TUBI NG HANGER SETTI NG CONFI RVATI ON SYSTEM BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention [0001] This invention relates in general to tubing
hangers and, in particular, to an apparatus and nmethod for providing
confirmation of tubing hanger |anding and confirmation of tubing hanger

| ocking. 2. Brief Description of Related Art [0002] A subsea well assenbly
i ncludes a wel |l head housing that is secured to a | arge di aneter conductor
pi pe extending to a first depth in the well. After drilling to a second
dept h through the conductor pipe, a string of casing is lowered into the
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seal s between an outer aneter portion e casi ng hanger and the bore
of the well head housing. Sone wells have two or nore strings of casing,
each supported by a casing hanger in the well head housing. [0003] In one
type of conpletion, a str %@K@goﬁ@ﬁhﬁﬁﬂ?@%mﬁﬁﬁﬂHQNis | onered into the |ast
string of casing. A tubing hanger |ands and seals to the upper casing
hanger . The(Productiqn tubing string is suspended fromthe tubing hanger,
and t he Iwgield qfghetlpeantion oduced t hr ough the tubing. To suspend the production

tubi ng {goiy 'Fﬂ?in@%ﬁio?%&sl{iﬁs’;ﬁ%ﬁrﬂgg @H@H{Agge?@é}ﬁ?fn éﬂ}‘lﬁzhlap,ec‘o hangdedauahhi n the

wel | head and | ock IS necessary to prevent problens
wi t h t henethed forduevidins suthismeficarmt tapes kangomendiBeand porfiimation alytubing hhegski ng
operatigﬁﬁngake pl ace within the well head, there is no visible nmeans to
confirmthat the tubing hanger has properly landed within the well head. In
addition, there is no visible neans to confirmthat the tubing hanger has
| ocked %i BHsfPeseréptig pf Related Aft0004] In order to deternmine if the tubing
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hanger to the expected location within the wel|head. Then, t he prior art
enmbodi nmegpdsctgraipexianding theBussdapthyin treoredld kiees drilding sckserond depthithrgughethger to

t he wel hodi Lt o o B ki up on
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hanger bmna cdsmglbengeneAdackost scalmbetwaen dnaqutar idéanteteh pergion of the casing hanger and

the bore of the wellhead housing. Some wells have two or more strings of casing, each

supported by a casing hanger in the wellhead housing,

[0003] In one type of completion, a string of production tubing is lowered into the last string of
casing. A tubing hanger lands and seals to the upper casing hanger. The production tubing
string is suspended from the tubing hanger, and the well is then produced through the tubing. To
suspend the production tubing from the tubing hanger, the tubing hanger must be landed within
the wellhead and locked to the wellhead. This is necessary to prevent problems with the well
during subsequent operations. Because landing and locking operations take place within the
wellhead, there is no visible means to confirm that the tubing hanger has properly landed within
the wellhead. In addition, there is no visible means to confirm that the tubing hanger has locked

within the wellhead.

[0004] In order to determine if the tubing hanger has landed and locked, prior art embodiments
will run the tubing hanger to the expected location within the wellhead. Then, the prior art
embodiments perform the necessary procedures to lock the tubing hanger to the wellhead. The
embodiments then conduct an overpull, i.e. pulling up on the running string suspending the

tubing hanger running tool and the tubing hanger in the wellhead, to confirm that the tubing



hanger has | anded and | ocked within the well head. However, this is an

i npreci se neasurenent, and may provide a false indication of proper |anding
and |l ocking. This is possible where the tubing hanger dogs did not properly
engage the wel | head, causing the dogs to initially indicate proper |ocking
t hrough overarm but the dogs then noving fromthe properly engaged
position follow ng execution of the test. [0005] Another prior art nethod
to confirmtubi ng hanger |anding and tubi ng hanger | ocking involves
monitoring well fluids returning fromthe well to the operating rig. The
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in the \{%I?qaﬁ%%%eg{tﬁhgg?gggﬁe prior art running tools utilize a positive

| andi ng i ndicator to provide a positive indication of |anding on a hanger
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When the indicator stem moved axially upward in response to landing on the hanger, fluid
pressure would vent from the communication line. The venting of fluid pressure resulted in a
pressure drop in the communication line that was measured at the operating platform.
Unfortunately, this system was unable to provide an indication of landing and/or locking of the

hanger when performing the initial run-in of the hanger into the well.

[0007] An apparatus or mechanism that could provide a positive indication of landing of the
tubing hanger in the correct location is desirable. In addition, an apparatus or mechanism that
could provide a positive indication of proper locking of the tubing hanger to the wellhead is

desirable. Still further, an apparatus that could accomplish both operations is desirable.



