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The present g@ypizsson rel ates generally to operations pergdiqiseslizen
conjunction with a subterranean well and, in an enbodi nent descri bed

herein, nore particularly provides a nethed and apparatus for downhol e
retrieval of data, nonitoring and tool actuation. 10 BACKGROUND It is
usually the case that a tubular string is Installed in a subterranean well
with one or nore itens of equipnment Interconnected In the tubular string.
Thereafter, a tool conveyed Into the tubular string may be positioned
relative to the itemof 15 equi pnent, engaged with the Item of equi pnent
and/or utilized to actuate the item of equi pnent, etc. WO 01/ 18357

PCT/ US00/ 23722 -2 In the past, various nechanisns and net hods have been
utilized for positioning a tool relative to an itemof equipnent in a
tubul ar string, for engaging the tool with the itemof, equipnent and for
utilizing the tool to actuate the item of equipnent. For 5 exanple, where
the itemof equipnent is a sliding sleeve-type valve,

METHODS AND ASSOCIATED APPARATUS FOR DOWNHOLE DATA
RETRIEVAL, MONITORING AND TOOL ACTUATION

TECHNICAL FIELD
5 The present invention relates generaliv to operations
performed in conjunction with a subterranean well and, in an
embodiment described herein, more particularly provides a method
and apparatus for downhole retrieval of data, monitoring and tool
actuation. |

10 ' BACI_(GROUND
It is usually the case that.a tubular str;ing is installed in a
subterranean well with one or more items of equipment
“interconnected in the tubular string. Thereafter, a tool conveyed
into the tubular string may be positioned relative to the item of
15 equipment, engaged with the Item of equipment and/or utilized to

actuate the item of equipment, etc.



a shifting tool is typically conveyed on wireline, slickline or coiled
tubing into the valve. and engaged with the sliding sleeve. An operator is

aware thatwiowmnsssyfting tool is properly positioned relmirwsossd he val ve -
due to the engagenent therebetween, as 10 confirnmed by the application of
force to the shifting tool. The shifw#2rg tool may be configured so that it
operatively engages only the desired sliding sleeve, out of nultiple Itens
of equipnent installed in the tubular string, by equipping the shifting

tool with a parthctherpast] wiridusy methahisits dasd amethbd8s EAODeEH ¥ 2
particular 15 profile formed in the desired sliding sleeve. Unfortunately,
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engagi ng and actuating tools are needed.
tubing into the valve and engaged with the sliding sleeve. An

operator is aware that the shifting tool is properly positioned
relative to the valve due to the engagement therebetween, as
10 confirmed by the application of force to the shifting tool. The
shifting tool may be configured so that it operatively engages only
the desired sliding sleeve, out of muitiple items of equipment
installed in the tubular string, by equipping the shifting tool with a
particular set of keys or lugs designed to engage only a particular

15 profile formed in the desired sliding sleeve.

Unfortunately, it is often the case that the operator is not able
to positively determine whether the shifting tool is properly
engaged with the desired sliding sleeve, such as when the well is
highly deviated. Additionally, the operator may not accurately know

20 ihformation which would aid in performance of the task of shifting
the sleeve. For example, the operator might not know that an
excessive pressure differential exists across the sleeve, or the

operator might attempt to shift the sieeve to its fully open position



5 Many operations in wells would be enhanced if comunication were
permtted between an item of equipnent installed in a tubular string and a

tool conveygh dikss;t he string. For exanple, if a valve TARbGD
communicate its 1dentity to a shifting tool, an accurate eterm nation

could be made as to.whether the tool shogl.d be 10 engaged with the valve.
If. a valve was able to comunicate to the tool data indicative of pressure
applied to a closure nenber of the valve, such as a sliding sleeve,
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for exanple, to be able to nonitor the status 20 of a packer seal el enent

in order to dét the its remai ning useful service life, or to be able to
nonitor the strain, pressure, etc. applied to a portion of the tubular
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actuation. SU
string and a tool conveyed into the string. For example, if a valve

was able to communicate its identity to a shifting tool, an accurate
determination could be made as to whether the tool should be
10 engaged with the valve. If a valve was able to communicate to the
tool data indicative of pressure applied to a closure member of the
valve, such as a sliding sleeve, a determination could be made as to
‘whether the tool should displace the closure member, or to what

position the closure member should be displaced.

15 Improved communication methods would also permit
| monito:'ring of items of equipment In a well. In one application, a
tool conveyed into a tubular string could collect data relating to the
status of various items of equipment installed in the tubular string.

It would be desirable, for example, to be able to monitor the status

20 of a packer seal element in order to determine its remaining useful
| service life, or to be able to monitor the strain, pressure, etc. applied

to a portion of the tubular string, etc.



5 1n carrying out the principles of the present invention, in accordance
with an enbodi nent thereof, a systemfor facilitating downhole

comruni catg@pfaeimeen an item of equi pnment installed i wecausesstaar string -
and a tool conveyed into the tubular string is provided. Associated

met hods of facilitating such downhol e-40 conmuni cation are al so provided,
as well as applications in which the downhole comunication Is utilized
for data retrieval, nonitoring and tool actuation. In one aspect of the

present inventi orhetéfordofronetite foregoingcitmay beyseearthat it waerd def i r st
communi cation device 15 associated with the Item of equi prent and a second

comuni cat | opgRAY KBPaNBRYesRSttd Prévide! PADFoVEUTTHEEHYS Aid HpapatRst abl i shed

bet ween the dévices when the device in the tool is brought Into

suf fi ci ent|yegil sign R RXistalrbehiBvaIndHité i 8RAYEoRheKao L he |t em of

equi pnent . in anot her aspect of t present 1nvention, the tool supplies
power to the first device. Such provision of power by the tool may enable
the first device to communicate with the second device. In WD 01/ 18357

PCT/ LJS00/ 23722 -5 this manner, tg@“@@ﬂf& devi ce does not need to be
continuously powered. The first dewvi X/ however, be maintained in a
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~accordance with an embodiment thereof, a svstem for facilitating
downhole communication between an item of equipment installed
in a tubular string and a tool éonveved into the tubular string is
provided. Associated methods of facilitating such downhole
10 communication are also provided, as well as applications in which

the downhole communication is' utilized for data retrieval,

monitoring and tool actuation. -

In one aspect of the present invention, the downhole
communication system includes a first communication device

15 associated with the item of equipment and a second communication
device included in the tool. Communication may be established
between the devices when the device in the tool is brought into

sufficiently close proximity to the device associated with the item of
equipment.
20 in another aspect of the present invention, the tool supplies

power to the first device. Such provision Of.DOWEI‘ by the tool may

enable the first device to communicate with the second device. In



5 conmuni cati on between the first and second devices may be by any of a
vari ety of neans. For exanple, electronmagnetic waves, inductive coupling,
pressure pukg®fyisshyr ect el ectrical contact, etc. may be ygqsisedid92
comuni cation neans nmay also be the neans by whi.ch power is supplied to
the first device. 10 in still another aspect of the present invention,
communi cati on between the devices nmay be used to control operation of t he
tool. For exanple, where the itemof equipnment is a valve and the tool is

a shifting toghid %an%érp'ﬁ?él Hrsf ddwiee! do R nefd td'%e ohtinuo sly,

communi cati on between th rst and second devices 15 may be use
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communi cati on between the devices indicates that the tool is appropriately
positioned rel ativim t get hanotker ohspenti poenthe i ipresénenvediticis peie of the
present invention, comunication between the devices my be used to

noni tor a st aldenpluniction b&%eﬂ@h@ﬁi%@%ﬁa d%%hbT@é\ﬂégs"’ﬁ?a?v be 5 prrent .

For exanple, the first device nay be connected sensor, as a

pressure Ssenseys, a@}wnoga% a hﬁé mﬁ@sg{%trangaﬁ&ibowﬁgsor

etc., and may transmt data regard| ng t
inductive coupling, pressure puises, direct electrical contact, etc.

may be used. The communication means may also be the means by

which power is supplied to the first device.

10 In still another aspect of the present invention,
communication between the devices may be used to control
operation of the tool. For example, where the item of equipment is
a valve and the tool is a shifting tool for displacing a closure member
of the valve, communication between the first and second devices

15 may be used to determine whether an excessive pressure
differential exists across the closure member. This determination
may then be utilized to control the displacement of the closure
member by the tool. | As another example, the tool may not be
permitted to engage the item of equipment until the

20 communication between the devices indicates that the tool is

- appropriately positioned relative to the item of equipment.

in yet another aspect of the present invention, communication

between the devices may be used to monitor a status of the item of



the second device. 5 These and ot her features, advantages, benefits and
objects of the present invention will becone apparent to one of ordinary
skill I nwheydséy upon careful consideration of the detactmdeogdsari ption of
representative enbodi nents of the invention hereinbel ow and the

acconpanyi ng draw ngs. 10 BRI EF DESCRI®&I1 ON OF THE DRAWNGS FIG | is a
schematic partially cross-sectional view of a first apparatus and nethod .
enbodying principles of the present invention; FIG 2 |Is a schematic

partially crgag tl Opal exafvpie] tie FREE Rfévided ntepBeatormevtddnes hod
enbodyi ng pri nC|pp es of the msent invention; FIG 3 is a schematic

part i al Y CranSos Shich Ui ptpalirg Seedr! hraltPBaige 5 nafth e sedopbody  ng

principles o esen nvent 1 on,; 'S a schematic partially
cross-sectional .yiew of ur, | princi pl es
of the pres&?"“ﬁﬁ@gﬁ?&%ﬁ;é‘%@%@/'ﬁ@@%’%@# P%E%B%%ﬁ@@g %HQQQEEEQOSA&B are
schematic partiall \é cro%s-.sect ilonal views of a fifth apparatus and net hod
enbodyi ng prihesesPBd VI present i nventi on;
5 These and other features, advantages, benefits and objects of
the present invention will become apparent to one of ordinary skill
in the art upon careful consideration of the detailed description of

representative embodiments of the invention hereinbelow and the

accompanying drawings.

10 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic partially cross-sectional view of a first

apparatus and method embodying principles of the present
invention;

FIG. 2 is a schematic partially cross-sectional view of a second

15 apparatus and niethod embodying principles of the present

invention;

FIG. 3 is a scherhatic partially cross-sectional view of a third
apparatus and method embodying principles of the present
invention;

20 FIG. 4 is a schematic partially cross-sectional view of a fourth
apparatus and method embodviné principles of the present

invention;



FIG 6 is a schematic partially cross-sectional view of a sixth 5
appar at us and net hod enbodyi ng principles of the present invention;, FIG .7

I's an enl ar ggsloftfzad;e schematic partially cross-sectional pHraWaiis7 port i on
of the sixth apparatus of FIG 6; and FIG 8 is a schematic partla
cross-sectional view of a seventh 10 apparatus and net hod enbodyi ng

princi ples of the present invention. DETAI LED DESCRI PTI ON Representatively
and schematically Illustrated in FIG | is a nethod 10 which enmbodies

principles of the pfgsseNgs Arechematid paFéiaWecrfo@é S dlhl Mews 9%‘9“ of

the nethod 10 and ot her apparat us and net hods descri bed herein, directional

terns, such asiffb or
conveni ence in rgf gﬁrﬁrg?pr? tus %“f#éeté‘é*c%%gé?f%ﬁé@gﬁ@m@s. o&d@ﬁ?l@%ﬁ?’l‘é it is
to be under stﬁﬁg “ﬂgﬁ; the various enbodi nents of the present |Invention
descri bed 20 & y be utilized In various orientations, such as

ve out departl ng fromthe

I nclined, inverte r.i zont al rti th
principles of the gﬁce?érﬁ 3 shematq. P %@%‘i’/ ‘.’E@?Q’?e&.'ﬁﬂﬁlsmﬁzﬂ SIXEh t he
met hod 10, a service tool 12 is conveyed into a tubular string 14 and
engaged wi th APRaratHSranduMstbed #mpadying s prinsiries offiethed Arasent
string. As representatively illustrated in FIG 1, the valve 16 is a
sliding sl eevdnVEMEONAl ve and the tool 12 is utilized to
FIG. 7 is an enlarged scale schematic partially cross-sectional
~ view of a portion of the sixth apparatus of FIG. 6; and

FIG. 8 is a schematic partially cross-sectional view of a seventh
10 apparatus and method embodying principles of the present
~ invention.

DETAILED DESCRIPTION
Representatively and schematically illustrated in FIG. 1 is a

me_tho:d 10 which embodies principles of the present invention. in
15 the following description of the method 10 and other apparatus and
methods described herein, directional terms, such as “above”,
"below", “up_pér", “lower”, etc., are used for convenience in referring
to-the at:companving drawings. Additionally, it is to be understood
that the various embodiments of the present invention described
20 herein may be utilized in various qrientations, such as inclined,
inverted, horizontal, vertical, etc.,, without departing from the

principles of the present invention.



5 displace a closure. menber or sleeve 18 of the valve relative to a

housing 20 of the valve to thereby permt or prevent fluid flow through
one or NDRgoRRBEMNGS 22 forned through a sidewal |l of thectisesgsmg. However;
It Is to be clearly understood that a nmethod incorporating principles of
the present invention may be perforned8i0 with other itens of equi pnent and
ot her types of valves, and with other types of service tools. The sleeve .
18 of the representatively illustrated valve 16 has three positions

relative to the fipyséEetidd ho, Aikervteted] N2 toaveydd intecatubelar 18 as
depicted in FIG 1, the sleeve conpletely prevents 15 fluid flow through

the openi ng &gl 't ia ShiGAGed Quith, ShSRbACEH cHONANEhY o alven 6ol ativel y

snmal | di amet’er penlng 24 T orme through a sidewall of the sleeve is
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differential across the si eeve and i g d to reduce this_pressure
di f f er ent al disPlage A ClQstie HHemberyQ g eeé’iagﬁ ﬁé‘af %@ssure

differential. If the sleeve 18 Is WD 01/18357 PCT/lJSOO/23722 -9 di spl aced
further upvveinmlllgmgrﬂﬂ lof ke alveo bR ihegeny RESFME LT Prevenh fiuid Jowey e '

sidewal | is aligned with the opening 22 in the housing 20, the sleeve is
in an open pitheoughroneionimore ppeningssl3 formed through a sidewall of the

housing. However, it is to be clearly understood that a method
incorporating principles of the present invention may be performed
10 with other items of equipment and other types of valves, and with

other types of service tools.

The sleeve 18 of the representatively illustrated valvg 16 has
three positions relative to the housing 20. In the closed position of
the sleeve 18 as depicted in FIG. 1, the sleeve completely prevents

15 fluid flow through the opening 22. If the sleeve 18 is displaced
upwardly until a relatively small diameter opening 24 formed
through a sidewall of the sleeve is aligned with the opening 22 in the
housing 20, the sleeve is in an equalizing position in which limited
fluid flow is permitted through the opening 22. The equalizing

20 position of the sleeve 18 is typically utilized in this type of vaive
when there is an excessive pressure differential across the sleeve and
it is desired to reduce this pressure differential without eroding or

damaging seals resisting the pressure differential. If the sleeve 18 is



unrestricted fluid flowis permtted through the opening 22. O 5 course,
It Is not necessary in keeping with the principles of the present

i nvention fgjofysiksdsve or other Item of equipnent to have gdcifrsifsizid ons
representatively described above and depicted in'FIG 1. The tool 12 is
utilized to displace the sleeve 18 betwegrn the 10 closed, equalizing and
open positions as needed to control fluid flow through the opening 22. In
order to secure the tool 12 relative to the housing 20, the tool is

provided with gsa6éd "RIRhERIBPWERElY GRAPCAfotHetIDpeMiNs - 28" FhPired?8
configured for cooperative engagerrevnt wth a profi Ipe 30 Internaﬁ%y f or med

in the housin r : G U s he,: ti t he
val ve 16, ot hgpr&%&eg%o?'ggﬁg%degnvgﬁﬁq%#ggre ? g’rlltgpg#ﬁégrp %@/bgsé%ﬁnpﬁ‘o [ : es f
may be utili ' e t Q. wtho eparting.fro he princi ples o
th)é pr esent |i@gﬁlrﬁ3#&ﬁw§ F'gg}’&ﬁ 'ﬁq éa %‘éﬁuﬁ@é&'@ﬁgéﬁ;éﬂﬂﬁ‘ ﬁ@%&?% or dogs
32 for 20 engaging.th | eeve 18. The dogs .32 permt application of an
upwar dl y or dMﬁﬁW?gdﬁV%fo%r%m'Fﬁ% ttHEOE%IthPZ gNing 22| Qfe 18
for displacenent of the sleeve upwardly or downwardly relative to the
‘housi ng 203 OCOHKsf: sk, Isi pot m%qu%aWewrhiespmwitheme winciptes3ef the
PCT/ [ TS00/ 23722 -10 a cl osure nenber of a valve |Is displaced radially,
rotational |y, Presgndr invention fonarvalve orcothersitemiioficequipment to hawe t ool 12
may be

the positions representatively described above and depicted in FIG.

1.

The tool 12 is utilized to displace the sleeve 18 between the

10 closed, equalizing and open positions as needed to control fluid flow
through the opening 22. In order to secure the tool 12 relative to

the housing 20, the tool is provided with one or more engagement
members, lhgs, dogs or keys 28 configured for cooperative
engagement with a profile 30 .internally formed in the housing.

15 Other means of securing the tool 12 relative to the valve 16, other
types of engagement members and other types of profiles may be
utilized in the method 10, without departing from the principles of

the present invention.

The tool 12 also includes engagement members or dogs 32 for

20 engaging the sleeve 18. The dogs 32 permit application of an
upwardly or downwardly directed force from the tool 12 to the
sleeve 18 for displacement of the sleeve upwardly or downwardly

relative to the housing 20. Of course, if in an alternate embodiment



made in keeping with the principles of the present invention.

