axially through tube 73, core 75 will cause a change in the voltage induced in each
secondary. LVDT 71 produces an output voltage that corresponds to the difference in the
voltages induced in the two secondaries. When core 75 is in a neutral position the output voltage
will be approximately zero. Thus, when core 75 moves through tube 73, one or the other
secondary will induce a greater voltage causing a change in the output voltage. The magnitude
of the output voltage of LVDT 71 will correspond to the amount core 75 is displaced. Core 75
will have an outer end moveable in response to axial motion of piston 39. In an embodiment, the
outer end of core 75 may interact with a downward facing shoulder of piston 39. In an
alternative embodiment, the outer end of core 75 is attached to a tubular wall portion of piston
39. As piston 39 moves axially downward during the landing and setting process, core 75 will
pass through the coils of tube 73 causing a voltage output that may be correlated with the axial
position of piston 39 relative to body 35. This correlation may be transmitted to the surface to

provide an operator with the displacement of piston 39 as described in more detail below.
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wherein the stem is rotatable relative to the body, and the piston may move axially relative to the body;
an encoder positioned between the stem and the body to detect relative rotation between the stem and
the body and generate a rotation signal in response; a transmitter communicatively coupled to the
encoder for transmitting the rotation signal to a surface platform; a receptor adapted to be located at
the surface platform and communicatively coupled to the transmitter for receiving the rotation signal at
the surface; an operator interface device communicatively coupled to the receptor; and wherein the
operator interface device is adapted to be located proximate to an operator of the driIIin% rig, so that

the recepl0 PhaSFIFEREAIP thEBHEAHD A ghat Y P HIETPE PRt YA Be PNASETE YPrHE%S gSHRRS &Y Claim
7, furthecaongpiitgiper sealn3axiad displdeemdot sensbrragepiad getsctAelativeoaxiad mitiambbetween

the iSO A Y AR RS IRte AN el 190l N L ERR 8L response. For example, as
shown in Figure 8B, piston 39 is in contact with an energizing ring of casing hanger seal 33. As
piston 39 moves axially downward, piston 39 causes the energizing ring of casing hanger seal 33
to energize casing hanger seal 33 by engaging wickers on an inner diameter of high pressure
housing 59 and an outer diameter of casing hanger 31, as shown in Figure 9B. As shown in
Figure 8A, the downward movement of piston 39 may cause a downward facing shoulder 85 of
piston 39 to engage an end of core 75 of LVDT 71. As piston 39 moves axially downward
relative to body 35 to set casing hanger seal 31, downward facing shoulder 85 will move core 75
through tube 73 until downward facing shoulder 85 is proximate to an upper rim of body 35.
This will cause the output voltage of LVDT 71 to change in proportion to the amount of core 75
movement through tube 73. This output voltage may be communicated to the surface as

described in more detail below.

[0043] Referring to Figure 10, photodiode sensors 67 and LVDT 71 may both be
communicatively coupled to a transmitter 77. Transmitter 77 may be positioned within a tubular
wall of body 35. Transmitter 77 may be any suitable data transmission device for use in a
subsurface environment. For example transmitter 77 may be an acoustic transmitter capable of
receiving electrical input from photodiode sensors 67 and LVDT 71 and converting the electrical
signals into acoustic signals that may be passed through running string 19 or drilling mud
circulated through running string 19. The acoustic signals generated by transmitter 77 may be
received by a receptor 79 positioned within a receptor stem 81 coupled to running string 19 at
platform 11. Receptor 79 may receive the acoustic signals and convert them back into electrical
or digital signals. Receptor 79 may be communicatively coupled to an operator interface device
83 located at platform 11 where the signals are converted into a medium understandable to an
operator located proximate to operator interface device 83. The operator interface device 83 may
be any suitable mechanism to communicate the signals from the encoder and LVDT 71 to an
operator located at platform 11. In an embodiment, operator interface device 83 is a display. In
another embodiment, operator interface device 83 is a computing device, such as a computer
workstation, tablet, controller, or the like, that may display information received from receptor

79 or communicate that information to an operator in any suitable manner. There the operator
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the axial displacement sensor communicatively coupled to the transmitter for transmitting the axial
signal to the operator interface device through the receptor. 9. The system of Claim 7, wherein the
encoder comprises: a light source positioned on the stem so that the light source may direct a light
radially outward; and a code cylinder positioned on an inner diameter of the body so that the code
cylinder may be exposed to the light produced by the light source to generate the rotation signal.
10.The system of Claim 9, wherein: the code cylinder defines a plurality of windows permitting light

from the light source tQ pass through the code cylinder to a surface behind the code cylinder; a
photodiodd%s' PEBst SRt e PifafiBtEr %%%é%“&f%é‘%‘o&@?‘&ﬂaal rotations at the Surface or

additional set down weight or hydraulic pressure to complete setting of casing hanger 31.