[ 0009] In accordance with an enbodi nent of the present invention, a subsea
wel | head assenbly is disclosed. The subsea wel | head assenbly includes a
runni ng tool adapted to be secured to a running string being | owered froma
surface platformand a wel | head nenber rel casably coupled to the running
tool. The well head nenber will land within a subsea well head. At |east one
positive indicator assenbly is disposed within the well head nenber. The

i ndi cator assenbly has an indicator stemthat is adapted to nove relative
to the well head nenber when a specified function in the well head nenber
-occurs. A communication |i ing tool and extends

al ongsi de the running strlgg t AWeﬁ(alﬁﬂng)~r?3{r)§11\ﬁr§‘ﬁ@indication of novenent of

the indicator assenbly is transnltted t hrough the comunication line to the
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assenbl |ncIu es a pi pe hanger having an actuation sleeve that is axially
nmoveabl Bangeiolinding gppematien systeanand  Bbing henger dpeking /enfignation gxstemognd he pi pe
hanger . ng@gdﬁyggggﬂ%@&hpead assenbly also includes a running tool for
installing the pipe hanger within a subsea wellhead and axially noving the
actuation sleeve At | east one positive indicator assenbly i s disposed
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at a surface platform and a communication line extending between the positive indicator

assembly and the control unit. The control unit provides a fluid pressure thru the communication

line that changes when the indicator stem moves to the retracted position.

[0011] In accordance with yet another embodiment of the present invention, a method for
providing a positive indication of wellhead member setting is disclosed. The method begins by
providing at least one positive indicator assembly in the wellhead member. The indicator

assembly has an indicator stem that moves from an extended to a retracted position. Next, the
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100131 So that the manner in which the features, advantages and objects of
the invention, as well as others which will becone apparent, are attained,
and can be understood in nore detail, nore particul ar description of the
invention briefly sunmari zed above nmay be had by reference to the

enbodi nents thereof which are illustrated in the appended draw ngs t hat
forma part of this specification. It is to be noted, however, that the
drawings illustrate only a preferred enbodi nent of the invention and are
therefore not to be considered |limting of its scope as the invention may
admt to . i
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i1 1ustrabhmn AQf t] dt#%; Hanogk &Y LESRLT Q5 tgm of

Fi gure gb? git p?cﬁ%r?. eo&?gl gg[] % urte gﬁéfvsl a s}c)ﬂenatl?ccziﬁ?éﬁustratl on
of the pardingoel bé tubing hambernxg thfanfgeqct lowioncdnfaddlmtan,l the prejested randbodiFiegigr e 2

just af tp%viéieog B&&gfe indication of proper locking of the tubing hanger to the wellhead or tubing
hanger spool. Still further, the preferred embodiments provide a positive indication of both

landing and locking of the tubing hanger in the wellhead or tubing hanger spool.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT [ 00211 The present
invention wll now be described nore fully hereinafter with reference to

t he acconpanyi ng drawi ngs which illustrate enbodi nents 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 pri es simlar elenents in
al ternative enbodi nents. |88£§?ﬂﬁpTKﬁiofﬁ?ﬁzaﬁﬁgh ??CUSSIOH NuUer ous
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present invention. However, it be obvious to those skilled in the art
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menber is landed in a well head
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t ubi ng agﬂgggwﬁmggnmgmggﬁéﬂtgxﬂTub|ng hanger running tool 15 is suspended

froma running string Running string 17 may be suspended in an opening
in a rlﬂwfloor 19 by a test tree 35. Test tree 35 may %WH g &he fl ow of
fluid t HOSHgHEMER Pfé‘e%lﬁtt‘i Hystrption of 4 BREFFROLBF MM hgnges HK SHAR t h

t ubi ng Bangﬁglrunnlng tool 15 and ot her subsea devices. 100241 In the
illustrated enmbodinent, running string 17 includes adapters slick joints,
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at rig floor 19. A person of ordinary skill in the art wll understand that
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[ 0025] As shown in Figure 2, tubing hanger 11 may include at |east one
positive indicator assenbly, such as a landing confirmation assenbly 37,
and a | ocking confirmation assenbly 39. Locking comruni cation flow |ine 27
may be in fluid comrunication with | ocking confirmation assenbly 39, and

| andi ng conmmuni cation flow line 29 may be in fluid comunication with

| andi ng confirmati on assenbly 37. Tubing hanger 11 al so includes | ocking
menbers, such as | ocking dogs 41, and an actuation sl eeve 43. Tubi ng hanger
11 may be suspended by tubing hanger running tool 15 within well head