Additionally, differently configured, nunbered, arranged, etc., 5
engagenent wipiihgdss nay be used to provide engagenent bejvegNiohdys; t ool 12
and the sl eeve 18 and/or housing 20. The dogs 32 extend outwardly froma
housing 34 which is attached to an acqgator 36 of the tool 12. As
representatively described herein, the actuator 36 |s a linear actuator, .
since the sleeve 10 18 is Ilnearly dlsplaced betmeen its positions rel ative

to the housi ?gcoggre  MRMEEE of ?’i fﬁl‘age 13 d‘lgﬁ\?r% Qﬁﬁ@hl t other

types of ua ors may be ut|I|ze Ing'fro ki ncipl es
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Hal | i burton Ene Services The,DPU | s eci al | datedfor
conveyance bV‘a.dquﬂl Seping \’@ tQIHPQ\B'essPE &1% tprﬁ§¥'%t'f' BNLiBBwer ed. A
slickline 46 is depicted in FIG as the neans used to convey the tool 12

In the stri ngdgmornallv.sﬁ!ffeeew n@ﬁ'&féguﬂ%\eﬂé'mbem AtIAROR0s cefbuer ed
actuators and 20 ot her neans of conveying a tool within a string may be
utilized,5 wengagemespamemipers omavhderused ptespoovidee engagementhvent i on.
The val ve 16 | ncludes comruni cati on devices 38, 40 which permt

comuni cat i obetwéeer thetbol Y2hnd thedlesvepBand/ior WOUSINGLAR57 PCT/ US00/ 23722
-11 commruni cati on devices 42, 44 of the tool 12. The conmuni cati on

The dogs 32 extend outwardly from a housing 34 which is
attached to an actuator 36 of the tool 12. As representatively
described herein, the actuator 36 is a linear actuator, since the sleeve

10 18 is linearly displaced between its positions relative to the housing
20, however, it is to be clearly understood that other types of
actuators may be utilized, without departing from the principies of
the present invention. An acceptable actuator which may be used
for the actuator 36 is the DPU (Downhhole Power Unit) available from

15 Halliburton Energy Services, Inc.

The DPU Is especially adapted for conveyance by slickline or
coiled tubing, since it is battery-powered. A slickline 46 is depicted
in FIG. 1 as the means used to convey the tool 12 in the string 14. It
should be noted, however, that otherwise powered actuators and

20 other means of conveying a tool within a string may be utilized,

without departing from the principles of the present invention.

The valve 16 includes communication devices 38, 40 which

permit communication between the valve and respective



devices 38, 40, 42, 44 may serve many purposes In the interaction of the
tool 12 with the valve 16, and many of these are described below. However,

the descri piw@mmsss; specific purposes for the 5 comuni caticqfysifsrses 38,
40, 42,°'44 in the representatively Illustrated method 10 are not to be

taken as ljmting the variety of uses f@r- comunication devices i n a
met hod incorporating principles of the present invention. The device 38
may be suppli ed with power by a battery or 10 other power source 39 The
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address of the valve), so that a determ nation na¥ be nade as to whet her
the tool 12 i PEIRW: tikIPWEVeF.cthei desariptions nfospeci Ice pUBPOSARSUFQIEME | n t he
string 14. The string 20 14 may include nultiple items of .equi pment, and
this commdni comimunieatizrendevicesie§8caln, 382, 4 niny the Lreedesenmeilvew t he
valve 16 fromanong the nultiple itens of equipnent for operation of the
tool 12 t her ellustratécr methol 10 ardeotco be taRenwas UHithig tR85variety of
PCT/ USOO/ 23722 -12

uses - for communication devices in a method incorporating

principles of the present invention.

The device 38 may be supplied with power by a battery or

10 other power source 39. The power source 39 may be included in the
valve 16, or it may be remote therefrom. It is to be clearly
understood that any means of supplying power to the device 38 may

be utilized, without departing from the principles of the present
invention. The power source 39 may also supply power to sensors,

- 15 etc. associated with the device 38.

~ The device 38 may communicate to the device 42 the identity

of the valve 16 (e.g., a digital address of the valve), so that a

- determination may be made as to whether the tool 12 is positioned
relative to the proper item of equipment in the string 14. The string

20 14 may include multiple items of equipment, and this
communication between the devices 38, 42 may be used to select

the valve 16 from among the multiple items of equipment for

operation of the tool 12 therewith. For example, the device 38 may



continuously transmt a signal indicative of the identity of the valve 16
so that, as the tool 12 is conveyed through the string 14, the device 42
wi || receiwgoirddesssi gnal when the devices 38, 42 are in penibismat|y close
proximty to each other. 5 As anot her exanple, the device 38 may not
transmt a signal until the device 4220l 1s the device 38 by transmtting
a signal as the tool 12 Is conveyed through the string 14. The tool 12 may
be progranned to transmt a signal to which only the device 38, out of

mul tiple sucdy &m\{ tfansAfPacigngd iatiativet shtneidertityrorthe Vaivenst al | ed
in the strl ng 14, wll respond. Such progranm ng nay be acconplished, for

exanpl e, by 44 bl iah0addl G641 941 cBueyed thouRIHRCAEShG A thedevi ce 42

in the tooI he 't conmuni cation wth a renote
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ool - and ofUFEIEIEBLM tig5% PERHIETBALP BRTPBRE Cors of equi pent instal led in

a tubular string for operation of a tool therewith, may be utilized with

any of the methogs gipner ksdniective dRVice 38 amay siotntrahsmitsagiaalf r om t he
device 42 to the device 38 nmy activate the device 38 froma dor mant

state, In V\’rl.'ll‘ﬁﬂ tHCde e 129 dif thedeviee 38asy trahtinittinpasiondl @sdheact i ve
state, In whi nore power is consuned by the device 38 as it communicates

with WD 01/ 13337, PCT) HﬁQQ{/@&@ﬁough the string 14. The tool 12 may be

programmed to transmit a signal to which only the device 38, out of
multiple such devices of respective other items of equipment
10 installed in the string 14, will respond. Such programming may be
accomplished, for example, by utilizing an electronic circuit 48
connected to the device 42 in the tool 12 or, if the tool 12 is in
communication with a remote location, for example, via wireline or
other data transmission means, the programming may be
15 accomplished remote from the tool. The above-described methods
of identifying an item of equipment to a service tool, and of
selecting from among muitiple items of equipment installed in a

tubular string for operation of a tool therewith, may be utilized with

any of the methods described herein.

20 Transmission of a signal from the device 42 to the device 38
may activate the device 38 from a dormant state, in which the
device 38 consumes very little power, to an active state, in which

more power is consumed by the device 38 as it communicates with



-13 the device 42. Such activation of the device 38 may permt the device
38 to communicate with the device 42. As another alternative, the tool 12
may supply r operate the device 38. Thus, the devi not
co?lmunr)cate \f\lns% the device 42 until the tool i12 is in@ﬁf‘%ﬁ%ﬁ%ﬂy
close proximty to the valve 16, or is.4qg.an operative position relative to
the valve. Methods of supplying power fronlthe tool 12 to operate the
device 38 are described bel ow. However, is to be clearly understood

that other mayodygRYade s 'a?:ﬁ%t;%ot?ﬁ‘thedéaﬁ% 39 rhaf B o

principles.o rese I nvention ur pose whi c be“Served by

he o g g b TR Gtk o tﬁ%e"‘ﬁﬁgé 3% ot withina

predeterm ned distance of an operative position, relative to the valve 16.

For 15 exanpl e, coAsnanathieroalteenative) tihe tooli ¢2snif, sdpphpypower ctg e  t hat
t he engagenent nenber 28 is aligned with the profile 30. The tool 12 may

be prevented fgperatxtReddeice 58. CTHES SRR HeIREDSS mAP nott ihEUhicate
engagenent with the profile 30 until the conmmunication between the devices

38, 42 | ndiscalitn tHeudhcs 400N ne 196F13 &ﬂm&i#&‘gﬁgyc%e bR wed by

the tool 12 to a renote [ocation, or exa an operator

confirm t hat fbkﬁ'lé QQIKIeL?G,WisOiBeéﬁtdpve%f‘vg "BEGEEN Fathik Y6 the valfe? 11_18357

PCT/ USOQ 2372
Methods of supplying power from the tool 12 to operate the device

38 are described below. However, it is to be clearly understood that
other methods may' be utilized, without departing from the

10 principles of the present invention.

Another purpose which may be served by the communication

between the devices 42, 38 is to provide an indication that the tool

12 is operatively positioned, or at least within a predetermined
distance of an operative position, relative to the valve 16. For

15 example, communication between the devices 38, 42 may indicate
that the engagement member 28 is alighed with the profile 30. The

tool 12 may be prevented from extending the engagement member

28 outwardly into engagement with the profile 30 until the
communication between the devices 38, 42 Iindicates such

20 alignment. This indication may be transmitted by the tool 12 to a
remote location, for example, so that an operator may confirm that

the tool 12 has operatively engaged the valve 16.



-14 Yet anot her purpose which may be served by the comuni cation between
the devices 38, 42 is to indicate the position of the sleeve 18 relative
to the houghofhsddr AS representatively illustrated in Pofwsdy2sgre or nore
posi tion sensors 50, 5 such as hall effect devices or a displacenent
transducer, etc., may be connected t-ol4-he device 38, so that the device
may transmit data indicative of the sleeve 18 position to the device 42.
This Indication nay then be transmtted by the tool 12 to a renpte

location, for exyafplahothert Rirpdse OPFARNC Mdy benfservetihebg! atee 18
position. 10 Note that one or nore of the sensors 50 may be any type of

sensor. For &iAfificaioR &uﬁ:@éﬁﬂﬁg%éwé& S RS B ROCHINESL the

t enper at ure sensor one of e sensors 50 as a pressure i ndi cat or

Tt or ent 1 alPOAfiBHE oF (R, [ Meflie s 18" FoBRa T8 the Moding' 28 2

differentia | 'eéve er sensor I's p05|t|oned

proximate at_|east one of g wth
fluid flow fEATRSENIG Vefyuils W;S@Fﬁ‘ﬂ "“Lr} 1 é’i%?g?ggﬁ@@?@@ﬁﬁ%e&%@ﬁ@; t he
device 38 for transm ssion of data romthe nsor to the devi Be. The
sensor 515 rﬁW:hlis@'?@fﬁ%gw'ﬁsoﬁééﬁmﬁ‘&%" FRNFAUCREL Y ANBY ﬁarticle
sensor 20 for detecting these progertles of fluid flow ng through the
openi ng  22.carurecsgdriol the dayiea:A8os0 Shatdhe deviee Imé\éd:r@’!ﬁrﬂ@t@ ne a
percentage of water in the fluid flow ng through the opening 22, to WO
01/ 18357 PCTihdicative2af7tire sleeve 18 position to the device 42. This in ication

may then be transmitted by the tool 12 to a remote location, for

example, so that an operator may confirm the sieeve 18 position.

10 Note that one or more of the sensors 50 may be any type of
sensor. For example, oné of the sensors 50 may be a pressure or
temperature sensor. Use of one of the sensors 50 as a pressure
indicator may be useful in determining pressure applied to, or a

pressure differential across, the sleeve 18.

15 Another sensor 51 is positioned proximate at least one of the
openings 22, and may be in contact with fluid. flowing through the
openhing. The sensor 51 is connected to the device 38 for
transmission of data from the sensor to the device. The sensor 51
may be a resistivity, capacitance, inductance and/or particle sensor

20 for detecting these properties of fiuid flowing through the opening
22. For example, the sensor 51 may be utilized to determine a

percentage of water in the fiuid flowing through the opening 22, to



-15 determ ne the nunber and/or size of particles flow ng through the
opening 22, etc. The devices 40, 44 comunicate by direct electrical

cont act thw@mgy@en As depicted in FIG 1, the device 4iyrseganected to
a 5 pressure sensor 52 exposed to fluid pressure on the exterior of the
housi ng 20. In conjunction wth another-4gr-essure sensor, such as one of
the sensors 50 or another pressure sensor 54, exposed to fluid pressure in
the interior of the housing 20, the pressure differential across the

sl eeve 18 may detefpfie ‘tMeqﬁIrﬁbéi' Eﬁ@/orsbl‘ié &bbmmlé@gbwg%rﬁggpg@émde by

an electronic circult 560 t he tool transmtte fromt to a

r enot e Iocatlggéﬂm& detern1nat|on may be made at the renote

| ocation fro tra sn135|on of the interior and exterior pressure

i ndications. As with the devices 38, 42 descri bed above, conmmunication 15
bet ween t he devi cethel@evieesnd), 84 aorathunicateaby direpbeiectrical coddact on to

that of sensor data communi cation. For exanple, comrunication between the

devi ces 40, 4thersbdtwvesttdA$ debicteddherIG! D athd devicedo i¢ 2onheetsd abiavel y
positioned relative to the valve 16. Since the representatively

I'lTustrateg dpresstiesensdr 52 ERPoReEAFFIDK %@eﬁuﬁ‘é‘ﬁn ﬁﬁé"é(féﬁé* ofQhect .

such communi cati on between the deV|ces |n | cates at east that the devices
ool 12°toa 1 0oUsARF 20 i koniltchio! Wik Hdihel Bl S, 566 Y, T o

extension of LA Hoffe Séhsors 50 or another pressure sensor 54, exposed to fiuid
pressure in the interior of the housing 20, the pressure differential
across the sleeve 18 may be readily determined. Such determination
10 may be made by an electronic circuit 56 of the tool 12, transmitted
-from the tool to a remote location and/or the determination may be
- made at the remote location from a transmission of the interior and

exterior pressure indications.

As with the devices 38, 42 described above, communication

" 15 between the devices 40, 44 may be used for many purposes, in
addition to that of sensor data communication. For example,
communication between the devices 40, 44 may be used to indicate

‘that the tool 12 is operatively positioned relative to the valve 16.

Since the representatively iliustrated devices 40, 44 communicate by

20 direct electrical contact, such communication between the devices
indicates at least that the devices are aligned with each other. This
indication may be transmitted by the tool 12 to a remote location.

This indication may also be used to control extension of the dogs 32



WO 01/ 18357 PCT/ USOQ 23722 -16 outwardly fromthe housing 34 into
engagenent with the sleeve 18 by the tool 12 in a manner simlar to that
descri bed wheufksfor control of extension of the keys 28crARo3fizcati on
that the keys 28 and/or dogs 32 have operatively engaged the respective
housing 20 5 and/or sleeve 18 nmay al sojge transmtted by the tool 12 to a
renote |ocation. As another exanple, the circuit 56, or another circuit at
a renote |location, may be programmed to control operation of the tool 12

based at 'Eﬁ%mgﬁg¢iomwm%ﬁﬁmﬁhia%a WERWItPPtH siéRyeos 40, 44.

The circuit e connect to the actuafor 36 and may be programred

to prevent t t fro ' Cli t o, position
If the sensols‘z @'% H@épll;'ﬁdi{nc?[ @é{?ﬂ"aet? s Iearpér}gst@h?gd%c?‘@eetrdgﬁpp% g@?oss t he
sl eeve is outside, ap _acce ble. . r Cma C Al 1 r iff erenti al
i s excessi vecontirg! QFP5§?'?£§’S qSt%gg\?%?%hé% B@'ﬁ‘i@f&ﬁﬁgiﬁgd‘%ﬁéﬁ t the
actuator 36 to displace the sleeve 18 to the equali zilﬁsrggsitio , but not
to the open anderdags, 33 have,eperadvely engageg, g respest ¥siR920:eve 15
excessive. Thus, It will be readily appreciated that the method 10

provi des 5 orand/ov sigevet1Somayalseohedransmitted byithe toal 32 thategwtgi th 20
the valve 16, with reduced possibility of human error involved therewth.

An oper at or joggtionnvey the tool 12 into the string 14, the tool and the
val ve 16 may commruni cate via the devices 38, 42

As another example, the circuit 56, or another circuit at a
remote location, may be programmed to control operation of the
too! 12 based at least in part on data communicated between the

10 devices 40, 44. The circuit 56 may be connected to the actuator 36
and may be programmed to prevent the actuator from displacing
the sleeve 18 to the open position Iif the sensors 52, 54 indicate that -
the pressure differential across the sleeve is outside an acceptable
range, e.g., if the pressure differential is excessive. The circuit 56

15 may further be programmed to permit the actuator 36 to displace
the sleeve 18 to the equalizing position, but not to the open

position, if the pressure differential across the sleeve Is excessive.

Thus, it will be readily appreciated that the method 10

provides for convenient operation of the tool 12 in conjunction with

20 the valve 16, with reduced possibility of human error involved
therewith. An operator may convey the tool 12 into the string 14,

the tool and the vaive 16 may communicate via the devices 38, 42

and/or 40, 44 to indicate the identity of the valve and/or to select the



and/or 40,44 to indicate the identity of the valve and/or to select the WO
01/18357 PCT/US00/23722 -17 valve fromamong multiple items of equipment

instal |l ed i Ryd figssyt ring, and such conmuni cation may be usRénisgasdish cate
that the tool. is operatively positioned relative to the valve, to control

engagenent of the tool with the valve, 41474 ndi cate useful status 5
I nformati on regardi ng- the valve, such as the position of the sleeve 18,
pressure applied to the valve, pressure differential across the sleeve,

etc., and to apng Cfi'oﬁp%rn%;,\g”nﬁfltlbiée ifePRd -ofDequiPmene IRBENRIRCGH ¢ the art
provided by the nethod 10 en the tool 12 is wutilized a dltlona y to

transmt infor, Qﬁhbo'ﬁnhos ,ﬁuhﬂﬁﬁg 1 aylﬂe nged)%ri"ﬁh%a%

positively det ernthe vvhe e va appropria

oper bt vel y pabl . Ui @%@W@Wg #B!e S IhHCvaliE {¢?8¢°¢F§9f

operatlvely en ed the v | ve si ion of the sleeve 18 both before
and after %’%g?ﬁn%te the §P° & N@R’fs tpoméi%% usgfil ptatdsr es
and/ or di ffer enti al tI%essur es, terrper atures, etc. of concern. Referring
addi ti onal 5y ABfPriatiow; regar dingzthi valveo suchhias diveoRosition ot theslea® ar e
representatively and schematically illustrated which nay be used for the
devi ces 38,  42A8didyessuredapplied . torthe ovaig)i prasduren différeatial herass\vtihees 58,
60 are shown installed In the actuator 36 and housing 20 of the nethod 10,
but it Is to IskeeMecaeticy, and to control operation of the tool. Due to the
advances in the art provided by the method 10, when the tool 12 is
utilized additionally to transmit information to a remote location,
10 the operator is able to positively determine whether the valve 16 Is
the appropriate it_em of equipment intended to be engaged by the
_ tool, whether the tool is operatively positionec_l relative to the valve,
whether the tool has operatively engaged the valve, the position of
the sleeve 18 both before and after It_ is displaced, if at all, by the
15 tool, and the pressures and/or differential pressures, temperatures,

etc. of concern.

Referring additionally now to FIG. 2, alternate communication
devices 58, 60 are representatively and sc_h:ematicallv iliustrated
which may be used for the devices 38, 42 described above. As

20 depicted in FIG. 2, the devices 58, 60 are shown installed in the
actuator 36 and housing 20 of the method 10, but it Is to be clearly
understood that the devices 58, 60 may be used in other apparatus,

other methods, and In substitution for other communication devices



understood that the devices 58, 60 may be used in other apparatus, other
met hods, and in substitution for other comuni cation devices WO 01/ 18357
PCT/ US00/ %6 4rhs3s7l8 described herein, without departingptv@saiagzprinciples
of the present iInvention. The devi ces 58, 60 conmuni cate by inductive
coupling therebetween. Power may al sdi8e supplied fromthe device 58 to 5
the device 60 by such inductive coupling. The device 58 Includes an
annul ar - shaped coil 62, which is connected to an electronic circuit 64.