[0044] Accordingly, the disclosed embodiments provide numerous advantages. For example, it
provides a measurement of the relative turns and displacement at a running tool location in the
subsea wellbore in real time. This allows operators of a surface platform to have greater certainty
that a subsea device to be set by the running tool has properly landed and set in the wellbore. In
addition, by comparing the actual number of turns and displacement of the running tool to
measurements of relative turns and displacement applied at the surface, operators will have an

indication that the running string has anchored to the subsea riser.

[0045] It is understood that the present invention may take many forms and embodiments.
Accordingly, several variations may be made in the foregoing without departing from the spirit
or scope of the invention. Having thus described the present invention by reference to certain of
its preferred embodiments, it is noted that the embodiments disclosed are illustrative rather than
limiting in nature and that a wide range of variations, modifications, changes, and substitutions
are contemplated in the foregoing disclosure and, in some instances, some features of the present
invention may be employed without a corresponding use of the other features. Many such
variations and modifications may be considered obvious and desirable by those skilled in the art
based upon a review of the foregoing description of preferred embodiments. Accordingly, it is
appropriate that the appended claims be construed broadly and in a manner consistent with the

scope of the invention.
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the photodiode is alternatingly exposed to and blocked from the light source through the plurality of
windows of the code cylinder during rotation of the stem relative to the body. a running tool having
an upper end for coupling to a running string, the running tool adapted to carry and set the component;
wherein the running tool has a body, a stem passing through the body, and a piston circumscribing the
body; wherein the body, the stem, and the piston are coaxial with an axis of the body; wherein the
stem is rotatable relative to the body, and the piston may move axially relative to the body; an axial
displacement sensor pasitioned between the piston and the body to detect relative axial motion
between W& B the body and generate an axial signal in response; a transmitter

communicatively couplef19,he, el splaee IR0 SRUARLILHARSIANING is: &gl signal to a surface:

a running tool having an upper end for coupling to a running string, the running tool

adapted to carry and set the subsea wellhead component;

wherein the running tool has a body, a stem having an axis, the stem passing through the

body, and a piston circumscribing the body;

wherein the stem is rotatable relative to the body, and the piston may move axially

relative to the body to set the subsea wellhead component;

an encoder positioned between the stem and the body and to detect relative rotation

between the stem and the body;

an axial displacement sensor positioned between the piston and the stem to detect relative

axial motion between the piston and the body;
a transmitter communicatively coupled to the encoder and the axial displacement sensor;

a receptor communicatively coupled to the transmitter, the receptor adapted to be located

at a surface platform;

an operator interface device communicatively coupled to the receptor and adapted to be

located on the surface platform; and

wherein the encoder and the axial displacement sensor communicate information
regarding the relative number of turns and displacement, respectively, to the transmitter, the
transmitter communicates the information to the receptor, and the receptor communicates the

information to the operator interface device.
2. The system of Claim 1, wherein the axial displacement sensor comprises:
a tube positioned within the body, the tube having at least one solenoidal coil; and

a ferromagnetic core positioned partially within the tube so that movement of the core

through the tube produces an electrical output;

wherein an end of the core interacts with the piston to move in response to axial

displacement of the piston; and
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a receptor located at the surface platform and communicatively coupled to the transmitter for receiving
the axial signal at the surface; an operator interface device communicatively coupled to the receptor;
and wherein the operator interface device is located proximate to an operator of the drilling rig, so
that the receptor may transmit the axial signal to the operator interface for further communication of
the signal. 12.The system of Claim 11, wherein the axial displacement sensor comprises: a tube
positioned within the body, the tube having at least one solenoidal coil; a ferromagnetic core
positioned partially within the tube so that movement of the care through the tube produces an
electrical output! "SRR AR RYRGR RS Hb @RS A RN SIS o ST S rAre&iBn 2aM8 L xial
movement ckihecpisialyasciratthe idnraxiah grovemidinhof ¢hkepisto threlalividaubs padyatingnargize a

casing hanger scal releasably seapred o Ine cunning.aol wil mowg the core thiough fhe tgbe.
generating t%epaxiaﬂgglgnapc vgylng the"amodit’o dgﬂ%pf’écement of the piston relative td the body.