~assenbly 13. T“bbﬁgAﬂ§ﬁ95ES§%HﬁﬁM éﬁﬁfﬁggRgF%%@%%y BoPBGrmounted to a
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t he |IIwamnmﬁmymmghodmmﬁnbmlémnémMmahmhaddung confirmation assenbly flow
line 57 is proximate to the term nation of Ianding confirmation flow |line
29. O-ri i)y | el di r to the
rner i ORaf IS ikl e 6Bkt Syth il PTEHAL ol LRGSO 20 and
| andi ng selsnfarioraintemedists gorhis wnd hdapiels, pad 5?asnéy/etreomhatfmgjﬂ@brd@mﬁmnmat | on
wth ea t S
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bore 59 through a matching thread on the outer dianmeter of indicator
housi ng 61. | ndicator housing 61 may ﬁarry an o-ring seal 63 on the outer

di aneter of indicator housing 61 so t i ndi cat or housing 61 may seal to

i ndi cator bore 59. [0028] Indicator housing 61 will define a central
passage 65 through which an indicator stem 67 will pass. An outer dianeter
of indicator stem 67 may be substantially equal to the dianeter of centra
passage 65; however, a flat 68 nmay be machined on a portion of indicator
stem 67 so that fluid may fl ow through central passage 65 past indicator
stem 67. Indicator stem67 will define a downward facing shoul der 69 and an
upward facing shoul der 71. Downward facing shoul der 69 nay be adapted to



100291 Landi ng confirmation assenbly 37 may operate as descri bed bel ow.
Description of the novenent of tubing hanger 11 as a staged process

t hroughout the | anding operation is done for ease of explanation and
description. A person skilled in the art will understand that the running
and | andi ng of tubing hanger 11 within well head assenbly 13 may be a

rel atively continuous novenent process. Throughout the operation, high
pressure unit 31 may supply fluid pressure through | andi ng comuni cati on
flow line 29. Tubing hanger 11 will be run to a subsea Iocation Wi t hin
wel | heaq,.assenbl C at 4o facin fideQGage 51
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i ndi cator bore 79 at termnus 77 of |ocking indicator bore 79. A |ocking

i ndi cator stem83 will have an end pogitioned within spring 81 and define a
radially inward faci ng shoul der 85. An end of spring 81 opposite term nus
77 of locking indicator bore 79 will abut inward facing shoul der 85 so that
| ocki ng i ndicator stem 83 nmay conpress spring 81 against termnus 77 of

| ocking indicator bore 79. In the illustrated enbodi nent, at |east a
portion of |ocking indicator bore 79 is threaded so that an outer dianeter
of an indicator housing 87 may be threaded into |ocking indicator bore 79
through a natchlng thread on the outer dlaneter of indicator housing 87.
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[0034] Prior to |locking of tubing hanger 11 to well head assenbly 13, an end
of locking indicator stem83 will protrude beyond the outer dianmeter of
tubi ng hanger 11 in an extended position. After |anding of tubing hanger 11
on wel | head assenbly 13, actuation sleeve 43 will be noved downward by

t ubi ng hanger running tool 15. As a result, an end of actuation sleeve 43

w Il nove between tubing hanger 11 and | ocking dogs 41. This will urge

| ocking dogs 41 radially outward into engagenent with profile 47 of
wel | head assenbly 13. As actuation sleeve 43 anes radi al |y downward

bet ween [ eeve 43
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from the inner diameter surface of dog cage 51 to indicator bore 59. In the illustrated
embodiment, at least a portion of indicator bore 59 is threaded so that an outer diameter of an
indicator housing 61 may be threaded into indicator bore 59 through a matching thread on the
outer diameter of indicator housing 61. Indicator housing 61 may carry an o-ring seal 63 on the

outer diameter of indicator housing 61 so that indicator housing 61 may seal to indicator bore 59.