The circuit &és&wme@bﬁptMWut aepartiig tfrobe theowrihdplesush thiee coil 62,
and mani pul ates t hat current to cause the device 58 to transmt a signal

to the devi P tbﬂ, éh.that such signaling I's via a nagnetic field, and
nanipulatio nagnetlc field, propagated by the coil 62 in response
to the current flowed therethrough. The device 58 nay al so respond to a
magnetic field, The devigase 58r 6@aganmyaupicate hyevll‘l@é'c'gﬂe couRlingh case
the magnetic fleld woul d cause a current to flow through the 15 coil 62 and
be recei ved therebetweenuiRovddr niawaisotbe supplied fsemtiye devicee5840a
transmtter or receiver. The device 60 also Includes a coil 66 and a

circuit 68 qgyen@svies 60ty Uk induttivdouptingce 60 may operate in a manner
simlar to that described above for the device 58, or it nay operate

b b ng " The GSAR' S8 ThBcES 5t ammulrindsed B3 Wnigh %8 °

connected to an electronic circuit 64. The circuit 64 causes electrical
current to be flowed through the coll 62, and manipulates that
current to Eause the device 58 to transmit a sighal to the device 60.
10 Note that such signaling Is via a magnetic field, and manipulations of
the magnetic field, propagated by the coil 62 in respohse to the
current flowed therethrough. The device 58 may also respond to a
magnetic field, for example, propagated by the device 60, 'In which
case the magnetic field would cause a current to flow through the
15 coll 62 and be received by the circuit 64. Thus, the device 58 may

serve as a transmitter or receiver.

The device 60 also includes a coil 66 and a circuit 68 connected
to the coil. The device 60 may operate in a2 manner similar to that
described above for the device 58, or it may operate differently. For

20 example, the device 60 may only transmit signals, without being

configured for receiving signals.

Referring additionally now to FIG. 3, further aiternate

communication devices 70, 72 are representatively and schematically



configured for receiving signals. Referring additionally nowto FIG 3,
further alternate comrunication devices 70, 72 are representatively and
schemat i cal kyo Misskh/ 18357 PCT/ USOQ 23722 - 19 il ustrat ed pphpinfshos589s be used
for the devices 38, 42 described above. As depicted in FIG 3, the devices
70, 72 are shown installed in the actuateor 36 and housing 20 of the nethod
10, but it is to be clearly understood that the devices 70, 72 may be used
in other 5 apparatus, other nethods, and in substitution for other

communi cat i on jestraRs VAR AREY BRY BisBd Yor k! dé@i&éEt?:é“gaﬁr@éEcrfﬂlé’d

principles of the present invention. The devices 70, conmuni cate by i
transm ssi on Ve & Rk g radio
10 frequency t r'§1§né8 g‘?&(;rr'lﬁ Fg %ﬁﬁay afég eigrﬁgf@{é@{ ?E%H Hdew ce

70 | ncl udes §n¥éﬁﬁﬁ‘a‘°€§‘é%ﬁ SRS Bl Hnd b R B Y

The circuit 76 c | ectr nt to be _15 flowed through the
antenna 74, arif egftpboc{ %E?t %B éﬁv'cﬁﬁ 705 /2 Maye bgoyised iNoOtheR r ansmi t
a signal to the deV|ce 72. The device 70 may al so respond to

el ect r omagRet iAPPARIEUS; r Oher ssmethedsm and  Hevishbstitutiom iierchother t he

device 70 may al so serve as a receiver. The device 72 also includes an
ant enna 78 ang¢omriunicatiors@evices described herein, without departing from

the principles of the present invention.

" The devices 70, 72 communicate by transmission of
electromagnetic waves therebetween, preferably using radio

10 frequency (RP) transmission. Power may also be supplied from the
device 70 to the device 72 by such electromagnetic wave

transmission.

" The device 70 includes an antenna 74, which is connected to an
electronic circuit 76. The circuit 76 causes electrical current to be

15  flowed through the antenna 74, and manipulates that current to
cause the device 70 to transmit a signal to the device 72. The device

70 may also respond to electromagnetic wave transmission from the

device 72, in which case the device 70 may also serve as a receiver.

The device 72 also includes an antenna 78 and a circuit 80

20 connected to the antenna. The device 72 may operatel in a manner
similar to that described above for the device 70, or it may operate
differently. For example, the device 72 may only transmit signals,

without being configured for receiving signals.



20 connected to the antenna. The device 72 may operate in a manner simlar
to that described above for the device 70, or it may operate differently.

For exanplyg oiffdgs7device 72 may only transmt signals, wchiosessei ng .
configured for receiving signals. WO 01/ 18357 PCT/ USQQ 23722 -20 Referring
additionally nowto FIG 4., still fur2her alternate conmunication devices
82, 84 are representatively and schematically illustrated which may be
used for the devices 38, 42 described above. As depicted In FIG 4, the

devi ces 82, 84 apgferfigaddiddnalhethow to FIG: actstit Furtieraatehwatei ng 20 of
the nethod 10, but it is to be <clearly understood that the devices 82, 84

may be used ddin@iiEation w ARuRey 2, 84 APe rﬁﬁ‘é%eﬁ&tn?él and Aticayon T or

ot her communi ca estri bed herern out departing from the

P et Pl e il SoEh KR PRealforT i siiter 82 oBtaermug cote, bV

transm ssi o ul'ses et ween, y usIing acoustic

323.‘%2: 34 DyAbQ: mspslﬂ"“%t?@?%afé%? th§gRVRRS @@%é%*&%ﬁﬁ%gfﬁési “one.
Bo. The. cf r e adatar $6:and e 20 e FRe redipd A0, ulicl T 1#B0B8h the
crystal 86, and nanipulates that current to cause the device 82 to

transmt a stlearly understeodidhat dhgsdeviges §2y8demay Bayusad dn (dhebnd 1o

pressure pul ses
apparatus, other methods, and in substitution for other

communication devices described herein, without departing from

the principles of the present invention.

10 The devices 82, 84 communicate by transmission of pressure
pulses therebetween, preferably using acoustic wave transmission.
Power may also be supplied from the device 82 to the device 84 by

. such pressure pulses.

The device 82 includes at least one piezoelectric crystal 86,

15 which is connected to an electronic circuit 88. The circuit 88 causes
electrical current to be flowed through the crystal 86, and
manipulates that current to cause the device 82 to transmit a signal

to the device 84. The device 82 may also respond to pressure puises
transmitted from the device 84, in which case the device 82 may also

20 serve as a receiver.
The device 84 aiso includes a piezoelectric crystal 90 and a

circuit 92 connected to the crystal. The device 84 may operate in a

manner similar to that described above for the device 82, or it may



transmtted fromthe device 84, In which case the device 82 may also 20
serve as a receiver. The device 84 also Includes a piezoelectric crystal 90
and a circwyydoPsszonnected to the crystal. The device 84 pgyysopgiate in a
manner sinmilar to that described above for the device 82, or it may WO
01118357 PCT/ USOQ 23722 -21 operate difFerently. For exarrpl e, the device
84 may only transmt signals, w thout being configured for receiving
signals. O course, it is well known that a piezoelectric crystal distorts

when an el ect rgperaté idiffereAtifP Horeskaniplecithe dddice 9t nidivsoai trafseiit 2 S

pi ezoel ectric crystal may be used to generate an electric current

t herefrom Th%?nawew hBﬁt%ﬁﬁ?‘b%%ﬁéuﬁéﬁ)#bleﬁeéﬁlﬁg s‘f‘%ﬁ%ls.or mani pul ates a

current applie e cryst cryst and causes a
pressure pul se or Bul ses in fluid disposed between the .actuator 36 and the
housi ng 20. This pPEsourse, ﬁull%waﬂrkmwsewatuawmezqalecrtrimusw distorts yst al
90 to distort and thereby causes a current, or a manipulation of a
current, to bavii¢maadelectrit eurientus apbﬂedltheaetc;,iarid thathdisbertion loF alevi ce
84 may transmt a signal to the device 82. Miltiple ones of either or both

of the cryst alplefifelebtricrayystal sl be Used e beferite ancératsc dierewp! i t ude
of the pressure pul ses generated 15 thereby, or to Increase the anplitude

Deeh oo HECTIONRS,YER, WIRrb o S g0 °asifed 5 <bftne T 1
manipulates a current applied to, the crystal 86, the crystal distorts
and causes a pressure pulse or pulses in fiuid disposed between the
actuator 36 and the housing 20. This pressure pulse or pulses, in
10 turn, causes the crystal 90 to distort and thereby causes a current, or
a manipulation of a current, to be flowed to the circuit 92. In a
similar manner, the device 84 may transmit a signal to the device 82.
Multiple ones of either or both of the crystals 86, 90 may be used, if
desired, to increase the amplitude of the pressure pulses generated

15 thereby, or to increase the amplitude of the signal generated when

the pressure pulses are received.

Thus have been described several alternate means by which
devices may communicate between an item of equipment
interconnected in a tubular string and a tool conveyed into the

20 string. It is to be clearly undérstood, however, that any type of
communication device may be used for the communication devices
described herein, and that the principles of the present invention

are not to be considered as limited to the specifically described



devi ces may conmuni cate between an item of equi pnment Interconnected in a
tubul ar string and a tool conveyed into the 20 string. It is to be clearly
under st 00Gyo iagsser, that any type of communicati on devcrmesomynbe used for
t he conmuni cation devices described herein, and that the principles of the
present Invention are not to be consi2@ered as limted to the specifically
descri bed WO 01/ 18357 PCT/ U500/ 23722 -22 conmuni cation devi ces. Many ot her
comuni cati on devices, and other types of conmunication devices, may be

used in net hsArucatiop aeVicss. | Mamypotiaér sgmmunivapioss deticebeandesent
I nvention. For exanple, the crystal 90 could be a radioactivity producing

device 5 an%t%?tvgwbﬁboﬁﬁnamdaﬂiobﬁda’ibéﬂimwbb\usreu inanethaedsandce, the
crystal 90 could be a nagnet and the crystal 86 could be a hall effect

device Of Gdddud'idcdipsfatity Prticiplesnof thePpRERAEInIEnBOMAYI ¢ Tiel d.

etc. Further each o e conmuni cat1 on devices described herein may
have a power e .l.jpc I Q, _ fery may be
"nel uded i n RO hE v ?f?ﬁ#@ibéﬁ fé@?“’?@f‘ﬁ%?ﬁ’%@@"ézaﬁ‘é"é%n bed
above. Referri addi ti | | ow.tg Fl . [,ch
enbodi es riqﬁﬁ]\%gr\g&alﬁﬁc Igé‘:ﬁ? rgﬂﬁggﬁygﬁéﬁgsipgp@gﬁfgﬁo Iy |and
schematically illustrated. The thod 100 is si,dlar in respects 15 to
t he met hod 1%’ cRdhe,a MagnRiANd fhe grys |§¢)5?&|9&e ?é‘aélrfg{fgg‘édm"f: an item
of equi pnent 104 installed in a tubular stri négn
or a reed switch which closes in the pres

caengf a magnetic fleld,
etc. Furthermore, each of the communication devices described
herein may have a power source incorporated therein, for example,
10 a battery may be included in the each of the circuits 64, 68, 76, 80,

88, 92 described above.

Referring additionally now to FIGS. 5A&B; a method 100 which
embodies principles of the present invention is representatively and
schematically lllustrated. The method 100 is similar in many respects

15 to the method 10 described above, in that a tool 102 is engaged with
an item of equipment 104 installed in a tubular string and
communication is established between a communication device 106
of the tool and a communiéation device 108 of the item_ of
equipment. As depicted in FIGS. SA&B, the item of equipment 104 is

20 a plug system and the tool 102 is a retrieving tool, but it is to be
understood that principles of the present invention may be

incorporated in other tools and items of equipment.



conmmuni cation |s established between a conmuni cati on device 106 of the
tool and a communi cation device 108 of the Itemof equipnment. As depicted

in FIGS. 5A%%p efiRsssi tem of equi prent 104 is 20 a plug systgihgighizse t ool
102 Is a retrieving tool, but it Is to be wunderstood that principles of

the present invention may be incorporat23+ in other tools and itens of
equi prent. WO 01/18357 PCT/ US00/ 23722 23 The plug system 104 includes a
cl osure nenber, pressure equalizing nmenber or prong 110, which is

seal ingly recei vedtHét Biug BysteindMEm SA6RIDEs 13 2cloditie MhEMIRSS Hifdsgudi2, in
turn, is sealingly engaged wthin a nipple 114. The nipple 114 is of the

e e oot S ttallzthd RRfioak oF HPEna DN Aien ICARINGI feciedfitning |

i nt erconnecte In a ar string; but i's shown art from a

tri f I t | c [ erbl v, in oc
mandr el 134, P2 B8RS éﬁ?-g*ﬁscﬁﬂz%f%#éﬁilg%sgﬁ%ﬁ%m h% ;%ﬁﬁglﬁe%t he

i ppl e 114, d .10 .gl.ug. 1 i al i.n gage e, ni o]
bl ock {1 ui d -?{éaw%fﬁgﬂmﬂ'elﬂaﬂv%ﬁr@qgﬁugf&s@'g lﬁ?%ﬁ;ﬁ@hgoﬂmeﬁ@@ot 0
i ncl ud th ' 114, althou e ug asse .an ron may
Ibgcugeg 't 05§I E‘I&pge’meﬁpctmsﬁ\ﬁs‘l'ﬁcgﬁb %?E’é?ﬂqi‘%ﬂlc& v RR Hiker E&Bﬂ?g@ea menber s
and, thus, the plug assenbly and prong may also be 15 considered to
conprise a pl i3 fgbulayistengphut i showmaparpfram the: tubviasstring fery be

supplied with power by a battery or
illustrative clarity.

The plug assembly 112 includes a lock mandrel 134, which

releasably secures the plug assembly relative to the nipple 114, and a

.10 plug 136, which sealingly engages the nip'ple to bilock fluid flow
therethrough. The plug system 104 may be considered to include

the nipple 114, although the plug assembly 112 and prong 110 may

be used to block fluid flow through other nipples or other tubular
members and, thus, the plug assembly and prong may also be

- 15 considered to comprise a plugging device apart from the nipple.

The device 108 may be supplied with power by a battery or
other power source 109. -The power source 109 may be included in
the plug system 104, or it may be remote therefrom. it is to be
clearly understood that any means of supplying power to the device

20 108 may be utilized, without departing from the principles of the
present invention. The power source 109 may also supply power to

sensors, etc. associated with the device 108.



ot her power source 109. The power source 109 may be included in the plug
system 104, or It may be renote therefrom it is to be clearly understood

that any Rpgpiigeéy suppl yi ng power to the device 20 108 weywka/atzl i zed,

wi t hout departing fromthe principles of the present invention. The power
source 109 may al so supply .power to -Mnsors, etc. associated with the

devi ce 108. WO 01/18357 PCT/ USQQ 23722 -24 \Wen the prong 110 is sealingly
received within the plug assenbly 112 as shown in FIG 5B, fluid flow

axi ally through Wferhithe! @roadg41{Gris deatingyh rebeiveduwitiif) the plugvent ed.
When the prong 110 is displaced upwardly relative to the plug assenbly 112

and ni ppl e b s EhEWn!ia AGTSE, riurd Fldw ax@lly eRFoedh BRE pipsleat i vel y
snmal | openijérllsg%n%{%h?%rned t hrough a sidewal | of Yhe pllq%g 136.mguch fluid

f'Owthfougpﬁaﬁgagﬁigpgn%@ o1BY, 120 6 Vent8dU WheR tREANDNG110! 0SS the

pl ug assenb retrievin pl ug asse y from'the nipple.
Mot et ERab b Bt PR b el AR oS A dRpig R © 114
o pr ossd o Wik 1o pirerieted ArBRLBRe opel pratuBhe tranted Sugher
D S2Sir e T apninog s foRelisBh pebalathd Pl 54 SHER .
sensor 118 if?oﬁlotnr?reo%tgﬂendtrt\g égeeniggv'il*lcee rr%e?vB ’bewnisecéi1 to equalize pressure

across the plug assembly 112 before retrieving the plug assembly

from the nipple. Note that, when the plug assembly 112 is removed

10 from the :nip:')le 114, relatively unrestricted fluld flow is permitted

axially through the nippie.

A pressure sensor 118 is included in the prong 110 and is

exposed to pressure in the nipple 114 below the plug assembly 112.
Another pressure sensor 120 Is included in the tool 102 and is

15 exposed to pressure in the nipple 114 above the plug assembly 112.
The pressure sensor 118 is connected to the device 108, which
permits communication of pressure data from the sensor to the
device 106. Pressure data from the sensor 118 (via the devices 106,

108) and pressure data from the sensor 120 may be input to an

20 electronic circuit 122 of the tool 102 and/or transmitted to a remote
location. Such pressure data may be used to determine pressures
applied to the prong 110, plug assembly 112 and/or nipple 114, and

may be used to determine the pressure differential across the plug



permts comruni cation of pressure data fromthe sensor to the device 106.
Pressure data fromthe sensor 118 (via the devices 106, 108) and pressure
data fromt Reo@isa’ 120 may be input to an 20 el ectroni C gerfifabiisril2 of
the tool 102 and/or transmitted to a renote |ocation. Such pressure data
may be used to determine pressures appldsed to the prong 110, plug assenbly
112 and/or nipple 114, and may be used to determ ne the pressure
differential across the plug WD 01/ 18357 PCT/ USOQ 23722 -25 assenbly. The

circuit 122 (ciss@mplyier TRe' Girtdit 220 (or %tno%héﬁr@hmm' 8%R! ia®na - remgtde
programed to prevent operation of the tool 102 to displace the prong 110

U spl Scomens ! IBCAMONCHBY € proBraiied ty Dredint bheRatiBhl ofthe tob 102

di spl acenent o e pressur ral i S excessive.

Anot her pressyre 3 ng 110

for neasur oner? %?5%?55;\# Grde afd* RS présun daﬂévéﬁﬁﬁﬁs&r{fsfaﬁg»e by 112

The tool 102 Includes, on r_nore.en ers onfigure or

gpeLat ivel y. Jﬁgﬁﬁf'ﬂbﬁ Qﬂf\ﬁﬁf?mlgldl'gg%fg "%Z%F&angﬁm%lgf Ee'ﬁﬂgﬁ El‘:ilzi]gr géot )
uch engagenent,_pernits e too 2.t0 a an upwardly di

the prong P10 differental isexcessive. n&ﬂOtB-%RFé)SSéFe seRsarobi2 may Grijonalivengaged

w th another profile for releasably securing the tool relative to the

ni ppl e 114 or ke infludeddnvthe Prongsi1g forr measurementref pressune dh thee t ool

12 is releasabiy 15 secured relative to the valve 16 using the keys 28 and

profile 30 nipple 114 above the plug assembly 112.