3. The system of Claim 1, wherein the encoder comprises:

a light source positioned on the stem so that the light source may direct a light radially

outward; and

a code cylinder positioned on an inner diameter of the body so that the code cylinder may

be exposed to the light produced by the light source to generate the rotation signal.
4. The system of Claim 3, wherein:
a photodiode is placed between the code cylinder and the body;

the code cylinder defines a plurality of windows permitting light from the light source to

pass through the code cylinder to expose the photodiode to the light source; and

the photodiode is alternatingly exposed to and blocked from the light source during

rotation of the stem relative to the body.

5. The system of Claim 1, wherein the encoder registers a number of rotations of the stem

relative to the body.

6. The system of Claim 1, wherein the transmitter is an acoustic transmitter and the receptor

is an acoustic receptor.

17



13. The system of Claim 11, further comprising an encoder positioned between the stem and the body
to detect relative rotation between the stem and the body and generate a rotation signal in response
for communication through the transmitter and the receptor to the operator interface device. 14. The
system of Claim 13, wherein the encoder comprises: a light source positioned on the stem so that
the light source may direct a light radially outward; and a code cylinder positioned on an inner
diameter of the body so that the code cylinder may be exposed to the light produced by the light
source tq generate the rotation signal. 15. The systemﬁ!z]if]ﬁCIaim 14, wherein: the code cylinder

h
defines d pluralfty SHERhEo N BRI HER AP BRI gAY TR YR PR SSTIIRH the code cylinder to
a surface behind the codF CP/Ender' arphotodiod(f:fis placeld on the inner dia%mete{ surface of th(—f- body;
a ool having a 0 too

and running upper end for'coupling to a running string, the Tunnmg
adapted to carry and set the component;

wherein the running tool has a body, a stem passing through the body, and a piston

circumscribing the body;
wherein the body, the stem, and the piston are coaxial with an axis of the body;

wherein the stem is rotatable relative to the body, and the piston may move axially

relative to the body;

an encoder positioned between the stem and the body to detect relative rotation between

the stem and the body and generate a rotation signal in response;

a transmitter communicatively coupled to the encoder for transmitting the rotation signal

to a surface platform;

a receptor adapted to be located at the surface platform and communicatively coupled to

the transmitter for receiving the rotation signal at the surface;
an operator interface device communicatively coupled to the receptor; and

wherein the operator interface device is adapted to be located proximate to an operator of
the drilling rig, so that the receptor may transmit the rotation signal to the operator interface

device.
8. The system of Claim 7, further comprising:

an axial displacement sensor adapted to detect relative axial motion between the piston

and the body and generate an axial signal in response; and

the axial displacement sensor communicatively coupled to the transmitter for transmitting

the axial signal to the operator interface device through the receptor.
9. The system of Claim 7, wherein the encoder comprises:

a light source positioned on the stem so that the light source may direct a light radially

outward; and
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the photodiode is alternatingly exposed to and blocked from the light source through the plurality of
windows of the code cylinder during rotation of the stem relative to the body.  (a) providing a running
tool connected to the subsea wellhead device, the running tool having an encoder and axial
displacement sensor coupled within a running tool for detecting running tool relative rotation and
displacement; (b) running the running tool from a surface platform to a subsea riser on a running
string and positioning the subsea wellhead device in a subsea wellhead assembly;  (c) operating the
running tool to set the subsea device in the subsea wellhead assembly; ) generating a signal in
the encoder anfl ‘Eﬂ%%f%’é‘i@?&&?f&é%‘?ﬁ%ﬁf’&éﬁs%??ﬁ ‘?E’é’b%ﬁ“s‘éft%‘%Bﬂﬁlﬁfg*%f%teg‘?é%%eacéjté\}%é MY e)
transmittingibexpigsedl trahe thdgioodadandibe giiabaisptagement sensantomstisplay at the drilling
rig; then () presenting the signal in a manner understood by an operator.