[0028] Indicator housing 61 will define a central passage 65 through which an indicator stem 67

will pass. An outer diameter of indicator stem 67 may be substantially equal to the diameter of




a running tool adapted to be secured to a running string being | owered from
a surface platform a wel | head nenber rel easably coupled to the running
tool for landing within a subsea wel | head; at | east one positive

i ndi cat or assenbly di sposed within the well head nmenber, the indicator
assenbly having an indicator stemthat is adapted to nove relative to the
wel | head nenber when a specified function in the well head nenber occurs;

and a communi cation line connected to the running tool and adapted to
extend al ongside the running string to the platform wherein an indication

of movenent of the_i.ndi cato sembly is transmitt .t h t
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indicator bore 59 formed at a junction of indicator bore 59 and landing confirmation assembly
flow line 57. Movement of indicator stem 67 through central passage 65 may cause spring 73 to
compress between upward facing shoulder 71 and shoulder 75 such that spring 73 will exert a
force on indicator stem 67, biasing indicator stem 67 to land downward facing shoulder 69 on
indicator housing 61 in an extended position. In this manner, spring 73 will cause shoulder 69 to
seal to the rim of indicator housing 61, preventing flow of fluid within landing communication v
lines 57, 29 through central passage 65 past flat 68. In addition, indicator stem 67 will have a
length such that an end of indicator stem 67 will protrude below shoulder 53 when shoulder 69
abuts the rim of indicator housing 61 in the extended position. The end of indicator stem 67
protruding below shoulder 53 may also include a taper to match any taper of landing shoulder 45

of wellhead assembly 13.

[0029] Landing confirmation assembly 37 may operate as described below. Description of the
movement of tubing hanger 11 as a staged process throughout the landing operation is done for
ease of explanation and description. A person skilled in the art will understand that the running
and landing of tubing hanger 11 within wellhead assembly 13 may be a relatively continuous
movement process. Throughout the operation, high pressure unit 31 may supply fluid pressure
through landing communication flow line 29. Tubing hanger 11 will be run to a subsea location
within wellhead assembly 13 such that downward facing shoulder 53 of dog cage 51 will be
axially above upward facing shoulder 45 of wellhead assembly 13. Downward facing shoulder
69 of indicator stem 67 will abut the upper rim of indicator housing 61 such that an end of
indicator stem 67 will protrude below downward facing shoulder 53 in the extended position as
shown in Figure 3. Tubing hanger 11 will be moved axially downward bringing the end of
indicator stem 67 proximate to upward facing shoulder 45. Further downward movement of
tubing hanger 11 relative to wellhead assembly 13 will cause the end of indicator stem 67 to

contact upward facing shoulder 45.



wherein the communication |line termnates at the end of the indicator bore
for providing communi cation between the positive indicator assenbly and the
platform 3. The subsea wel | head assenbly of Caim2, wherein: during
setting of the well head nenber, the indicator stem noves fromthe extended
position to the retracted position, conpressing the spring in response to
the specified function being .perfornmed, causing a pressure change in the
i ndi cat or bore and the comrunication |ine; and a control unit adapted to
be located on the platformin comrunication with the comunication |line for
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cage 51. Gap 54 be any suitable size such that fluid may flow from indicator bore 59 through

gap 54. As a result, indicator stem 67 will move into indicator housing 61 into a retracted
position. This will force the opposite end of indicator stem 67 toward landing confirmation
assembly flow line 57 such that shoulder 69 is no longer in contact with the upper rim of
indicator housing 61. This will cause a decrease in pressure in landing confirmation assembly
flow line 57, and consequently landing communication flow line 29 as fluid vents past indicator
stem 67 and through indicator housing 61. This pressure decrease will be read by high pressure
unit 31. High pressure unit 31 will then provide an indication to an operator of the decrease in
pressure through control unit 33, notifying the operator of a successful landing of tubing hanger

1.

[0031] In an alternative embodiment, dog cage 51 may support tubing hanger 11 within wellhead
assembly 13. In these embodiments, landing ring 46 may not be mounted to tubing hanger 11.
Instead, dog cage 51 will be mounted to tubing hanger 11 such that dog cage 51 may support the
weight of tubing hanger 11 and tubing string 49 within wellhead assembly 13. As shown in
Figure 4A, downward facing shoulder 53 of dog cage 51 will land on and abut upward facing
shoulder 45 of wellhead assembly 13. As described above with respect to Figure 3 and Figure 4,
indicator stem 67 may move into indicator housing 61, opening indicator housing passage 65 for
flow of fluid from landing confirmation assembly flow line 57 through passage 65. Indicator
housing 61 and dog cage 51 may include a venting port 56 extending from passage 65 to an
exterior of dog cage 51 proximate to the inner diameter of wellhead assembly 13. Thus, when
upward facing shoulder 45 and downward facing shoulder 53 abut, landing confirmation
assembly flow line 57 may vent through venting port 56 to provide a positive indication of

landing.