The tool 102 includes one or more engagement members 124
configured for operatively. engaging an external profile 126 formed

10 on the prong 110. Such engagement permits the tool 102 to apply
an upwardly directed force to the prong 110. Another portion (not
shown) of the tool 102 may be engaged with another profile for
releasably securing the tool relative to the nipple 114 or plug
assembly 112, similar to the manner in which the tool 12 is releasably

15 secured relative to the valve 16 using the keys 28 and profile 30
described above. For example, the tool 102 could have a portion
which engages an internal profile 128 formed on the mandrel 134. In

that case, the tool 102 would be releasably secured to the mandrel

134, and could be used to retrieve the mandrel by applying an

20 upwardly directed force to the profile 128 if desired.

The engagement member 124 is displaced into engagement
with the profile 126 by an actuator 130, which is connected to the

circuit 122 (or to another circuit, e.g., at a remote location). The



descri bed above. For exanple, the tool 102 could have a portion which
engages. an internal profile 128 fornmed on the mandrel 134. in that case,
the tool IgeiMasd;d be rel easabiy secured to the mandrel pck@don287 coul d be
used to retrieve the mandrel by applying an 20 upwardly directed force to
the profile 128 If desired. The engage@éent nenber 124 |s displaced Into
engagenent wth the profile 126 by an actuator 130, which Is connected to.
the circuit 122 (or to another circuit, e.g., at a renote |location). The

VO 01718357 delfit/SESY Qﬁi‘?%e' Bﬁodrj?iahwieﬁ 'ot2 con¥igered’ €9 pafAIt Theconfi gured

to permt the actuator 130 to displace the engagenent nenber 124 into
dovi es. 106, dctlatatn 40, t0, “isglRc] thel HupeY, Rchiter B Chltel T ned
Fapresent ot ITREPETER  Whny SHIE Frolté ety WAL bambdenicten,

i B AR RO T
ively, i rcuif 0_.perm engagenen
beteen e dibniSichod bl G WG T

an accept ablassembde 11 aThe cgiresentativele Juustrates) deyicss, 19&*16‘93

di spl acenent of the prong is utilized to
communicate by direct electrical contact, so establishment of

communication therebetween may be the indication that the tool

102 is operatively positioned.

10 Alternatively, the circuit 122 may be programmed to permit
engagement between the engagement member 124 and the profile
126 only when the pressure differential across the prong 110 and
plug assembly 112 is within an acceptable range, or at least not
excessive, although, since displacement of the prong is utilized to
15 cause reduction of the pressure differential as described above, this
alternative is not preferred. As another alternative, the tool 102 may
be prevented from engaging the profile 128, or may be prevented
from displacing the plug assembly 112 relative to the nipple 114, if

the pressure differential across the prong 110 and plug assembly is
20 excessive.
The method 100 demonstrates that principies of the present

invention may be incorporated into a variety of different apparatus

and methods. Thus, the principles of the present invention are not



15 cause reduction of the pressuré differential as described above, this
alternative is not preferred. As another alternative, the tool 102 nay be

prevent ed fWﬂﬂb }oing the profile 128, or may be prevent®d nshéf,
di splacing t eﬁag‘g assenbly 112 relative to the nipple 114, |E' %e

pressure differential across the prong 20 and pl'f';'ug assenbly is 20
excessi ve. The nethod 100 denonstrates that principles of the present
i nvention may be incorporated into a variety of different apparatus and

met hods. Thus,tof It rebhanie%asuﬁﬁtédwmptﬁéeéﬁdediﬁa patatd ?nBOPné/t‘R /18357
PCTI USOQ 23722 -27 to be considered imted to the specific apparatus and

nmet hod enbodﬁgéai@%g%ygg&igﬁ ﬁEPeiPRef erring additionally nowto FIG 6,

anot her net ho Ing principles of the present invention is
representatively 5 and schematically Illustrated. In the method 140,
multiple itens of Bgfempinchtadclitionallyi now poaEisd 6,nanotinemimethiao M0 h a
service tool 146 conveyed into a tubular string 148. The Item of equi pnent

142 1's a por tembodyind erindiplesrofsthe nyretdhit invention iktrepreseraativengnt 144
is a packer. 10 The tool 146 includes a conmmunication device 150, and

anot her comnurnepscHEmaeicame iltsErated) NAl ticmdthod 946 trmulibiBgEeRof 142. As
depicted in FIG 6, the devices 150, 152 comunicate via 1nductive
coupling, in qAPRENtS143, 138 dre PIABR'IH e8MMOnRELINHERIth a service tool

146 conveyed into a tubular string 148. The item of equipment 142 is

a portion of the tubular string 148, and the item of equipment 144 is

a packer.

10 The tool 146 includes a communication device 150, and
another communication device 152 is included in the string portion
142, As depicted in FIC. 6, the devices 150, 152 communicate via
inductive coupling, in a manner similar to communication between

‘the devices 58, 60 described above.

15 The device 152 is connected to various sensors of the string
portion 142 and packer 144. For example, a sehsor 154 may be
positioned externally relative to the string portion 142, and a sensor
156 may be positioned internally relative to the packer 144.
Additionally, other sensors 158, 160 may be positioned in the string

20 148 and connected to the device 152.

The sensor 154 may be a strain gauge, in which case indications
of strain in the string 148 may be communicated from the device

152 to the device 150 for storage In a memory device of the tool 146



t he devices 58, 60 described above. 15 The device 152 is connected to
various sensors of the string portion 142 and packer 144. For exanple, a
sensor 154ygwiishe positioned externally relative to thecswseneg7portion
142, and a sensor 156 may be positioned internally relative to the packer
144. Additionally, other sensors 158,28160 may be positioned in the string
20 148 and connected to the device 152. The sensor 154 may be a strain
gauge, in which case indications of strain in the string 148 may be
conmuni cat edfdir latert hetribval,ce.., ld2the eahth'sisurface, 160 thertadiot46gmayn a nenory
device of the tool 146 WO 01/18357 PCT/USOQ 23722 -28 for later retrieval,

at t heﬁrﬁﬂf.rhit thé idieations tol 41 etk 1b44tiony Suchoa Stirdin tgatigendi cat i ons
to a remote location. Such a strain gauge sensor 154 may be utilized, for

exampl e, L0 dighli{on MAPbRBtiized dreP eRaREIS] toTidkhery {bidleRpitic on 142

whi ch coul d préven insertion of a tool string therethrough, or to

moni tor fat 'gi'gswag@% &Jﬁghﬁy sﬁliﬁé "Bortdn 182 SHARA" cﬁﬁ‘fd rTE)‘event

alternativel be” a pressure  sensor, rature sensor,

Co it odt o IpseRiar of Fofiatrnd tnsrdEBlbn, b E?giﬁ@ﬁ&hfﬁﬁgg?*at’%ﬁﬁééhiéed

dlfferentlal across the string portion. To indicate a pressure
dlfferentlajuﬁﬂpgégqﬁﬂéagtrlng portion 142, another of the sensors 154 may
be positioned internal to the
The sensor 154 may alternatively, or additionally, be a pressure
sensbr, temperature sensor, or any other type of sensor. For
example, the sensor 154 may be utilized to indicate pressure applied
10 to the string portion 142 or a pressure differential across the string
portion. To indicate a pressure differential across the string portion
142, another of the sensors 154 may be positioned internal to the

string portion.

The sensors 158, 160 may be pressure sensors, In which case

15 indications of pressure above and below the packer 144 may be
communicated vié the devi_ées 150, 152 to the tool 146 and stored
therein or transmitted to a remote location. The sensors 158, 160
may be included in thé packer 144, and may indicate a pressure

differential a'cross a seal member or element 168 of the packer.

20 Note that the device 152 is remotely located relative to the
sensors 156, 158, 160 and packer 144. Thus, it will be readily
appreciated that a communication device is not necessarily included

in a particular item of equipment or in the same item of equipment



string portion. The sensors 158, 160 may be pressure sensors, in which case
15 indications of pressure above and bel ow the packer 144 may be

conmuni cat eqyeyhfussdye devi ces 150, 152 to the tool 146 and yiraiseghsziher ein
or transmtted to a renote |ocation. The sensors 158, 160 may be incl uded
in the packer 144, and may indicate a pt@dsure differential across a seal
menber or el enment 168 of the packer. 20 Note that the device 152 Is
renotely located relative to the sensors 156, 158, 160 and packer 144.

Thus, it will &sea seardelof datapsomnuirddatatbby she aevice, mkeepintewitiethe not
necessarily included in a particular itemof equipnent or in the sane item

of equi pment \¥piRdiplés3SFtrddrddenlinveitfon- 29 as a source of data

comuni cated by the device, in keeping with the principles of the present

i nvention. Referri ng addi ti n,%j ly nowto FIG _7, the packer 144 |Is shown In
an enl arged quart eRE &n%ﬁ‘i@' ANy nowtR; RIGy 7.he pagkercliidos shown in 5

depicted as actually Including multiple individual sensors 162, 164, 166.
The packer 144N gbjayaed aurrteesectionaleviewt & dhisnvievgsthevsensor 156 isadi al | y
outwardly extended into sealing engagenent with a wellbore 170 of the :
wel | . FI G 57 «lepictathiastactualbye imcladigriphyitiin® indblidoall sensereiqe2 168, t he 10
packer 144. Confirmation that the seal assenbly 180 is properly positioned
relative to tMmé6pahiecpackes 149 incioded etelseapmepsbér 6n efgAt 168, which

is radially outwardly extended into sealing engagement with a

wellbore 170 of the well.

FIG. 7 also depicts a seal assembly 180 sealingly received in the

10 packer 144. Confirmation that the seal assembly 180 is properly
positioned relative to the packer 144 is provided b\) a position sensor

178 of the packer. The position sensor 178 is connected to the
device 152, so that an indication that the seal assembly 180 is
properly positioned relative to the packer 144 may be transmitted to

15 an operator. Thé position sensor 178 may be a proximity sensor, a
hall effect device, fibef optic device, etc., or any other sensor
capable of detecting the position of the seal assembly 180 relative to

the packer 144.

The sensor 162 may be a compression or pressure sensor

20 configured for measuring compression or pressure in the seal
member 168. The sensor 166 may be a temperature sensor for
measuring the temperature of the seal member 168. Alternatively,

one or both of the sensors 162, 166 may be a resistivity sensor, strain



178 of the packer. The position sensor 178 is connected to the device 152,
so that an indication that the seal assenbly 180 is properly positioned
rel ative tWobiispacker 144 may be transmitted to 15 an epemsids722The
position sensor 178 may be a proximty sensor, a hall effect device, fiber
optic device, etc., or any other sens@0- capable of detecting the position
of the seal assenbly 180 relative to the packer 144. The sensor 162 may be
a conpression or pressure sensor 20 configured for neasuring conpression

Or pressure depsbh ®rIvardnes® 5&8sorl 6fhus] e wik s reddily apprdofatedt thater at ure
sensor for neasuring the tenperature of the seal nenber 168.

Al ternativelgq or s 6868 it the lofcKErY ithvitstivity
_srﬁnsor_, st _rieu r¥ \F\gﬁglﬁgggg P@%\{JSCD?%UZ . Sohseﬁg%r o?&ﬁaﬂjnesst sensor.
Thus, it wi | ' SRt | i sensor may be
included in Jﬁ%@ﬁ‘i‘%ﬁ’ﬁﬁ%\?ﬁiﬂéﬂfﬁ@%g{ﬁ ng 'P)régﬁntlta e principles of the
present invention. The sensor 164 is a special type of sensor incorporating
5 principles of The sersorntl6dniseat specialiHypse @fosensr incorp@Eatiag portion
172 configured for inducing vibration in the seal nmenber 168, and a

portion 1574 mranéiplasr o fhe present iingertiorsoThet sensorgdédcinchidesha seal
menber. I n operation of the sensor 164, the vibrating portion 172 is

?gt {/Yﬁ gf‘et Dot gg%%@ifmrbanf&mcﬁﬁwtm@tm imthetseal seenberber 168
168, and a portion 174 configured for measuring a resonant
frequency of the seal member. In operation of the sensor 164, the
vibrating portion 172 is activated to cause a projection 176

10 extending into the seal member 168 to vibrate. For example, the
vibrating portion 172 may include a piezoelectric crystal to which is
applied an alternating current. The crystal vibrates in response to
the current, and thereby causes the projection 176, which is
attached to the crystal, to vibrate also. This vibration of the

15 projection 176 in turn causes the seal member 168 to vibrate. Of
course, the crystal could be directly contacting the seal member 168,
in which case vibration of the crystal could directly cause vibration
of the seal member 168, without use of the projection 176. Other

methods of inducing vibration in the seal member may be utilized,

20 . without departing from the principies of the present invention.

When vibration has been induced in the seal member 168, it
will be readily appreciated that the seal member will vibrate at its

natural or resonant frequency. The frequency measuring portion



vibrating portion 172 may include a piezoelectric crystal to which is
applied an alternating current. The crystal vibrates in response to the

current, angydf@isgdy causes the projection 176, which is péh@ehedfo the
crystal, to vibrate also. This vibration of the 15 projection 176 in turn

causes the seal nenber 168 to vibrate. .@4- course, the crystal could be
diirectly contacting the seal::nenber 168, in which case vibration of the
crystal could directly cause vibration of the seal member 168, without use

of the proj eCt‘l'ﬂl”ﬂé éi:gs %Befesoﬁﬁhﬁ??éqgénd:»“%@ﬂ)nvb?r 8841 fhehhSes eal

nmenber nmay be util w t hout departing fromthe princi pI es of the

~ present inven 168,
it wll be rtélgg'i?y appreC| a?ﬂha'[tn%sﬁgsggg% 'g\ﬁbﬁf"@ﬁﬁaéggw its
natural or a n syri rtion 01/ 18357
PCT [ IS0 237393 Bbyicel Hiticlea, H° e Y OFde, 74k naesﬂ%&?x«fmma@v‘ﬁ bf the

seal menber d dat a indi cat this r sonant f requency

comuni cat ed ?“Sﬂ'ﬂ'éﬂ&é'v Q adempfte @gupﬁ tNe ?56?1: it4ls 1y "%@Qﬁ‘s&@éf@fherel n-
and/or transmssion to a rempte |ocation. Note that it is not necessary
for 5 the i bitBei wépratinor aaau&r@@lymsmeasyriﬁar PasHONS 7972, 1124 tt® he
separate portions of the sensor 164 since, for exanple, a piezoelectric
crystal may b&epakatebdqortians noficthei sensdromMeh sineesefdr etample, w58 and
to detect vibration of the seal elenent. The resonant frequency of the seal
menber 168 mapiérnsieetric crystai may be used both to induce vibration in the seal

element 168 and to detect vibration of the seal element.

The resonant frequency of the seal member 168 may be used,

10 for example, to determine the hardness of the seal member and/or
the projected useful life of the seal member. The strain in the
tubular string 148 as detected by the sensor 154 may be used, for
example, to determine a radius of curvature of the string and/or the
projected useful life of the string. Thus, a wide variety of useful

15 information regarding items of equipment installed in the well may

be acquired by the tool 146 In a convenient manner.

The device 152 may be supplied with power by a battery or
other power source 153. The power source 153 may be included in
the packer 144, or it may be remote therefrom. It is to be clearly

20 understood that any means of supplying power to the device 152
may be utilized, without departing from the principles of the
present invention. The power source 153 may also supply power to

the sensors 154, 156, 158, 160, 178 associated with the device 152.



10 for exanple, to determ ne the hardness of the seal nenber and/or the
projected useful life of the seal nenber. The strain in the tubular string
148 as detwgbde@ss®py the sensor 154 may be used, for exaqriuspi/d3mzdet er m ne -
a. radius of curvature of the string and/or the projected useful life of
the string. Thus, a wde variety of us® ul 15 infornation regarding itens
of equipnent installed in the well may be acquired by the tool 146 in a
conveni ent manner. The device 152 nay be supplied with power by a battery
or ot her powdterpatively, @as.orrmrpmﬁ%eﬁnse@ 1%8 196y 138 160c1T&IBW@Yi n  t he
packer 144, or it may be renote therefrom it is to be clearly 20
under st ood t lhaveamypowen sooirce; usidhy asip. patkaryt comiingdvtheremdth aray be
utilized, without departing fromthe principles of the present invention.

The power soumtegribtheretoabe chatiaplemotevpower saureesis maatr sedded tH56, 158,
160, 178 associated with the device 152. O WO 01/18357 PCT/ USCQ 23722 -32

Al ternati vel hpepate fiie §8HsoroNdtbehatany bs thée H4thébSensby 50150 52158 nay have
a power source, such as a. battery, conbined therewith or integral

thereto, %0 YRA! 150, MEPOHESPIER abOVE Bfay SlsO Ghcleieds hdver solres! ant he
sensor. Note that any of the other sensors 50, 51, 52, 54, 5 118, 120, 132

descr i bed abayen B Methids U 180PMIE beSaticd abblle, 83We sditeenet hods

10, 100, 140 descri ove, a power source Included In any sensor used
'n the met hog, 4RYed iRP4Hy REHSSr LSed in the method may supply power to

operate its associated communication device.

A memory device 182, such as a random access memory device,

10 is shown in FIG. 7 included in the packer 144 and interconnected to
the sensors 162, 164, 166. The memory device 182 is utilized to store
data generated by the sensors 162, 164, 166, and then transmit the
stored data td the fool 146 via the devices 150, 152. In this manner,

the memory device may store, for example, indications of the

15 hardnes$ of, or compression in, the seal elerhent_: 168 over time, and
these readings may then be retrieved by the tool 146 and stored
therein, or be transmitted directly to a facility at the earth's sﬁrface,

for evaluation.

Note that, although the memory device 182 is shown as being

20 included in the packer 144, it may actually be remotely pdsitioried
relative to the packer. For examble, the memory device 182 could

be packaged with the communication device 152. In addition, the

memory dévice 182 mév be connected to other sensors, such as the



operate its associ ated conmuni cation device. A nenory device 182, such as a
random access nenory device, 10 is shown in FIG 7 included in the packer

144 and int fsemRested to the sensors 162, 164, 166. The pggyiiRhigsvi ce 182
is utilized to store data generated by the sensors 162, 164, 166, and then

transmt the stored data to the tool 148 via the devices 150, 152. In this
manner, the nenory device nmay store, for exanple, indications of the 15
hardness of, or conpression in, the seal elenent ;168 over tinme, and these

readi ngs nmay tsepsobe1sat rpewes oy dperatedthel Afernddy SieVied 182 ehay e Or be

transmtted directly to a facility at the earth's surface, for evaluation.