10. The system of Claim 9, wherein:

the code cylinder defines a plurality of windows permitting light from the light source to

pass through the code cylinder to a surface behind the code cylinder;
a photodiode is placed on the inner diameter surface of the body; and

the photodiode is alternatingly exposed to and blocked from the light source through the

plurality of windows of the code cylinder during rotation of the stem relative to the body.
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17. The method of Claim 16, wherein step (c) comprises rotating the running string to rotate a stem of
the running tool relative to a body of the running tool to generate a signal in the encoder. 18. The
method of Claim 16, wherein step (c) comprises applying a hydraulic pressure down the running string
to move a piston of the running tool axially relative to a body of the running tool to generate a signal in
the axial displacement sensor. 19. The method of Claim 16, further comprising: connecting a receptor
into the running string at a position above sea level; wherein step (e) comprises acoustically
transmitting the signal to the receptor (79). 20. The method of Claim 19, wherein acoustically

transmittirlg the/ SRS PHUBRGARSITHREG HESRNEM IRsLR ARG B Hinning string.

a running tool having an upper end for coupling to a running string, the running tool

adapted to carry and set the component;

wherein the running tool has a body, a stem passing through the body, and a piston

circumscribing the body;
wherein the body, the stem, and the piston are coaxial with an axis of the body;

wherein the stem is rotatable relative to the body, and the piston may move axially

relative to the body;

an axial displacement sensor positioned between the piston and the body to detect relative

axial motion between the piston and the body and generate an axial signal in response;

a transmitter communicatively coupled to the axial displacement sensor for transmitting

the axial signal to a surface;

a receptor located at the surface platform and communicatively coupled to the transmitter

for receiving the axial signal at the surface;
an operator interface device communicatively coupled to the receptor; and

wherein the operator interface device is located proximate to an operator of the drilling
rig, so that the receptor may transmit the axial signal to the operator interface for further

communication of the signal.
12. The system of Claim 11, wherein the axial displacement sensor comprises:
a tube positioned within the body, the tube having at least one solenoidal coil;

a ferromagnetic core positioned partially within the tube so that movement of the core

through the tube produces an electrical output;

wherein an end of the core interacts with the piston to move in response to axial

movement of the piston; and

wherein axial movement of the piston relative to the body to energize a casing hanger
seal releasably secured to the running tool will move the core through the tube, generating

the axial signal conveying the amount of displacement of the piston relative to the body.
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13. The system of Claim 11, further comprising an encoder positioned between the stem and
the body to detect relative rotation between the stem and the body and generate a rotation signal
in response for communication through the transmitter and the receptor to the operator interface

device.
14. The system of Claim 13, wherein the encoder comprises:

a light source positioned on the stem so that the light source may direct a light radially

outward; and

a code cylinder positioned on an inner diameter of the body so that the code cylinder may

be exposed to the light produced by the light source to generate the rotation signal.
15.  The system of Claim 14, wherein:

the code cylinder defines a plurality of windows permitting light from the light source to

pass through the code cylinder to a surface behind the code cylinder;
a photodiode is placed on the inner diameter surface of the body; and

the photodiode is alternatingly exposed to and blocked from the light source through the

plurality of windows of the code cylinder during rotation of the stem relative to the body.

21



16. A method for running a subsea wellhead device, comprising:

(a) providing a running tool connected to the subsea wellhead device, the running tool
having an encoder and axial displacement sensor coupled within a running tool for detecting

running tool relative rotation and displacement;

(b) running the running tool from a surface platform to a subsea riser on a running string

and positioning the subsea wellhead device in a subsea wellhead assembly;
(c) operating the running tool to set the subsea device in the subsea wellhead assembly;

(d) generating a signal in the encoder and the axial displacement sensor in response to

setting of the subsea device;

(e) transmitting the signal from the encoder and the axial displacement sensor to a display

at the drilling rig; then
(f) presenting the signal in a manner understood by an operator.

17. The method of Claim 16, wherein step (c) comprises rotating the running string to rotate
a stem of the running tool relative to a body of the running tool to generate a signal in the

encoder.

18. The method of Claim 16, wherein step (c) comprises applying a hydraulic pressure down
the running string to move a piston of the running tool axially relative to a body of the running

tool to generate a signal in the axial displacement sensor.

19. The method of Claim 16, further comprising:
connecting a receptor into the running string at a position above sea level; wherein
step (e) comprises acoustically transmitting the signal to the receptor (79).

20.  The method of Claim 19, wherein acoustically transmitting the signal comprises

transmitting the signal through a tubular of the running string.
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