[0032] Referring now to Figure 5, locking confirmation assembly 39 is disposed within a locking
indicator bore 79, proximate to an end of actuation sleeve 43 and locking dog 41. Locking
indicator bore 79 will be formed in a sidewall of tubing hanger 11 and extend radially inward

from an outer diameter of tubing hanger 11, terminating at a terminus 77 just past an end of

10



the specified function conprises |anding the well head nmenber

in the subsea

wel | head; and wherein the indicator stem noves froman extended position

to a retracted position when contacting a |anding shoulder in

wel | head. 6. The subsea wel | head assenbly of Claim1l, wherein

specified function conprises noving an actuation sleeve of th

t he subsea
t he
e wel | head

menber to a set position; and wherein the indicator stem noves from an

extended position to a retracted position when contacted by t
sl eeve. 7. The subsea wel | head assenbly of Claim1, wherein:

he actuation
when t he

speci fi ggck{ C%;lle iSP vrvlhse§7 | gngrln 81 wﬁl We;!olsig1 vglﬁﬁg%rc]tqhg 1ndtyz=ito§ ngéea

wel | hea e I 'ndi cat or em nov rom an

o aretracted
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Locking confirmation flow line 27 may communicate with locking indicator bore 79 at terminus

77 of locking indicator bore 79. A locking indicator stem 83 will have an end positioned within

spring 81 and define a radially inward facing shoulder 85. An end of spring 81 opposite

terminus 77 of locking indicator bore 79 will abut inward facing shoulder 85 so that locking

indicator stem 83 may compress spring 81 against terminus 77 of locking indicator bore 79. In

the illustrated embodiment, at least a portion of locking indicator bore 79 is threaded so that an

outer diameter of an indicator housing 87 may be threaded into locking indicator bore

79 through

a matching thread on the outer diameter of indicator housing 87. Indicator housing 87 may carry

an o-ring seal 93 on the outer diameter of indicator housing 87 so that indicator housing 87 may

seal to locking indicator bore 79. An outer diameter of indicator stem 83 may be substantially

equal to the diameter of central passage 89; however, a flat 84 may be machined on a portion of

indicator stem 83 so that fluid may flow through central passage 89 past indicator stem 83.

[0033] Movement of indicator stem 83 through central passage 89 may cause spring 81 to

compress between shoulder 85 and terminus 77 such that spring 81 will exert a force on indicator

stem 83 biasing indicator stem 83 to land shoulder 91 on indicator housing 87. In this manner,

spring 81 will cause shoulder 91 to seal to the rim of indicator housing 87, preventing flow of

fluid within locking communication line 27 out of central passage 89 past flat 84. In addition,

indicator stem 83 will have a length such that an end of indicator stem 83 will protrude beyond

the outer diameter of tubing hanger 11 when shoulder 91 abuts the rim of indicator housing 87 in

a extended position. The end of indicator stem 83 protruding beyond the outer diameter of

tubing hanger 11 may also include a taper to match any taper of actuation sleeve 43 of tubing

hanger 11.

[0034] Prior to locking of tubing hanger 11 to wellhead assembly 13, an end of locking indicator

stem 83 will protrude beyond the outer diameter of tubing hanger 11 in an extended position.

After landing of tubing hanger 11 on wellhead assembly 13, actuation sleeve 43 will be moved

downward by tubing hanger running tool 15. As a result, an end of actuation sleeve 43 will

move between tubing hanger 11 and locking dogs 41. This will urge locking dogs

41 radially

outward into engagement with profile 47 of wellhead assembly 13. As actuation sleeve 43

11



when the specified function conprises noving an actuation sleeve of the
wel | head nenber to a set position, the indicator stem noves form an
extende4 position to a retracted position when contacted by the actuation

sl eeve. 8. The subsea wel | head assenbly of Claim1, further conprising:

a control unit adapted to be | ocated on the platformand connected to the
conmuni cation |ine; the control unit having a pressure source for
applying a fluid pressure in the comunication |ine to the indicator stem
and novenent of the indicator stemwhen the specified function occurs
causes t a n n subsea
wel | hea g\éeg ééfﬁoﬂ?p‘{" %ngiebn%k‘%eh\?\ﬁn gé%%}h@ EEntquCIJlds,g[ &gg B, a% éntd Of acma d)%c at or

assenbl yslemcrﬁif wikene di@ndi g tpoebittc ond of h)dkmahldrcaas siemeB yReifeatngdeF otes when

the well

assenbl y(%] ot tr{f%rg[% ?evg‘wg co}lt Eshglo lla)bﬁl%ﬁe%ﬁiwae} eex% glbﬁ)r%Sha\the\f{”eH gl

lockmg dogs 41, actuation sleeve 43 w111 force locking 1ndlcator stem 83 radially inward into a -

retracted position. This will cause the opposite end of locking indicator stem 83 to move toward
the terminus of locking indicator bore 79, allowing fluid in locking indicator bore 79 to flow past
indicator stem 83 at flat 84. This will cause a decrease in pressure in locking communication
flow line 27. This pressure decrease will be read by high pressure unit 31. High pressure unit 31
will then provide a indication to an operator of the decrease in pressure through control unit 33,

notifying the operator of a successful locking of tubing hanger 11 to wellhead assembly 13.