Not e that, al twgdtwtﬁ@m?,ﬁ%%f@1§§.§?l;§%5m&ﬁgp%me 20 included in

t he packer 144, it nmay act e renot ositione relative to the
packer. For exanple, the nenory device 182 could be packaged with the
comuni cati on devi Befersing |additionallynownh&o FiGo8y anether methody192
connected to other sensors, such as the WO 01118357 PCT/ USQQ 23722 -33
sensor 154. Pambodying principles oflhveoppessatiinventid nnig\schematicaftyiart by t he
power source 153, or another power source. Referring additionally now to

FIG 8, an@ haepresdndtiVef eflusttatetn prihnchel enethod hagr efetemnVeption is
schematically and 5 representatively illustrated. In the nmethod 190, an

img-em of equi HRNPpmENL 192 MHETEEANEEIRTIN 4 tablilaP$tAhgSoh! AfleliPdm dfte item
equipment 192 includes a nipple 200 or other tubular housing and a
particle sensor 196 of the type capable of detecting particles, such as

sand grains, passing through the nipple.

10 A memory device 198, such as a random access memory device,
is connected to the sensor 196 and stores data generated by the
sensor. The sensor 196 is also connected to a communication device
202. The communication device 202 is configured for
communication with another communication device 204 included in

15 a service tool 206. The communication devices 202, 204 may be
similar to any of the communication devices described above, other

they may be other types of communication devices.

When the tool 206 is received In the nipple 200 and
appropriately positioned relative thereto, the devices 202, 204

20 communicate, thereby permitting downioad of the data stored in
the memory device 198. This data may be stored in another memory
device of the tool 206 for later retrieval, or it may be communicated

directly to a remote location.



equi pnment 192 includes a nipple 200 or other tubular housing and a
particle sensor 196 of the type capable of detecting particles, such as
sand grai Rgg ofyi#3§ N9 through the nipple. 10 A nenory devctasd@@E722such as a
random access nenory device, 1is connected to the sensor 196 and stores
data generated by the sensor. The ser®or 196 is al so connected to a
communi cation device 202. The comrunication device 202 is configured for .
conmuni cation with anot her comruni cati on device 204 included in 15 a

service tool 206poWer tonupevatet then sensorc962@Re Asmory devicesit8sl ar to any
of the communi cation devi ces descri bed above, other they nmay be ot her

types of comgruybpahietbrfimieatioNifiviced1202 @Ay BebSstispliedr ByVepowert he ni pple
200 and approprlately positioned relative thereto, the devices 202, 204

20 comuni calg, IS% GZP%P sBER Mgkt 100 paeee Oaghchiddd e with 2 theOr 3bF the

menory devi ce at a may be stor'ed i n another menory evice of the
F et iOFOESI A et BB maRin e By ZLBUETbE SupPuslel | 7
be. suppi 1 WP TR, e Budalfani 8l jidUice 2Ga  BERsd BBQHEC WY 1 Che
S poner f 1 orANGIBEE GIRRHIPEVEI B16 RRVEE SOUGHE MRY ikoe ?@uﬂsﬂw@h%ﬁ%p' e
sensor, but may be remotely positioned relative thereto.
Note that it is not necessary for the data generated by the
sensor 196 to be stored in the- memory device 198, since data may be
10 transmitted directly from the sensor to the tool 206 via the devices

1202, 204 in real time.

It will now be fully appreciated that the method 190 permits
evaluation of particie flow through the nipple 200 over time. The
data for such evaluation may be conveniently obtained by conveying

15 the tool 206 into the nipple 200 and establishing communication
| between the devices 202, 204. This evaluation may assist in
predicting future particle production, assessing the effectiveness of

a sand control program, etc.

It is to be clearly understood that, although the method 190

20 has been described herein as being used to evaluate particle flow
axially through the tubular member 200, principles of the present
invention may also be incorporated in methods wherein other types

of particle flows are experienced. For example, the sensor 51 of the



anot her alternative, the power source nmay not be included with the sensor,
but may be renotely positioned relative thereto. Note that It is not

necessary fqfodiigssdata generated by the sensor 196 to be pgififsighsrss t he
menory devi ce 198, since data may be 10 transmitted directly fromthe

sensor to the tool 206 via the devices -302, 204 in real _t| mne. It w !I now
be fully appreciated that the method 190 permts  evaluation of particle
flow through the nipple 200 over time. The data for such evaluation nmay be

conveni ently qREBRGE DI BEEY PirticiedesbrOln Wichesse Bartie@nhe?00, and

est abl i shing conmuni cation between t he dévi'ces I's eval uation

Ty assi U1 1 ynPbigh SldaBwaH o the U 50 B AHE dAligtBas oS! g the

ef fectiveness san ontr progr 0 be clearly
understood that, although the nethod 190 20 has been described herein as
bei ng used to eval The anpthad 199 mayalsautiizeyfunotionshpetfermsol byrtheenber
200, principles of the present invention may al so be incorporated In

met hods wher eiconamumicatigresdevitepaag iddseribedwabove. exmflee@ﬂﬁ@l Fave
exanpl e, the sensor 51 of the WD 01/18357 PCTI USQQ 23722 . .35 net hod 10

may be a particehemimicstion devide 202 ﬁl%%ﬁ:d?ﬁﬁidrﬁéﬁefﬂd)t‘he &pﬁﬁﬁahlét@rﬂeml !

of the housing 20 may be eval uated. The nethod 190 may also utilize

functions per fRRfE26) ahRdICRIBA! BhaCtE RoBPYOE 7 opRralivsl 'diRitighaye: For

exanpl e, the
or within a predetermined distance of an operative position, relative

to the item of equipment 192. The communication device 204 may
activate the communication device 202 from a dormant state to an
10 active state, thereby permitting communication between the

devices.

Of course, a person skilled in the art, upon a careful
consideration of the above description of various embodiments of
the present invention would readily appreciate that many

15 modifications, additions, substitutions, deletions and other changes
may be made to the apparatus and methods described herein, and
these changes are contemplated by the principles of the present
invention. For example, although certain types of sensors have been
described above as being interconnected to communication devices,

20 any type of sensor may be used in any of the above described
apparatus and methods, and the communication devices described
above may be used in conjunction with any type of sensor. As

another example, items of equipment have been described above as



5 communi cati on device 202 nmay communi cate to the comruni cation device 204
an indication that the tool 206 is operatively positioned, or wthin a

pr edet er myp@dy/hisgt ance of an operative position, relati verusa/Bine item of -
equi pnment 192. The commruni cation device 204 may activate the communi cation
device 202 froma dormant state to am 38> active state, thereby pernmitting
communi cati on between the devices. O. course, a person skilled in the art,
upon a careful consideration of the above description of various

embodi nent s péingtihtervbanected iy cabingstwags coueprintiplepof the presertat many 15
nodi fications, additions, substitutions, deletions and other changes may

be made to tjngeAtiBA’ MayShé Mcofictatsd e yhetHoIS Aivd Gpparats whegsin changes

are contenplated by the principles of the present invention. For exanple,

al though cer g dp@fifipflertciidintertdrifebaor iitaePRtloBhaN GRS die! N9

. o}
i nterconnected to comrunication devices, 20 any type of -sensor may be used
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but principles of the present  invention may be incorporated in t hods and
appar at us M@N@F@VWPE%'WS‘:@RP%REE@XQW@ Y'J&?rﬂﬁgﬁngrscpﬁg lled In

ot her types of . )
the present invention being limited solely by the appended claims.

WHAT IS CLAIMED IS:



tubul ar strings, such as casi nillir coil ed tubing. Accordingly, the 5

f oregoi ng detail ed description ullﬁll ulﬂ mt IIII under st ood as bei ng given
by way of i ko@igsssi on and exa rit and soefiisedasrizhe

present invention being limted *sol° el ¥ by the "appended claims. WHAT IS
CLAIMED IS: | I~I1"~ 111212 (1111 IIII II 111 WO 011 18357 PCTI USOQ 23722

c.LMs -37- 11 Asystemfor facilitayi.ng downhol e comuni cation between
2 an itemof equipnent installed in a tubular string in a subterranean 3
wel | and a tool conveyed into the tubular string, the system 4 conprising:

5 a fjrst communi cat] eyi C ciated t he equi pment ;
and 7'a second or&?ﬂg@ﬁé{mmm%g \,\fao[%c?ﬁgnpﬂg‘lfa&%o@ lcation
between the first and second devi ces bei ng 9 established when the second
devi c? is Ibitgm ofheguipmrant instalied ina-tubularstring in asubterrameandevi ce.
1 2. The systemaccording to Claim1l, wherein the second device 2 suppl I es

pover3to theefli pad deviowl, coheeged NAtoi thineubbRar istehg, %N@Vs\fét
comuni cate with the second device.. 1 3. The system according to Caim 2,

wherean th 2 supplied by el ectromagneti ¢ waves enmanating from
t he s%cond%ogﬁﬁ(/sm%

5 a first communication device associated with the item of

6 equipment; and

7 a second communication device included in the tool,
8 corﬁmunication between the first and second devices being
9 established when the second device is brought into sufficiently close
0 proximity to the first device.

1 2. The system according to Claim 1, wherein the second device
2 supplies power to the first device, thereby permitting the first

3 device to communicate with the second device.

1 3. The system according to Claim 2, wherein the power is
2 supplied by electromagnetic waves emanating from the second

3 device.

This Sheet Has Been
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This Sheet Has Been Replaced I1ITITITT ~IT1TIT] 11 1111 WO 01/ 18357
1111111211212112121211222 1111 mmg lmmﬂl\mu 1 4. The system according
to claim3yoweaiksi n the 2 ele are ragco/uSegmancy waves.
1 5. The systemaccording to O di m®2, “whtrei n*the power is .2 supplied by
pressure pul ses emanating fromthe second device. 1 6. The system accordi ng
to Caimb5, wherein the pressure 2-gg-ses are acoustic waves.. 1 7. The

system according to Claim?2, wherein the power is 2 supplied by direct
el ectrical contact between the first and second 3 devices. 1 8. The system

coud i g betwdbn ¢ HN T rSetef BeBiRG, ' B, A" lierdif e,

Replaced I, 11111 11111 11111
2 electromagnetic waves are radio frequency waves.
1 5. The system according to Claim 2, wherein the power is
2 supplied by pressure pulses emanating from the second device.
1 6. The system according to Claim 5, wherein the pressure
2 pulses are acoustic waves..
1 7. The system according to Claim 2, wherein the power is

2 supplied by direct electrical contact between the first and second

3 devices.

1 8. The system according to Claim 2, wherein the power Is
2 supplied by inductive coupling between the first and second

3 devices.

_—
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111111 WO 01/18357 11111111 1 —t111 PCT/US00/ 23722 CL MS
-39- 1 9. The system according |n the second device 2
activates tRgoédiigsdy device fro [] LWHW !ﬂm to an act ipegyshidsgn 3

t hereby perm tting conmuni cati on- bet weennt trst and second 4 devices. 1
10. The system according to Claim9, wherein the 2 conmunication between
the first and second devices is via 3gzglectromagnetic waves. 1 11. The
system according to claim 10, wherein the 2 electronmagnetic waves are
radio frequency waves. 1 12. The system according to Qaim9, wherein the

2 conpuni cation befween the first.and second devic via pressyre 3

pul se8 1 15, Tt TYE Blistelf cscar id Sosialthn Witersinghie sedoRu daFE >

pul ses are acoustic waves. This Sheet Has Been Replaced ' ~INIIfl s
L1210 11 activatesdhel first sievice |from a1 dormant statel tolan lactive state,

PCT/[ TSOO 23722 * CL MS

3 thereby permitting communication between the first and second
4 devices.
1 - 10. The system according to Claim 9, wherein the
2 communication between the first and second devices .iS via
3 electromagnetic waves.
1 11. The system according to Claim 10, wherein the
2 electromagnetic waves are radio frequency waves.
1 12. The system according to Claim 9, wherein the
2 communication between the first and second devices is via pressure
3 pulses.
1 13. The system according to Cla'im 12, wherein the pressure
2 pulses are acoustic waves.
—_—
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.40- 1 14. The systemaccording to daim9, wherein the 2 conmunication
betmeen the first and second devices is via .direct 3 electrical contact

bet ween t hgohifisty and second ﬂmmmnun“ ”me syst em egasmiagat o A ai m:
9, wherein the 2 conmunicati rst and second devices is via
I nductive 3 coupling between fhe®fiftst” and second devices. 1 16. The
system according to Claim1l, whereingphe 2 communication between the first
and second devices indicates 3 when the tool is within a predeterm ned

di stance of an operative 4 position of the tool relative to the item of
equi prent. 1 17. The system according. to aim 16 erein Lhe |rst devi ce
2 c¢dmmuni cat e340 t HN& e M e\ACOr &IP a%mgh g€l the 3
positioned relative to the item of equi prrent Thi s Sheet Has Been Repl aced
11121111 1¢ommunication betweenvingl firgBand second' devices is Vlajdl[ectl I

111 PCTIUSO0/ 23722 C Ms -41. 1 18. The system according to Claim 16
wherzei n 1 Brctfigg t?énta%t%%ﬁvﬁémthé?ﬁ'sﬁah@éedmd tlegideso! has an engagenent
menber 3 configured for engagenment with the profile to secure the tool 4
relative to the item of equi pnent, and wherein the conmuni cation

1 15. The system according to Claim 9, wherein the
2 communication between the first and second devices is via inductive

3 coupling between the first and second devices.

1 16. The system according to Claim 1, wherein the
-2 communication between the first and second devices indicates
3 when the tool is within a predetermined distance of an operative

4 position of the tool relative to the item of equipment.

1 17. The system according to Claim 16, wherein the first device
2 communicates to the second device that the tool is operatively
3 positioned relative to the item of equipment.

This Sheet Has Been Rep
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5 between the first and second—devices iHuideEb when the 6 engagenent

menber is aligned with the profy stem according to C aim 18,
wher ei n the“td)'ghs:;ss 2 perm ttel I '” I engagene&brmgmhzl nto
engagenent wth the profil ennt

) c*om‘runl cation between the
first 4 and second deV| ces |nd| cat es that the engagenent nenber is 5
aligned with the profile. 1 20. The syghem according to Caiml, wherein
the first device 2 comrunicates a status of the item of equipnment to the
second 3 device. This. Sheet Has Been Replaced 1111111 1211111 liii 111
1111 WO 01/18357 w0 _LI 11LI1-11111111 PCT/U300/23722 11111114 s -42- 1 21.
The s¥stem accofl8 ndheo SYSLAt 2¢corging ko, Glain; 1@ nwderein dhe Hiemt of s a
val ve, and wherein the status is a position of the 3 valve. 1 22. The
syst eth accaqgliipment Chas ra 9rofilegrtien tadiehaseanoéngagememtranember
packer, and wherein the status of a seal nenber of 3 the packer is

conmugi cat g;%sqﬁqﬁm@l srtﬁoréh irfiént 1 the wne”taC%Lﬂ*zéﬁngeﬁ thigi M 22,

wherein th us I's ardness of the seal nenber e system

accorging tR{Ad %2t?ne Wb%eéf‘ehnfpr?\te?\ttyinbswhereln the communication

5 between the first and second devices indicates when the

6 engagement member is aligned with the profile.

1 19. The system according to Claim 18, wherein the tool is
2 permitted to displace the engagement member into engagement
3 with the profile only when the communication between the first
4 and second devices indicates that the engagement member is

5 aligned with the profile.

1 20. The system according to Claim 1, wherein the first device
2 communicates a status of the item of equipment to the second

3 device.

This Sheet Has Been Replaced
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2 conpressive stress in theWThe system according to

Cl aim 20, wherein. the item of “faportion of the tubul ar
string, angowirgissi n the stat u m‘“‘ “ i n the porcrasecB7zhe t ubul ar
string. This Sheet Has Been mlISIT= WO 01/18357 I LEEEEEL THEnnd
FEErr rreer el PCT/USOO’2§722 - 43 1 26. The systemaccording to
Claim1, wherein comunication 2 betggeen the first and second devices at

| east partially controls 3 operation of the tool. 1 27. The system
according to Caim 26, wherein an engagenent 2 nmember of the tool is

nd bocand devbosttf SYSfEr fiofordiie, b0 hfth 20 HRRI Xpel BehcHF ot ner .

28. The system according to Caim?27, wherein the profile is 2 internally
for@ed. 1eguipmentsissacvaluecand M‘d‘@r@"@] therstatusvised Hesition pfothee s 2
externally fornmed. This Sheet Has Been Replaced | LLLLLEEL TLELELE LI 1L

11113 WO OgaR@357 1112121111 100 EEL LI~ teir 11 11l PCT/USOQ 23722 CL MS
44
1 22. The system according to Claim 20, wherein -the item of
2 equipment is a packer, and wherein the status of a seal member of
3 the packer is communicated to the second device.
1 23. The system according to Claim 22, wherein the status is a
2 hardness of the seal member.
1 24. The system according to Claim 22, wherein the status is
2 compressive stress in the seal member.
1 25. The system according to Claim 20, wherein the item of
2 equipment is a portion of the tubular string, and wherein the status
3 is a strain in the portion of the tubular string.
This Sheet Has Been Replaced
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1 30. The system according to Caim 26, wherein the tool is 2 permtted to
di spl ace a cl osure nenber of trﬂumm.u‘ﬂtlu“e 3 when the

comuni cat | Yo AAagyween the firs b ce 4 i ndipeqigbosdshat a
pressure differential across thé cfosture nénbér is 5 within a

predeterm ned range. 1 31. The system according to claim 30, wherein the
tool is 2 permtted to displace the clggsure nenber to an equalizing
position 3 configured for reducing the pressure differential, but the tool
is 4 permtted to displace the closure rrerrber to an open position only 5

that e pressull: df RESEMTACkaingrith T4l 3 Sulersi i cu@municaiiel 1 32

The system accordin to (aim30, wherein the closure 2 nenber is a
pressre ediefiweeRgthenfiest, aneksecanchaavices iat leastepartiady contiralsl ace
the pressure equalizing nmenber. to an 4 equalizing position configured for
reducgng t loperationof the tbdif erential, but the tool is permtted to renove
the pressure This Sheet Has Been Replaced 1111111111111121211 111 11 Il WO
01/18357 * ¢ L Ms * PCT/US00/ 23722 -45 6 equalizing nenber fromthe item
of equi pment only when the 7 communication between the first and second

devicgs 1ndicatgs tHal o stem according to Claim 26, wherein an engagement

2 - member of the tool is permitted to engage a profile of the item of

3 equipment when the first and second devices are in sufficiently

4 close proximity to each other.

1 - 28. The system according to Claim 27, wherein the profile is

2 internally formed.

1 - 29. The system according to Claim 27, wherein the profile is
2 externally formed.

This Sheet Has Been Replaced




8 the pressure differential rs—vwf*ﬁﬂrﬁ4m%—ﬁfede{ern1ned range. 1 33. The
system according to Cla|n126 of 2 equi pnent is one of a
plurality wHoesisssct ures inter m’mm’gnl H ' 3 t ubul arcsmsevaz722and :
wherein the item of equi pnent I*s se ' rem 4 the plurality of
structures for operation of the tool therewith in 5 response to the
comuni cation between the first and.-ggcond 6 devices. 1 34. The system

according to Claim33, wherein the tool is 2 programmable for selection of
nmul tiple ones of the plurality of 3 structures for operation of the tool

devilee of encrithi T aystedf ZEBHAR 56, G, MRGERT PecBbETs 200 o

Frererr rererr rH el (rrl W 01/18357 111111111111 1111111111001
PCT/2 TSocpesmitted to fisplacess clagwresnarmbes Qfcthe itemootieguPmMeRnker ei n t he

first device is 2 renptely positioned relative to the remainder of the
ite® of wheguithieecommuitication betweenadcher firsy and Gegcomndl demieesi n t he
first device 2 includes an electronic circuit, and wherein the second

dev'zqe ' SinclicA@SPESt MepFéssar re! diFFéreh'tﬂﬂ'WSsé)ththOGbﬁétmEMSeﬁ'|§ cuit. 1

he system according to Claim 1, wherein the first device
5 within a predetermined range.

1 31. The system according to Claim 30, wherein the tool is
2 permitted to displace the closure member to an equalizing position
3 configured for reducing the pressure differential, but the tool is

4 permitted to displace the closure member to an open position only

5 when the communication between the first and second devices
6 indicates that the pressure differential is within the predetermined
7 range.

1 32. The system according to Claim 30, wherein the closure
2 member is a pressure equalizing member, wherein the tool Is
3 . permitted to displace the pressure equalizing member to an

4 equalizing position configured for reducing the pressure

5 differential, but the tool is permitted to remove the pressure

This Sheet Has Been Replace
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2 includes a magnet, and wherei ce is responsive to a 3
magnetic field produced by the Mﬂjﬁcﬁ Hﬂﬂ system according to Claim
1, wherein heohikisst devi ce ct i ve devipggmsaindrmherein

t he second device is 3 responS|ve to radioactivity. produced by the

radi oactive device. 1 39. The systemaccording to Claim1l, wherein the
first device 2 includes a reed swtchggand wherein the second device is
responsive 5 to actuation of the reed switch. This Sheet Has Been Repl aced
~ll~H X1110 ~~~I Il ~I1~1 111111111111/ -1I I 1 I WO
01118 57* CL S PCT1 1 TSOQ 2372 1- 40. The s te ac or to
Qa1 weBNBIKING Member dramotne item Lsafesewnmexéfq t e and
mhereln t he second device causes 3 the hall effect device to generate an
‘el ect?i cal comnuiication betweenythe first andisecond devices indicates:that he
first device 2 identifies the itemof equipnment to the tool. 1 42. The
syst egn aCCQhé'm%stgré]dﬁfﬂ@réntiahﬁ\ﬁiﬂhlh@ef!Jfédetﬁi‘mmd Farigeponds to a
magnet to activate the first device froma dormant 3 state to an active
state. 1 43. The systemaccording to Claim1l, wherein the first device 2
responds to radioactivity to activate the first device froma dormant 3

t at 1 ti te. .
state 1o an acthye 3al&xtem according to Claim 26, wherein the item of

2 equipment is one of a plurality of structures interconnected in the
3 tubular string, and wherein the item of equipment is selected from

4 the plurality of structures for operation of the tool therewith in

5 response to the communication between the first and second
6 devices.

1 34. The system according to Claim 33, wherein the tool is
2 programmable for selection of muitiple ones of the plurality of
3 structures for operation of the tool therein in response to

4 communication between the second device and a device of each of

5 the selected structures.

This Sheet Has Been R laced




1 44. The system accordi ng the first device 2 responds
to a signal transmtted from eto activate 3 the first
devi ce frowoaigsant state ﬁm mmmnmm Thi s Sheer/usam2sBeen
Replaced 11 1111111 11111(1 Sk--M--5 - k- WO 01/ 18357
1111121121212111112111211 PCT/ USOCQ 23722 -48- 1 45. The system according to
claim1l1, wherein the first device isgg2 connected to a sensor of the item.

of equi pnent and communi cation 3 between the first and second devices
transmts data fromthe 4 sensor. 1 46. The system according to O ai m45,

{0 Graim o, vier the Sysfin EbrBgg B I0AR Wnéﬁﬂ&aérﬁ@y@é\ﬁ%%gédwg
t he -sensor power source. This Sheet Has Been | aced 111111 H 111
111211111nemoteiv: pasitioned refative ta/ E@%Sﬂema&!eﬂ\l of *thtwteﬂbotbm?zz - 49-

1 48. A downhol e valve system conprising: 2 a valve including a closure
mentger seggaipment. positionable in

1 36. The system according to Claim 1, wherein the first device
2 includes an electronic circuit, and wherein the second device is

3 responsive to a signal produced by the electronic circuit.

1 _ 37. The system according to Claim 1, wherein the first device
2 includes a magnet, and wherein the second device is responsive to a

3 magnetic field produced by the magnet.

1. 38. The system according to Claim 1, wherein the first device
2 includes a radioactive device, and wherein the second device is

3 responsive to radioactivity produced by the radioactive device.

1 39. The system according to Claim 1, wherein the first device
2 includes a reed switch, and wherein the second device is responsive
3 to actuation of the reed switch.

This Sheet Has Been Replaced




3 open and cl osed positions, an cation device; and 4 a tool
positlonable relative to the f:ﬂm‘ “m“ﬂumnmerabl e to 5 cause
di spl acenentw@hi/isks cl osure ne etmeen the*open and Gcalwasnssr?
positions, the tool including a second comuni cation device, 7 with
conmuni cati on being established between the first and second 8 devices. 1
49. The val ve system according to C ai-ig748, wherein the tool is 2
permtted to displace the closure nenber only when 3 predeterm ned
acceptable data is transmtted fromat |east one 4 sensor via the first
and second devices. 1 50. The valve system according to C aim 48, wherein
the first 2 device communi cates data indicative of pressure applied to the
3 closure nenber. This Sheet Has Been Replaced 11111111 II1111 lul I'I! 1111
| 1tifig 1111400 <The systemy agaardinecio Giaion 43 whereip the fist daviee- 50 1
51. The val ve system according to C aimb50, wherein the first 2 device is
conne2ted tinclugeseahalkeffettodevice; dnd whereirl th2. sédond device \auess
according to Claimb50, wherein the first 2 device comuni cates data

i ndi cati ve. SRt kb f ' ure nenber. 1 53.
The vgl ve sﬁ%g?nwgccorm\gbgﬁggﬁ% Ef&%%r%a&?ﬁg@@ 2 conmmuni cat ed
fromthe first to the second device, and wherein the

1 41. The system according to Claim 1, wherein the first device
2 identifies the item of equipment to the tool.

1 42. The system according to Claim 1, wherein the first device
2 responds to a magnet to activate the first device from a dormant
3 state to an active state.

1 43. The system according to Claim 1, wherein the first device
2 responds to radioactivity to activate the first device from a dormant

3 state to an active state.

1 44. The system according to Claim 1, wherein the first device

2 responds to a signal transmitted from the second device to activate

3 the first device from a dormant state to an active state.
I —
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3 tool transmts the data catron. 1 54. The val ve system
according to Caim48, wher devi ce comruni cates data

i ndi cati vey@hi/issg position G“l“ﬂmé“mﬂnfm menber to Powusemsmd device. 1
55. The val ve system accord owd & nme54% wherein the first 2 device is
connected to a position sensor. This Sheet Has Been Repl aced |

LLrditoul brrerrraitl 11l PCT/ US00/ 23482 WO 01/]8357 -51 1 56. The val ve
system according to Cl aimb54, wherein the first 2 device is connected to a
pressure sensor. 1 57. The valve system according to C aim54, wherein the
tool 2 transmts the data to a renote |ocation. 1 58. The val ve system
according to Claim48, wherein the tool is 2 permtted to displace the

cl osure nenber to the open position only 3 when a differential pressure
acrdss the cl @girghesystemiaccordingta Clainpriewhenein the firstglevice3®. The

val ve system according to Caim48, wherein the tool is 2 permtted to

di spl ace é&ﬁnéémvt@glfﬁﬁﬁw dﬁmtemelfl Ulﬂnmﬁit anarcorﬁnﬁmifcaqwmd for

redu0|ng a pressure fferential across e closure menber, but the tool

At he. DEBNERNC YRR PR A S4B, Wég @%@uﬁ"%ﬁe?@ﬁi b

Sheet Has Been Repl aced

4 Sensor.

1 46. The system according to Claim 45; wherein the sensor
2 includes a power source.

1 47. The system according to Claim 46, wherein power to

2 operate the first device Is provided by the sensor power source.

This Sheet Has Been Replaced
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terrrrrrr reeerrrr 1111111 V\D 11112171777111111221 NNN
PCTI USOQ 23722 -52 60. The val mfm MI"IH‘!”ang to Oaima48, wherein the
tool inclugEsoerusizr St pressure sSEerRsoL Se ressure orpcadsos/sdzasi de of
the closure nenber, and the valve includes a second pressure sensor
sensing pressure on a second side of the closure nenber. 61. The val ve
system according to Caim48, wherein.igge valve  includes a first pressure
sensor sensing pressure on a first side of the cl osure menber, and a
second pressure sensor sensing pressure on a second side of the cl osure
menber. 62. The val ve system according to Caim48, wherein the tool

I ncl udes an engagenent nenber which is permtted to engage the valve only
when the second device is in sufficiently close proximty to the first

devi cé. This shd8: ASOwabpleualveSteW, COMPBSING:1! Thl T LI 1L/ 1111
PCT/ LTS00/ 23722 MIITT1T11T  -53 1 63. The val ve system according to Claim
48, wperein theavadive irklidinga closare membéry selectivel postiohabfes ‘Fﬁ””eCt ed

in the tubular 3 string, and wherein the valve is selected fromth
plurakity Qpen and closed positions, and a first communication device; and
a4 a tool positionable relative to the first device and operable to
5 cause displacement of the closure member between the open and

6 closed positions, the tool including a second communication device,

7 with communication being established between the first and second

8 devices.
1 49. The valve system according to Claim 48, wherein the tool is
2 permitted to displa_ce the closure member only when

3 predetermined acceptable data is transmitted from at least one

4 sensor via the first and second devices.

1 50. The valve system according to Claim 48, wherein the first
2 device communicates data indicative of pressure applied to the

5 closure member.
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4 structures for operation of herewith In response to the 5
communi cati on between the fi r’ﬂi’iﬁﬂ“ﬁmﬂ UUHW ces. 1 64. The val ve system
accor di ng wo offigdsim 63, wher ei L Oty St ruct ur e PCRAS00£23722 .
conmuni cation device associated therewth, 3 and wherein the tool Is
programmed to activate only the first device 4 froma dormant . state to an
active state. 1 65. The val ve systemS9ccording to C aim 63, wherein each of
2 the structures has a conmuni cation device associated therewith, 3 and

wherein the first device is activated froma dormant state to an 4 active

state only in S S ' ' f 3 e i ' 1 66.
The1val ve syst%ﬁ\ Q@@jﬂﬁ’ﬁﬁ%éﬁﬁ?@ﬂg cgﬁaél'ﬁ?ggflver oerIﬁ Qf‘é(’):ggg%t i on of
the first device is Sla%gl i.ed by the tool. 'BI}J ?] Shelet Has Been Repl aced

|11 @ 1111 ¢dgvicgiscomnegtedina &@Mﬁl%ﬁrl NG Yalve: 1|~ 1111

PCT/ US40/ 23722 CL s Il 1'lIl -54- 1 67. The val ve system according to
Claim 48, wherein the first -2 device is connected to a sensor including a
power source. 1 68. The val ve system according to Claim 67, wherein power

to 42 operate ggether Es:yst@m | Sceortiihbetb Ehihh 805 evisereinctie figstirce. 1
69. 1The val ve '?;st.rgg géclggr ing to dai mg48, wherei n power for

2 device communicates data indicative of a pressure differential across
3 the closure member.
1 53. The valve system according to Claim 50, wherein data is
2 communicated from the first to the second device, and wherein the
3 tool transmits the data to a remote location.
1 54. The valve system according to Ciaim 48, wherein the first
2 device communicates data indicative of the position of the closure
3 member to the second device.
1 55. The valve system according to Claim 54, wherein the first
2 device is connected to a position sensor.

This Sheet Has Been Replaced
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2 operation of the first device is supplied by a power source of the 3
valve. 1 70. The val ve system accormmmnl“ﬂmmmm wherein the power 2
source is r%@ﬂsymposi tioned rel atlil I I 1 71lpchifsodadye system
according to Claim48, wherein the firdt 2 Hevice is remptely positioned

relative to the valve. This Sheet Has Been Replaced 21111111 TI~I11 111
LLTEETEE WO 01718357 1 THELLEL THEREE Myl VI 1L T PCTIUSOD 23722 ¢ L
Ns -55- 1 72. The valve systemaccording to Cl aim 48, wherein the valve
2 further includes an opening forned through a sidewall of the valve, 3

fluid flow ng through the opening when the closure nmenber is in 4 the open
posi ton, ang a %nggﬁ VWV§r3§Fﬂ%E?§€pEQJnﬂwﬁofqlai§'ﬂ e Wherein the fishsi ng a
property of a fluid flowi ng through the opening. 1 73. The val ve system
accori ng tdeviceiisniconnestieddiona pressunesensor. i s a resistivity sensor. 1 74.
The val ve system according to Claim72, wherein the sensor 2 is a

capaci tance sensor. 1 75. The val ve system according to Claim72, wherein
the sensor 2 is an inductance sensor.

1 57. The valve system according to Claim 54, wherein the tool
2 transmits the data to a remote location. )
1 58. The valve system according to Claim 48, wherein the tool is
2 permitted to displace the closure member to the open position only
3 when a differential pressure across the closure member is within a
4 predetermined range.

1. . 59. The valve system according to Claim 48, wherein the tool is
2 permitted to displace the closure member to an equalizing position
3 configured for reducing a pressure differential across the closure
4 member, but the tool is permitted to displace the closure member
5 to the open position only when the pressure differential is within a

6 predetermined range.

_—
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1 76. The valve system according to aim 72, wherein the sensor 2 is a
11

T et L SO

77. A downhol e plug system conprisin: ® 2*a plug assenbly; 3 a first
conmmuni cation device; 4 a closure nenber selectively positionable in
engaged and 5 released positions rghative to the plug assenbly, the

cl osure nenber 6 blocking flow through the plug assenbly in the engaged
position, 7 and flow through the plug assenbly being pernitted in the

rel eased 8 position; and 9 a tool pgsitionahle relative t flrst

devi ce and r A1 Valve SYStareacs ‘ﬁgeﬁﬁeﬁf alpp %é”BﬁB%'@rg bet ween

the engaged 1 and rel eased p03|t|ons the tool including a second

conmuni mmuaes a firstepressuresensomsensing peessuriengnesfinst sislecof thheween t he
first and 3 second devices. 1 78. The plug systemaccording to Claim77,

ol | coCS U ReMEMpErEHd THEO VAR, fRIBRESCH S Bresguft seisorr e

sensing pressure on a second side of the closure member.

61. The valve system according to Claim 48, wherein the vaive
includes a first pressure sensor sensing pressure on a first side of the
closure member, and a second pressure sensor sensing pressure on a

second side of the closure member.

62. The valve system according to Claim 48, wherein the tool
includes an engagement member which is permitted to engage the

valve o'hly when the second device is in sufficiently close proximity

to the first device.

This Sheet Has Been Replaced
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Lrrrerer et e 1l IIIWPCT/LJSOO/ZS?ZZ CL S
-57- 1 79. The plug system acc mnﬂ 8, wherein the first 2
device is coyu@mesE to a press ,”s" M cl osure mpgharsoens730. The
pl ug system according to Caim 78, wher @i ns first 2 device communicates
data indicative of a pressure differential across 3 the closure nenber. 1
81. The plug system according to C ai o538, wherein data is 2 conmmunicated
fromthe first to the second device, and wherein the 3 tool transnmts the
data to a renote location. 1 82. The plug system according to C aim 77,
wherejn the tool to displace fhe c su when
3 predeterm nedsécng?ﬁf@naﬁ%%éwgﬁ&ﬁ ?Pe‘ha\‘m a Péﬁg}ngaﬁé’a' sensor
via the first and second devices. This Sheet Has Been Replaced 11111111
111112 1111lis1ome|of awploraliys©f stnuctures intencannagtedvimithe tubular

PCT/ USOQ/ 23722 S -58 1 83. The plug systemaccording to Claim77, wherein

t he anl | stridgpeamdt Wwateriedindthe! vakvet e sgiected: fromvethé ODMTQI|W| éfsed
pOSI I On

4 structures for operation of the tool therewith in response to the
5 communication between the first and second devices.

-1 64. The valve system according to Claim 63, wherein each of
2 the structures has a communication device associated therewith,

3 and wherein the tool is programmed to activate only the first device

4 from a dormant state to an active state.

1 65. The valve system according to Claim 63, wherein each of
2 the structures has a communication device associated therewith :
3 and wherein the first device is activatéd from a dormant state to an
i} active state only in response £o communication from the second
-5 device.
1 66. The valve system according to Claim 48, wherein power for
2 operation of the first device is supplied by the tool.
This Sheet Has Been Rep

T



3 only when a differential pressure a | osure nenber is. 4 within

a predeterm ned range. 1 84. Tmuﬂ cording to Caim77, wherein
the 2 relweagthsposition is anlll ﬂé"!’g’ i on conf irguusel/B@2 r educi ng
a 3 pressure differential across $heé chkos nber. 1 85. The plug system

according to daim77, wherein the tool 2 includes a first pressure sensor
sensing pressure on a first side of -6 3 closure nenber, and the closure.
menber includes a second 4 pressure sensor sensing pressure on a second
side of the closure 5 nenber. 1 86. The plug system according to Claim77,
further conprising 2 a first pressure sensor sensing pressure on a first
side of the closure 3 nenber, and a second pressure sensor sensing
pressure on a second 4 side, of the closure nenber. This Sheet Has Been
Repfaced - 1111864 1T0e1valve system aceoraingitq Claim 48; whereinthe first 11 ||
1111 W 01/18357 CL MS * PCT/1JS00/ 23722 -59- 1 87. The plug system
acc@r di ngdevicél isioonfiectetcosd sensar inchluding a poweesourceangagenent nenber
which is permtted to engage the 3 closure nenber only when the second
device is in sufficiently close 4 proximty to the first device. 1 88. The
pl ug system according to Caim 77, wherein the plug

1 68. The valve system according to Claim 67, wherein power to
2 operate the first device is supplied by the sensor power source.
1 69. The valve system according to Claim 48, wherein power for

2 operation of the first device is supplied by a power source of the

3 valve.