[0035] Accordingly, the disclosed embodiments provide numerous advantages. For example, -
the disclosed embodiments provide a means to determine a successful landing of a tubing hanger
in tubing hanger spools, subsea trees, or wellheads. In addition, the disclosed embodiments
provide a means to determine whether the tubing hanger has properly locked to the tubing hanger
spool, subsea tree or wellhead. Furthermore, the disclosed embodiments provide a means to
determine whether the tubing hanger has properly landed and locked to the tubing hanger spool,

subsea tree, or wellhead.

[0036] 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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10. A subsea wel | head assenbly, conprising: a pi pe hanger having an
actuation sleeve that is axially noveable froman upper to a | ower position

relative to an axis of the pipe hanger; a running tool for installing
t he pi pe hanger within a subsea well head and axially noving the actuation
sl eeve,; at | east one positive indicator assenbly disposed within the

pi pe hanger, the indicator assenbly having an indicator stemthat noves
froman extended position to a retracted position when the actuation sl eeve
noves t owiHagis bieiey igosi tion; a control unit adapted to be located at a
surface platform and a conmuni cation |ine extending between the

posi ti veli ndi £ afbeda vasiedisymblptoldpdsisg@nt rol unit, the control unit
providing a fluid pressure thru the conmunication |ine that changes when

t he i ndi cat ora mhng tvol adpted td besccatd act athning Siringdring Idwerdh fomubsefacavel | head
assenbl y ofmg%ggjn 10, wherein the at | east one positive indicator assenbly
conpri ses: ’

a wellhead member releasably coupled to the running tool for landing within a subsea |

wellhead;

at least one positive indicator assembly disposed within the wellhead member, the
indicator assembly having an indicator stem that is adapted to move relative to the wellhead

member when a specified function in the wellhead member occurs; and

a communication line connected to the running tool and adapted to extend alongside the
running string to the platform, wherein an indication of movement of the indicator assembly

is transmitted through the communication line to the platform.

2. The subsea wellhead assembly of Claim 1, wherein the at least one positive indicator

assembly comprises:
an indicator housing secured within an indicator bore of the wellhead member;

the indicator stem being positioned within the indicator housing so that the indicator stem

may move from an extended position to a retracted position within the indicator housing;

a spring interposed between an end of the indicator bore and a first shoulder of the

indicator stem, the spring biasing the indicator stem to the extended position; and

wherein the communication line terminates at the end of the indicator bore for providing

communication between the positive indicator assembly and the platform.

3. The subsea wellhead assembly of Claim 2, wherein:

during setting of the wellhead member, the indicator stem moves from the extended

position to the retracted position, compressing the spring in response to the specified function

13



an indicator housing secured within an indicator bore of the pipe hanger;
~an indicator stempositioned within the indicator housing so that the

i ndi cator stem may nove from an extended position to a retracted position
wi thin the indicator housing; a spring interposed between an end of the
i ndi cator bore and a first shoulder of the indicator stem the spring

bi asing the indicator stemto the extended position; and wherei n the
communi cation line termnates at the end of the indicator bore for

providi ng t*b@ig%}p&f&m@d,%@ﬁ&fgea bi@sstitechiukpdiif WeOidiSiteMbore Rt the REBmEMBBS®N
wel | head asie. of Caim10, wherein fluid pressure within the
comuni cat i dA%PPhe vents out of the |line causing a pressure drop in the

communi cation lin en the jindicator  ste ves to the retr.acte osi tion.
o e aubaed baioh sk adatfed B b6 3hcblep S Re DGRy B ROVmATCAlag \ith BRr' Lo
noveabl e | ockmgnicatinbtine fanckadioy e pesdureodhatgdedn detcamtrivoicatih didw én tesponkeetol ower
posi tion pushes tt('u mnber into engagenent with a profile in the

e. | ocki
subsea wel | 'ng%{p%]s%%iﬁ%lpgl?gg ster,

4, The subsea wellhead assembly of Claim 2, wherein the indicator stem further comprises a
second shoulder that seals the indicator stem to the indicator housing when the indicator stem is

in the extended position.