1 70. The valve system according to Claim 69, wherein the power

2 source is remotely positioned relative to the valve.

1 71. The valve system according to Claim 48, wherein the first

2 device is remotely positioned relative to the valve.

-
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2 assenbly is one of a plurah rnterconnected in the 3
tubul ar string, and wherein t et S sel ected fromthe 4
pturality ofycéssyures for o%mnmﬂﬂ 4l1m)ol t her ewi tplerigRen/B7826SPONSE
to the comunication between the Tdrat andsseeond 6 devices. 1 89. The
pl ug system according to C aim 88, wherein each of 2 the structures has a
conmmuni cati on devi ce associ at ed therewﬁgh, 3 and wherein the tool is
programmed to activate only the first device 4 froma dornmant state to an
active state. This Sheet Has Been Replaced | )111111 111111 1111 WO
01/18357 1 e el resak e ol el PCT/Usoo/ 23722 * CL MS
-60- 1 90. The PRugTRE bR 8V iacgorging 10-€1gim 4dawvbereimtihesralve tne
structures has a comuni cation device associated therewith, 3 and wherein
the f2rst davtiver inclades\an epehing formwedthroaght® sidewall of the Vakvest at e
only in response to communi cation fromthe second 5 device. 1 91. The plug
- syst acc gn ' lami ' first
dovi o 1 5 SLRGnAGKAP Sibidh, tHebpichIRg hert the SIBRAHE rhemiser 17y L m
7. IRET el RyRO%Bon BositioPShE 4 $Bnsbr iRtelddiiedd 6 the HIYEP deVice” 2

power~ sour

5 and sensing a property of a fiuid flowing through the opening.

1 73. The valve system according to Claim 72, wherein thé sensor

2 is a resistivity sensor.
1 74. The valve system according to Claim 72, wherein the sensor

2 is a capacitance sensor.

1 75. The valve system according to Claim 72, wherein the sensor

2 is an inductance sensor.
1 76. The valve system according to Claim 72, wherein the sensor
2 is a particle sensor.

This Sheet Has Been Replaced




1 93. The plug systemaccording to Claim 77, wherein the first 2 device is
connected to a sensor incl Udllmun\uﬂﬁlﬂur"ﬂrml .1 94. The plug system
accordi ng we ofAgasm 93, wher ei per ati on ofpctrBed/isn®t device -
is supplied by the sensor power Soutce” °Thi*s Sheet Has Been Repl aced
Lrrerererr reer reer rer it W o0o1/18357 1 vt il 11111 11111 1
111 PCT/USOCQ 23722 C L S -61 1 95. g downhol e packer system conprising:

2 a packer including a first conmuni cation device and an 3 outwardly

ext endabl e seal nenber; and 4 a tool positionable relative to the first
device and including a 5 second comuni cation device, conmmunication being
established 6 between the first and second devices. 1 96. The packer
system according to Cl aim95, wherein the first 2 device conmunicates data
i ndifcati ve of ﬂeamwnmmepéugtsvstem cemprisingenber. 1 97. The packer
system according to Cl aim96, wherein the first 2 device is connected to a

pregsure sensqy qjgbbgemggker 1 98. The packer system according to Claim
96, wherein the f| rst devi ce communi cates data indicative of a pressure

difgerential a:fu‘??tscommumcatlon device;

4 a closure member selectively positionable in engaged and
5 released positions relative to the plug assembly, the closure member
6 blocking flow through the plug assembly in the engaged position,
7 and flow through the plug assembly being permitted in the released
8 position; and

9 a tool positionable relative to the first device and operable to
0 cause displacement of the closure member between the engaged
1 and released positions, the tool including a second communication

2 device, and communication being established between the first and

3 second devices.

1 78. The plug system according to Claim 77, wherein the first
2 device communicates data indicative of pressure applied to the

5 closure member.

This Sheet Has Been Replaced
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3 the seal nenber. This Shee%-Has‘Bééﬁ”ﬁEﬁTEEEa_ I VIl WD 01/18357 |~

1 T T T Y I A O I B = @4 ﬁm“ml“w“t\“\p s 62 1 99. The packer

syst em accoggioigsssp C ai m 96, RIEITN2 conmuni cetEUsdnsTRt he
first to the second device, and*whéretn™he 3 tool transmits the data to a
renote |location. 1 100. The packer system according to C aim 95, wherein
the 2 first device is renotely positigped relative to the remainder of the
3 packer. 1 101. The packer system according to C aim 95, wherein the 2
packer includes a first pressure sensor sensing pressure on a first side 3
of the seal ne r,.and a second pressyre sen sepnsi ressure. 4 on a
secont side of n?ﬁe TR Piyg pystem aceor miﬂa@%im 2@5 E%r%ﬁcﬁlﬁ ﬁﬁsto Claim
95, wherein the 2 packer is one of a plurality of structures

i nt erzonnecteMice is coanectad boiaPressuragGensat ofitbeLlosure nparaer.i s sel ect ed

fromthe plurality 4 of structures for operation of the tool therewith in
response to the 5 conmmunication between the first and second devices. This

Sheet Has Been Replaced [11I1TITEITE22tl TLEITITT]

A 80. The plug system according to Claim 78, wherein the first
2 device communicates data indicative of a pressure differential across
3 the closure member.
1 81. The plug system according to Claim 78, wherein data is
2 communicated from the first to the second device, and wherein the
3 tool transmits the data to a remote location.
1 82. The plug system according to Claim 77, wherein the tool is
2 permitted to displace the closure member only when
3 predetermined acceptable data is transmitted from at least one

q sensor via the first and second devices.

This Sheet Has Been Replac
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WO 01/18357 | vt x ittt vrert ¢reer 1 rirr PCT/Usod 23722 * CL s -
63 1 103. The packer system aﬁmmﬂmnﬂuﬂlﬁlw 102, wherein each 2 of the
st ruct ur esydnexasass7 conmruni cat i on d therew:’lrmsowmnand wher ei n
the tool is programmed to acti vat e° onlf y"th& ffrst device 4 froma dormant
state to an active state. 1 104. The packer system according to C aim 102,
wherein each 2 of the structures hasd&- communi cation devi ce associ at ed
therewith, 3 and wherein the first device is activated froma dor mant
state to an 4 active state only in response to comruni cation fromthe

seconqyl 5 devi cg3. ThéQFlugTsystancictording eo'Glalne 7¢] wherelrCtiae todbis wherei n
power 2 for operation of the first device is supplied by the tool. 1 106.

The packer ﬁﬂl&@d”‘ﬁ&Qil&':{)ﬁ&gtt‘g\ecglébmeqﬁuemretd‘rﬁ@%ieagédf;9?9&6‘?{ ati on of

the fTrst IcCé 1S su ower source o 1' ~SSheet

5 S50, CEbISTHle s biAdhEl) e ot S s bR, ..

according to C aim95, wherein the
4 within a predetermmed range

1 84. The plug system according to Claim 77, wherein the

2 released position is an equalizing position configured for reducing a

3 pressure differential across the clo_sure member.

1 85. The plug system according to Claim 77, wherein the tool
2 includes a first pressure sensor sensing pressure on a first side of the
3 closure member, and the closure member includes a second
4 pressure sensor sensing pressure on a second side of the closure
5 member.

1 86. The plug system according to Claim 77, further comprising

2 a first pressure sensor sensing pressure on a first side of the closure
5 member, and a second pressure sensor sensing pressure on a second

4 side of the closure member.

This Sheet Has Been Replaced
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2 first device is connected to a a power source. 1 108.
The packer system according to G‘ﬂnmﬁﬂﬂlmf#ﬂm povver 2 to operate the
first deviceyoymsapl i ed by the senser power sso 109 cTARG/BaRKEr
system according to Claim95, whereinthe 2 first deV| ce is connected to a
seal nmenber sensor. 1 110. The packer system according to C aim 109,
wherein the 2 seal nenber sensor is aggenperature sensor. 1 111. The
packer system according to Caim 109, wherein the 2 seal nenber sensor is
a conpression sensor. 1 112. The packer system according to C aim 109,
wherein the 2 seal nenber sensor is a resistivity sensor. This sheet Has
Been Replaced Lrr e reeeritrerrrrr el W 01/18357 11111111 111111
FErer (rrr 1l PCT/UsSOd 23722 * CL Ms -65- 1 113. The packer system
according to cl &7n The pWgsystemmaccardingl torfigim 77¢wberein thettooin
sensor. 1 114. The packer system according to Claim 109, wherein the 2

seal genberinghrges anse drgeﬁmrtsrmnaer whichlis pénmitteeked eﬁtg@dfgeéftﬁécor di ng
to Claim109, wherein t 2 seal nenber sensor is a resonant frequency
Sensog. closure member only when the second device is in sufficiently close

-4 proximity to the first device.

1 88. The plug system according to Claim 77, wherein the piug
2 assembly is one of a plurality of structures interconnected in the
3 tubular string, and wherein the plug assembly is selected from the

4 plurality of structures for operation of the tool therewith in

5 response to the communication between the first and second

6 devices. -

1 89. The plug system according to Claim 88, wherein each of
-2 the structures has a communication device associated therewith,

3 and wherein the tool is programmed to activate only the first device

4 from a dormant state to an active state.

\
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1 116. The packer system according to CraimII5, wherein the 2 seal nenber
sensor induces vibration int | Iﬂuﬂm3 || 117. The packer system
accor di ng wo ofAg3s51m 95, wher ei l"llﬂﬂ Iu ncl udes apgwaisti/Bm2sensor. 1-

118. The packer system accordirng to & a' m*117, wherein the 2 position
sensor indicates a position of a seal assenbly relative to the 3 packer.
This Sheet Has Been Replaced 1111111%pld2111 (111 11 I 11 WO 01/18357 | .
PVt 121122122 10 1 PCT/[JS00/ 23722 L's -66 1 119. The packer

system according to C aim95, wherein the 2 first device conmuni cates data

I ndicative of pasif i 0 S . ti t pagker. 1
1201 A downnol D dbis HllacivshethreoriR; s B8 Wtk sdfp"BE S

tubul ar stri ngmi ncluding a first sensor and a first _ 4 comuni cation device
com?uni catheSHHERIrEsqhas & eammenication device, associatadstherawith,
positionable relative to the first device and including a 7 second

comyuni caghdrwHereiretive firsb idevicens activatedefroma doemant state tdlan The

nonitoring systemaccording to C aim 120, wherein
4 active state only in response to communication from the second

5 device.

1 91. The plug system according to Ciaim 77, wherein power for

2 operation of the first device is supplied by the tool.

1 92. The plug system according to Claim 77, wherein power for
2 operation of the first device is supplied by a power source of the
3 closure member.

1 93. The plug system according to Claim 77, wherein the first
2 device is connected to a sensor including a power source.

1 94. The plug system according to Claim 93, wherein power for
2 operation of the first device is supplied by the sensor power source.

-
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2 the communi cated data is indi catTeofWuTﬁpplied to the first 3
sensor. 1 122. The nonitoring sysiﬂmmml"" aim 120, wherein 2 the
first devi ceya@masgl cates data indld [ "ﬁ”m ssure Ppcaidsh@zont i al
across the tubular string. This Sheet ‘Has Beerf Replaced ~~i IIIO TITIII 1111
LI 1T WO 01/18357 | 1YL FHEEEr vl vt 1 il PCT/USOQ 23722 L M
s.67 1 123. The nonitoring system acg%u'qi ng to Caim120, wherein 2 the
tool transmts the data to a renote |ocation. 1 124. The nonitoring system
according to Caim120, wherein 2 the first device is renotely positioned
relative to the first sensor. 1 125. The nonitoring systemaccording to

Cl aim 120, wherein 2 the tool includes a second sensor sensing pressure on
the interior of 3 the tubular string, and wherein the first sensor senses
- presstire on 4 9Be Axiowhnholepacker systeimrcompirisingl 126. The nonitoring
system according to C aim 120, wherein 2 the first device is one of a
plurapity of coampuci@r IACKRINGSD firstnconifilifeaaon rUé\hpet Wpi¢| 2nString,

and wherein the first device Is 4 selected fromthe plurality o
struciures ] t 0al 1t ewith in response to the
commuMi cat .6&ﬁ‘%m&#t§ﬁg%ﬁ S?almmegg'e%ﬁid devi ces. '

4 a tool positionable relative to the first device and including a

5 second communication device, communication being established

6 between the first and second devices.

1 96. The packer system according to Claim 95, wherein the first

- 2 device communicates data indicative of pressure applied to the seal

3 member.

1 ' 97. The packer system according to Claim 96, wherein the first
2 device is connected to a pressure sensor of the packer.

1 98. The packer system according to Claim 96, wherein the first
2 device communicates data indicative of a pressure differential across
3 the seal member.

is Sheet Has Been Replaced
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Thi s Sheet Has Been Rep Iaced—LL+++++~—rTTTT””'II 11 111 WO 01/ 18357
1111111122222 11111 1111111 3722 -68- 1 127. The nonitoring
system acopodinsgsio Claim1l M\‘Mﬁm e first devipcwuse/arki vat ed ;
froma dornmant state to an: state S3%nly in response to

communi cation fromthe second device. 1 128. The nonitoring system
according to Claim 120, wherein 2 pgper for operation of the first device.

is supplied by the tool. 1 129. The nonitoring systemaccording to Claim
120, wherein 2 power for operation of the first device is supplied by a

pomer source erconnec ' Mbul ar oTop . Joni toring
syst em accor dlgﬁg E‘ CP%? éﬁ%hﬂékg&ﬁ&'v‘% kﬁ&ﬁ%ﬁ&é&?é@g gggﬁ%{gct ed to
a sensor including a power source. 1 131. The nonitoring syst em accor di ng
to @ ai mammmunicated fromdhefirss topdhresecond device, angd whereindhil i ed by
t he sensor power 3 source. This Sheet Has Been Replaced 11111111 111111

- AN ttddlffﬁw%ﬂsﬂﬁﬁdéwmanmommcamm VITL Il 1111 PCTIUSOQ 23722
CL Ms -69- 132. The nonitoring systemaccording to Caim 120, wherein

1 100. The packer system according to Claim 95, wherein the

2 first device is remotely positioned relative to the remainder of the

3 packer.

1 . 101. The packer system according to Claim 95, wherein the
2 packer includes a first pressure sensor sensing pressure on a first side
3 of the seal member, and a second pressure sensor sensing pressure
4 on a second side of the seal member.

1 102. The packer system according to Claim 95, wherein the
2 packer is one of a plurality of structures interconnected in the

3 tubular string, and wherein the packer is selected from the piurality
4  of structures for operation of the tool therewith in response to the

5 communication between the first and second devices.

This Sheet Has Been Re placed
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2 the first sensor is a strai n—senser—1+333—TFhe-nonitoring system
according to C aim 120, wherein ol S or is a tenperature
sensor. 1 1g4 aAkesnonitoring sy,mmmmawlm C ai m 13@q/oeh@sseian 2 the
first sensor i.s a pressure sensorx s toring systemaccording to
Claim120, wherein 2 the first sensor is -associated with an item of

equi prent 3 interconnected in the tubggar string, and wherein the tool is
4 permtted to displace a closure nenber of the itemof equipnent 5 to an
open position only when predeterm ned acceptable data is 6 transmtted
fromjhe first sqQL_via the first and secon vices. 1 136.. The

noni thring syst zﬁ?ac (ﬂ%&ef&\’é{:wg%(ﬁﬂﬂe %%?ﬁm‘ﬁﬁ)ﬁevﬂ?%fﬁa‘f‘e@aﬁmed
acceptabl e data indicates an acceptable pressure 3 differential across the
cl osw? e ne@fethe stiiuctares hasias cegamurigationddevicelassociated thenawit,
01/18357 1 11111111111 CL L OjI 11111 111111 PCT/ USO0/ 23722 * * -70- 1

137. Fhe nemid wherein thttocids progranimed (o activate bhB) the firdt devidéeo!l is
permtted to di splace the closure nenber to an 3 equalizing position when

t he pdedet ?FWS%&W\QSH{ @@t‘é f@éﬁ ajc%i\}é%taté. transmtted fromthe first

sensor.

1 104. The packer system according to Claim 102, wherein each
2 of the structures has a communicaﬁon device associated therewith,
3 and wherein the first device is activated from a dormant state to an
4 active state only in response to communication from the second
'5 device. |

1 105. The packer system according to Claim 95, wherein power
2 for operation of the first device is supplied by the tool.

1 106. The packer system according to Claim 95, wherein power
2 for operation of the first device is supplied by a power source of the
3 packer.

-
~
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1 138. A downhol e connunlcatfaﬁ‘ﬁﬁrhod-—eeanLsLng the 2 steps of: 3

installing an item of eqU|pne ﬂlﬂn tring in a 4 subterranean
wel |, the wbamsss? equi pment ”M]'"ﬂ”'ﬁﬂ!i 5 conmunircaisenes@ryvi ce; 6
conveying a tool into the tuburar sty 1 mg, tooI including a 7 second
comuni cation device; and 8 ‘establishing communi cati on between the first
and second 9 devices. 1 139. The netggod according to Caim 138, wherein

the step of 2 establishing conmunication is performed in response to
positioning 3 the second device in sufficiently close proximty to the

o1/ & 3§$V: Cind(ﬁ"l Sffﬁd?%f@?l S¥eEEh FEERFATG, toafrcll e 7,1,
140 T

supd vi ﬁgfqlg e‘”?:% grﬁgln?\%c&?dg&ﬁg]%%g&o'ﬂ# ea gt r’léséﬁ&%z tlelzaepTﬁe
met hod according to O aim 140, wherein the 2 supplylng power step is

performed by transmtting waves fromthe 3 second device to the first
devi ce.

1 108. The packer system according to Claim 107, wherein power
2 to operate the first device is supplied by the sensor power source.

1 109. The packer system according to Claim 95, wherein the
2 first device is connected to a seal member sensor.

1 110. The packer system according to Claim 109, wherein the
2 seal member sensor is a temperature sensor.

1 111. The packer system according to Claim 109, wherein the
2 seal member sensor is a compression sensor.

1 112. The packer system according to Ciaim 109, wherein the
2 seal member sensor is a resistivity sensor.