5. The subsea wellhead assembly of Claim 1, wherein:

the specified function comprises landing the wellhead member in the subsea wellhead;

and

wherein the indicator stem moves from an extended position to a retracted position when

contacting a landing shoulder in the subsea wellhead.

6. The subsea wellhead assembly of Claim 1, wherein:
the specified function comprises moving an actuation sleeve of the wellhead member to a
set position; and
wherein the indicator stem moves from an extended position to a retracted position when

contacted by the actuation sleeve.

7. The subsea wellhead assembly of Claim 1, wherein:

when the specified function comprises landing the wellhead member in the subsea
wellhead, the indicator stem moves from an extended position to a retracted position when

contacting a landing shoulder in the subsea wellhead; and
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14. The subsea wel | head assenbly of Caim 13, further conprising: a
second positive indicator assenbly, the second positive indicator assenbly
having a second indicator stem the indicator stemnoving axially during

| andi ng of the pipe hanger; and a second comuni cation |ine extending
fromthe second positive indicator assenbly to the control unit, which
provides fluid pressure through the second communi cation line to the
second positive indicator assenbly that changes when the second i ndi cator

stem noves axighl e spRifdd"BhRH c_fog,gaa:@ Ridviengh BerRARh e bPIE Ak Of
wel | head nenber setting, conprising: (a)” providing at_ | east one positive
i ndi cat or dR&bEbioy sehpastiienaibe indisafer fiewawies fowpan erdended pasition deaitipctadvi ng an

i ndi cat or shghed Wikh BRYES Hy' R BcaRisdended to a retracted position; (b)
provi ding a communi cation I'i ne between the positive indicator assenbly and

a surface platform
8. The subsea wellhead assembly of Claim 1, further comprising:
a confrol unit adapted to be located on the platform and connected to the communication
line;
the control unit having a pressure source for applying a fluid pressure in the

communication line to the indicator stem; and

movement of the indicator stem when the specified function occurs causes the fluid

pressure in the communication line to vent,

9. The subsea wellhead assembly of Claim 1, wherein the at least one positive indicator
assembly comprises a landing positive indicator assembly that detects when the wellhead
member lands in the wellhead and a setting positive indicator assembly that detects when the

wellhead member locks to the wellhead.

10. A subsea wellhead assembly, comprising:

a pipe hanger having an actuation sleeve that is axially moveable from an upper to a

lower position relative to an axis of the pipe hanger;

a running tool for installing the pipe hanger within a subsea wellhead and axially moving

the actuation sleeve;

at least one positive indicator assembly disposed within the pipe hanger, the indicator
assembly having an indicator stem that moves from an extended position to a retracted

position when the actuation sleeve moves to the lower position;

a control unit adapted to be located at a surface platform; and
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(c) running the well head nenber on a running tool to a predeterm ned

| ocation within a well head,; (d) performng a specified function with the
wel | head nmenber; then (e) in response to the specified function, causing
the indicator stemto nove to the retracted position; and (f)

transmtting an indication through the conmunication line that the
I ndi cator stem has noved to the retracted position. 16. The nethod of Caim
15, wherein step (e) conprises: venting fluid pressure in the conmmrunication

line; and det e&deﬂﬁuxﬁcaﬁ@ﬁ‘:ﬂeteﬁ%dx%ﬁ‘e?@é%Qhe%o?xlﬁvé ﬂdfc‘&i@r é‘sEb‘iﬂHWéxﬁi%é Bohubl Ne at

the surface platform 17 Clai m 15,
: unit, the control unit providing a fluid pressure thru the commumcatlon line that changes

when the indicator stem moves to the retracted position.

11.-  The subsea wellhead assembly of Claim 10, wherein the at least one positive indicator
assembly comprises:
an indicator housing secured within an indicator bore of the pipe hanger;
an indicator stem positioned within the indicator housing so that the indicator stem may
move from an extended position to-a retracted position within the indicator housing;
a spring interposed between an end of the indicator bore and a first shoulder of the

indicator stem, the spring biasing the indicator stem to-the extended position; and

wherein the communication line terminates at the end of the indicator bore for providing

the fluid pressure to the indicator stem.

12, The subsea wellhead assembly of Claim 10, wherein fluid pressure within the
communication line vents out of the line causing a pressure drop in the communication line when

the indicator stem moves to the retracted position.

13, The subsea wellhead assembly of Claim 10, wherein the pipe hanger has a moveable
Jocking member and movement of the actuation sleeve to the lower position pushes the locking

member into engagement with a profile in the subsea wellhead assembly.

14, The subsea wellhead assembly of Claim 13, further comprising:

a second positive indicator assembly, the second positive indicator assembly having a
second indicator stem, the indicator stem moving axially during landing of the pipe hanger;

and

a second communication line extending from the second positive indicator assembly to

the control unit, which provides fluid pressure through the second communication line to the

16



step (d) conprises noving an actuation sleeve of the well head nmenber
axially downward to urge a | ocking nenber of the well head nenber radially
outward into engagenent with a profile in the well head; and step (e)
conprises noving the indicator stemto the retracted position in response
to contact of an end of the indicator stemw th the actuation sl eeve.

18. The nethod of O aim 15, wherein: step (d) conprises |anding a dowward
faci ng shoul der of the well head nenber on an upward facing shoul der of the
wel | head; ~a@8nd positifePindRatof QIBRLIF Gat TRMIBI whilf the N dnatiRdicatd:Cih Indvag
retracted position In response to contagt of an end of t%e i ndi cator stem
with the uﬁﬁﬁpﬂ facing shoul der of the well head. 19. The nethod of C aim 15,
wher ei n: step (a) conprises providing a landing and a setting positive

i ndi cat or assenbly, each having an indicator stem

15. .. A method for providing a positive indication of wellhead member setting, comprising:

(a) providing at least one positive indicator assembly in the wellhead member, the

indicator assembly having an indicator stem that moves from an extended to a retracted
position;
(b) providing a communication line between the positive indicator assembly and a surface

platform;

(¢) running the wellhead member on a running tool to a predetermined location within a

wellhead;
(d) performing a specified function with the wellhead member; then

(e) in response to the specified function, causing the indicator stem to move to the

retracted position; and

() transmitting an indication through the communication line that the indicator stem has

moved to the retracted position.

16.  The method of Claim 15, wherein step (e) comprises:
venting fluid pressure in the communication line; and

detecting a resultant pressure drop in the communication line at the surface platform.,

17.  The method of Claim 15, wherein:

step (d) comprises moving an actuation sleeve of the wellhead member axially downward
to urge a locking member of the wellhead member radially outward into engagement with a

profile in the wellhead; and

step (e) comprises moving the indicator stem to the retracted position in response to

contact of an end of the indicator stem with the actuation sleeve.
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step (d) conprises |anding a dowmmward faci ng shoul der of the well head
menber on an upward faci ng shoul der of the well head, and noving an
actuation sl eeve of the well head nenber axially downward to urge a | ocking
menber of the well head nenber radially outward i nto engagenent with a
profile in the well head; and step (e) conprises noving the indicator
stem of the landing positive indicator assenbly to the retracted position
in response to contact of an end of the indicator stemw th the upward

faci ng Sh?§|defmﬂﬁa%ﬁ%fﬁﬁhﬁ?§%ﬂ ﬁnd novi ng the indicator stem of the

| ocki ng positive I ndicator asse to the retracted position in response

to contact of qg gﬁgonq;nsésh%)d'u%dd WnW’ax(ﬁiﬁﬁﬂg Wiohldet Srah@GbNREd fBmBaRVA Of the
wel | head nmenber . of G aim15, wherein step (d) further
conprises sUpPrdifiepershenids pftewellheads 84 he cormmuni cation flow line prior to
perform ng the specified fung tlca1 o, » _

step (e) comprises moving the indicator stem to the retracted position in response to

contact of an end of the indicator stem with the upward facing shoulder of the wellhead.

19.  The method of Claim: 15, wherein: .

step (a) comprises providing a landing and a setting positive indicator assembly, each

having an indicator stem;

step (d) comprises landing a downward facing shoulder of the wellhead member on an
upward facing shoulder of the wellhead, and moving an actuation sleeve of the wellhead
member axially downward to urge a locking member of the wellhead member radially

outward into engagement with a profile in the wellbead; and

step (¢) comprises moving the indicator stem of the landing positive indicator assembly
to the retracted position in response to contact of an end of the indicator stem with the
upward facing shoulder of the wellhead, and moving the indicator stem of the locking
positive indicator assembly to the retracted position in response to contact of an end of the

indicator stem with the actuation sleeve of the wellhead member,

20.  The method of Claim 15, wherein step (d) further comprises supplying fluid pressure to

the communication flow line prior to performing the specified function.
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