I
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1 142. The nethod according to TUaim 141, whereimthe 2 transmtting step
is performed by the second devi [ el ectromagnetic waves. 1
133, The rewpsgimsgording o C HINIMIIHEHIN he™ 2”7 Seamsspadmg step is
perfornmed by the second device genefatind 38 pressure waves. 1 144. The
met hod according to Caim 143, wherein the 2 generating step is perforned
by exciting at |east one piezoelectricgg3 crystal included in the second

device. iuilF W 01/18357 | 1" L0110 ~ib~t0" e et e 1~"1
PCT/1JS00/ 23722 C L S -72- 1 145. The nmethod according to C aim 140,

wherein the 2 pl ying wer step i s pertorned i ctive coupling
betweén 3 the %Hgst)‘bﬁdpga@fnﬁyﬂgﬁﬂﬂ%@'qqg% ‘F%"ﬁgggoa\’@%@‘md g to
Cl aim 140, wherein the 2 supplying power step is perforned by direct

el ect?i cal seahmembes sensEds atShEaini 9eNsoind second devi ces. 1 147. The
met hod according to G aim 138, wherein the 2 establishing conmunication

step further includes activating the first 3 device froma dormant state
to an active state. 1 148. The nmethod according to Caim 147, wherein 2

perfojmance of 4hg aghbVEhtkkt S8 YUctording T Bidift 188, wherein the

2 seal member sensor is a hardness sensor.

1 115. The packer system according to Claim 109, wherein the

2 seal member sensor is a resonant frequency sensor.

1 - 116. The packer system according to Ciaim 115, wherein the
2 seal member sensor induces vibration in the seal member.

1 ' 117. The packer system according to Claim 95, wherein the
2 packer includes a position sensor.

1° 118. The packer system according to Claim 117, wherein the
2 position sensor indicates a position of a seal assembly relative to the
- packer.
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3 between the first and seco . - e nmethod according to

Cl aim 138, further conprising f i1izing the comuni cation
bet ween t hwohings7 and This Shﬁﬂuﬂﬁnmﬁﬁﬂﬂlﬂe‘w aced | ~lecirrusad/astizl | | | HI
LEr 1 11 1 WO01/18357 11111111 LV I "+ 11 111 PCT/ US00/ 23722 GL M
S .73- 3 second devices to determ ne when the tool is within a 4
predet erm ned di stance of an operati-\ggJosition of the tool relative 5 to.
the item of equipnent. 1 150. The nethod according to C aim 138, further
conprising 2 the step of the first device conmunicating to the second

devigce an 3 ijyl caty | A t) 0SJt | d | ative to
the1ictem 4 of{@qum;ﬁé&?1%&#@%@?%@@%@%%%8&Mﬁ%‘ﬁ\’i , further
conprisin 2 the step of utilizing the communication_bhetween the first and
3 s@ond fiEsh caViee ComMuAIcates data NQJsativenef @ ARsition ofca seal 4 i s
aligned with a profile of the itemof equipnent. 1 152. The net hod

acc& di ngassenibby relative toutheéhpackemprising 2 the step of permitting the
tool to displace the engagenent nenber 3 into engagenent with the profile

in response to the indication that 4 the engagenent nenber is aligned with
the profile. This Sheet Has Been Repl aced

1 120. A downhole tubular string monitoring system,
2 comprising:

3 a tubular string including a first sensor and a first
4 communication device communicating data acquired by the first
5 sensor; and

6 a tool positionable relative to the first device and including a
7 second communication device communicating with the first device.

1 121. The monitoring system according to Claim 120, wherein .

2 the communicated data is indicative of pressure applied to the first

3 Sensor.

1 122. The monitoring system according to Claim 120, wherein
2 the first device communicates data indicative of a pressure
3 differential across the tubular string.

This Sheet Has Been Replaced
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~ll~l~ ~111usb [ ~ll~ 111111133311332 00 110
PCT/ US00123722 ¢ L Ms -74- 1 according to C aim 138,
further congyo®igesy 2 the stepUﬁﬂt@"ﬂi”ﬂWﬂ w dat a i ndi airhiéenahnaa St at us
of the itemof 3 equipnent fr ce to the second. device. 1
154. The nethod according to O aim 153, wherein in the 2 comunicating
step, the itemof equipnment is a valvegzand the 3 status is a position of
a closure nenber of the valve. 1 155. T%e met hod according to C ai m 153,
wherein in the 2 comrunicating step, the itemof equipnent is a valve and
t he status i essure. 0 a_closure ne he val ve.

156. Fhe et nod128coTGE MHORIERRRGAVeEETT aRcoEstng RS taimo1ad \inkfel ng
step, the itemof equipnent is a valve, and the 3 status is a pressure

di f f 2 ent i #hedraldransmitssihedatabea igmoke loeation. 1 157. The net hod
according to Caim 153, wherein in the 2 conmunicating step, the item of
equi pnent is a portion of the This Sheet Has Been Replaced ~II~II1 111111
SDl 1l ~I'l~ W 01/18357 1111101 111 tinr fiji i~ 11 1111 PCT/ US00/ 23722

¢ L Sq-75- 3 LURShArTRE midhitdtiflg 'Setehtcotding £6 Giatth12t)AvherefP- ¢ he

t ubul ar

2 the first device is remotely positioned relative to the first sensor.
1 125. The monitoring system according to Ciaim 120, wherein
2 the tool includes a second sensor sensing pressure on the interior of

3 the tubular string, and wherein the first sensor senses pressure on

4 ‘the exterior of the tubular string.

1 126. The monitoring system according to Claim 120, wherein
2 the first device is one of a plurality of communication devices
3 interconnected in the tubular string, and wherein the first device is
4 selected from the plurality of structures for operation of the tool
5 therewith in response to the communication between the first and

6 second devices.

This Sheet Has Been Replaced
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4 string portion. 1 158. The net hod accordlilli to Caim153, wherein in the

2 communi cating step, the ltﬁ“l““ﬂﬂ“lﬁllﬂ I s a portion of the 3 tubular
string, anglobfissstatus is a ular stringcpassismz 1 159.

The net hod according to d ai ni 153, "Whérefn in the 2 communicati ng step,
the itemof equipnent is a portion of the 3 tubular string, and the status
Is a pressure differential across thgg-4 tubul ar. string portion. 1 160. The
met hod according to Caim 153, wherein in the 2 communicating step, the

i tem of equi prrent is a packer, and the 3 status is a pressure appl i ed to

the packer e C

muni cat i ng 'ét pTﬁgh@ﬁa’i'gﬁﬂgg %&Eﬁﬁﬂ%ﬁw@’@ &ﬁéwme‘b’ﬁ&w st at us I's
a pressure differential across the packer. This Sheet Has Been Repl aced
11121111 the-first qavuqqmquated:fmrﬁswqmmt stateoto apaactive statq | |
LT 1~ 11111 11 INMs .76- 162. The nethod according to O ai m 153,
whegei n i oniia response to communication from the second device.

1 128. The monitoring system according to Claim 120, wherein
2 power for operation of the first device Is supplied by the tool.

1 | 129. The monitoring system according to Claim 120, wherein
2 power for operation of the first device Is supplied by a power source
3 interconnected in the tubular string.

1 : 130. The mqnitoring system according to Claim 120, wherein

2 the first device is connected to a sensor including a power source.

1 131. The monitoring system according to Claim 130, wherein
2 power to operate the first device is supplied by the sensor power

3 source.

This Sheet Has Been Replace
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2 communi cating step, the ite acker, and the 3 status
Is a position of a seal assenbl packer. 1 163. The net hod
aecordi ng tw()qﬂhﬁr,lSS wher ei nﬁmm‘ mmi cating stpeushdrz7izt em of
equi pnent is a packer, and the s¢ atwus mi Ssa mardness of a seal nenber of
t he packer. 1 164. The nmethod according to Caim 163, further conprising 2
the step of determning the seal menbggghardness by inducing 3 vibration
of the seal nenber. 1 165. The method according to Claim. 164, wherein the
2 determining step further conprises maasuri ng a resonant frequency 3 of

t he seal nenber. _This Sheet {4631 Been Iaced 1111121 1111 [ 1] I
pcTl Usog 23722 188 oThe gponitoning: SVSFG accerding fo glaim 120.|Wh©r§"M s

-77 1 166. The nmethod according to Claim 153, wherein in the 2

conmii cat ithe firsesensoe i$ astrain semsopnent is a packer, and the 3 status is
a conpression in a seal member of the packer. 1 167. The nethod according
to Caim153, wherein in the .2 conmunicating step, the item of equi pnent
is a packer, and the 3 status is a tenperature of a seal menber of the

packey. 1 168. 1Be "RhAGAHIESHIAG Wstom hetdrding 8 Eafrh™2d! Wherein

2 the first sensor is a temperature sensor.

1 134. The monitoring system according to Claim 120, wherein
2 the first sensor is a pressure sensor.

1 135 The monitoring system according to Claim 120, wherein
2 the first sensor is associated with an item of equipment
3 interconnected in the tubular string, and wherein the tool is
4 permitted to displace a closure member of the item of equipment
'5 to an open position only when predetermined acceptable data is
6 transmitted from the first sensor via the first and second devices.

1 136. The monitoring system according to Claim 135, wherein

2 the predetermined acceptable data indicates an acceptable pressure

3 differential across the closure member.

-—
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2 communi cating step, the item | s a packer, and the 3 status
Is a strain in a seal menber Im ﬁu C}iﬁ |ME169. The met hod according to
Cl ai m 153, wohetgsn in the 2 o p, the it eorakizgmzpnent is a

packer, and the 3 status is a resistivity of.a seal nenber of the packer.
1 170. The nethod according to Claim 153, wherein in the 2 conmmunicating
step, the itemof equipment is a pluggsystem and This Sheet Has Been
Replaced 11111111 2112212 (00l il 222 1 111l Wo 01/18357 L Ms *

PCT/ USOQ 23722 -78- 3 the status is a pressure applied to a cl osure nenber
of the plug 4 system 1 171. The nethod according to Caim 153, wherein in
the 2 communicating step, the itemof equipnent is a plug system and 3
the status is a pressure differential across a closure nenber of the 4

pl ud system 13772 ThenMGRILAHNGSYSEEM RGCORdiNGta CIgEM Hemrwhereinthe 2
comuni cating step, the itemof equipnment is a plug system and 3 the

st aRus i sthe ptesk Us e pérfvittett tal displaces thel clgsase emémber ttoe ant pl ug
system 1 173. The nethod according to Caim 153, wherein in the 2

conmguni cagqigliAhgPpositon Wiier thedytedetErmined Bbeshetie Yatadiithot

4 transmitted from the first sensor.

1 138. A downhole communication method, comprising the
2 steps of:

3 installing an item of equipment in a tubular string in a

4 subterranean well, the item of equipment including a first
5 communication device;
6 conveying a tool into the tubular string, the tool including a

7 second communication device; and

B8 establishing communication between the first and second
9  devices.

1 139. The method according to Claim 138, wherein the step of
2 establishing communication is performed in response to positioning

3 the second device in sufficiently close proximity to the first device.

This Sheet Has Been Replaced
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3 the status is a pressure di fferenttat—across an equal i zi ng nenber of 4
the plug system This Sheet Ha ﬂ |7I [1~I11~11 WO 01/ 18357
11111111 Uidddymisy! | 11'1~ 11 ’ﬁﬂﬂ?ﬂ@lﬂ%ﬂi lll 22 C - 79-pchrkdnhsrhe

nmet hod according to claim138, fwrthetr cbnptising 2 the step of
controlling operation of the tool at least in part in 3 response to data
comuni cation fromthe first device toy4he second 4 device. 1 175. The
nmet hod according to Caim 174, wherein the itemof 2 equipnent is a valve
having a closure nenber, and wherein the 3 controlling step further
corrprlses restric the from 4 djsplacing the closure nenper at

| east?in part ﬂab '8'6 0%?500@'69n¢m&l%9?e &rfMFEhﬁ'écﬂrFEBSml ce to
t he second deV| ce. 1 176. The nmethod according to Claim 174, wherein the
item2f 2theusterrrof supplyinggpoyrretionthe firstrdevigeal leJMgtherﬂmqndand 3
wherein the controlling step further conprises restricting the tool 4 from
di spl®ci ng dé\icequal i zi ng menber at least in part in response 5 to data
communi cated fromthe first device to the second device. This Sheet Has
Been Replaced 11111111 (11111111

1 141. The method according to CIaim 140, wherein the
2 supplying power step is performed by transmitting waves from the

3 second device to the first device.

1 142. The method according to Claim 141, wherein the

2 transmitting step is performed by the second device generating

3 electromagnetic waves.

1 143. The method according to Claim 141, wherein the
2 transmitting step is performed by the second device generating
3 pressure waves.

1 144 The method according to Claim 143, wherein the

2 generating step is performed by exciting at least one piezoelectric

3 crystal included in the second device.

—
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1111111 | WD 01/18357 111 mllllllll 111111 IN I PCT/USOQx 23722 C L

Ms -80- 1 177. The net hod ’H"my m' m 138, wherein the installing
’ng the first pdensemesrel ative 3-

2 step furwbeinssenprises r
to the remainder of the itemo e ui'hnent * 1 178. The nethod according to

Claim 138, further conprising 2 the step of transmtting fromthe tool to
a renote |location data 3 communicatggd-fromthe first device to the second.
device. 1 179. The nethod according to Caim 138, further conprising 2 the
step of connecting the first device to a sensor including a power 3
source. 1 180. The nethod according to Caim2179, further conprising 2 the
step of supplying power to operate the first device fromthe 3 sensor
power source. This Sheet Has Been Re Iaced X1112112022 10 e e ol
LM e e Fhe methpd aecordingy a7 liaimagi4a, wnerein gihe - g1- 1

181. A particle detection system conprising:
2 supplying power step is performed by inductive coupling between

3 the first and second devices.

1 186 The method according to Clalm 140, wherein the
2 supplying power step is performed by direct electrical contact

3 between the first and second devices.

1 147. The method according to Claim 438, wherein the
2 establishing communication step further includes activating the first

3 device from a dormant state to an active state.

1 148. The method according to Claim 147, wherein
2 performance of the activating step permits communication

3 between the first and second devices.

1 149. The method according to Claim 138, further comprising

2 the step of utilizing the communication between the first and

This Sheet Has Been Replaced .
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2 a tubular nenber interconn ring; 3 a particle sensor
configured for detecting flom/ hrough the tubul ar nmenber; 5
a-first comyigmid;on device c m%ﬂmmmﬁm g article sepgggsonB78and 7 a
tool received in the tubular s gol *Including a 8 second

communi cati on device, and comruni cation being 9 established between the
first and second devices. 1 182. The sygtem according to Caim 181, further

conprising a 2 nenory device interconnected to the sensor. 1 183. The
system according to Clain1182 wherein the nmenory 2 deV|ce stores

I ndi c thﬂS of rt e fl h.the t bula er as_detected by
the s2nsor. %Be H %‘?N‘Q&%d wheh, ;e 11tQ9 1181 1WAthin |awo
01/ 18357 | I' III II ! ' | ~'"1 PCT/USOQ 23722 C L -82- 1 184.

The séstem mmﬂﬁtﬁrnyne@l cusianceng ammeraﬁvemositm of thedinolorelative
connected to the first conmunication device. 1 185. The system according to

clai n5184, tehtheiterddfeqaipientansferred fromthe nenory device to the
tool when the first 3 communicati on device- conmmunicates with the second

4 comruni cati on devi ce.

1 150. The method according to Claim 138, further comprising
2 the step of the first device communicating to the second device an
3 indication that the tool is oberativelv positioned relative to the item
4 of equipment.

1 151. The method according to Claim 138, further comprising

2 the step of utilizing the communication between the first and

3 second devices to indicate that an engagement member of the tool
4 is aligned with a profile of the item of equipment.
1 152. The method according to Claim 151, further comprising

2 the step of permitting the tool to clispla_ce the engagement member
3 into engagement with the profile in response to the indication that

4 the engagement member is aligned with the profile.

This Sheet Has Been Replaced




1 186. The system according to Carm I81, wherein indications of 2

particle flow through the tugﬂmu(ﬂmmﬂ‘ ransferred directly 3 from
the parti oy@ofyRB§Or to the t | mm?ﬂllltrst and secoasid722 .
comruni cation devices in real *ifre.*1 M87% The systemaccording to Claim
181, wherein the first and 2 second communi cation devices conmuni cate via
direct electrical 3 contact. This Slyet Has Been Replaced II1I111IL
Lrrrrererrrrererl W 01/18357 1 b ™t e oaaarr et o i

PCT/ US00/ 23722 s -83- 1 188. The system according to C aim 181, wherein

t he second 2 i cat i V| i £3:.R0 ' -

co ni cation f%%ﬁﬁew&&&?’ggﬁfﬁ%lﬁa"ﬁh Hﬁ&?hgg\}{%w'&'%mm cate
with the 4 second device. 1 189. The system according to Cl aim 188,

wherZi n t Hee ster 0fi communisating dafa dndicative:efastatueot thedtem ofig from
the second 3 device. 1 190. The system according to Caim 189, wherein the
2 elzct r oggoipmentWarons the finstdievide tothesecondedevitel91l. The system
according to Claim 188, wherein the power is 2 supplied by pressure pul ses
emanating fromthe second devi ce.

1 - 154. The method according to Claim 153, wherein in the
2 communicating step, the item of equipment is a valve, and the
3 status is a position of a closure member of the valve.

1 155. The method according to Claim 153, wherein in the

2 communicating step, the item of equipment is a valve, and- the

3 status is a pressure applied to a closure member of the valve.

1 156. The method according to Claim 153, wherein in the

2 communipating step, the item of equipment is a valve, and the

3 status is a pressure differential across a closure member of the valve.

1 157. The method according to Claim 153, wherein in the

2 communicating step, the item of equipment is a portion of the
This Sheet Has Been Replaced
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1 192. The system according to-C-aim-191 - wherein the pressure 2 pul ses
are acoustic waves. This Sheet Frerererer reer reer 1l
111 WO 01/ Wﬁsﬁllllllllllllmmﬂﬂlm ‘ﬂ Wll PCT/ [ J9Qfussnids -84 1
193. The system according to d the power is 2 supplied by
direct electrical contact between the first and second 3 devices. 1 194.
The system according to C ai m 188, anr7§| .n the power is 2 supplied by

i nductive coupling between the first and second 3 devices. 1 195. The
system according to Cl aim 181, wherein the second 2 device activates the
first_device froma dornmant state to an active 3 state, thereby permtting
commudi cat WU SEERG; 1ANG ithe; Statys 15 a JessuER andied 1oithe ttHaulagst em
according to Claim 195, wherein the 2 conmmunication between the first and
second devisteEng 'povtien.B el ectromagnetic waves. 1 197. The system according
to Caim196, wherein the 2 electromagnetic waves are radi o frequency
waves.

1 158. The method according to Claim 153, wherein in the
2 communicating step, the item of equipment is a portion of the
3 tubular string, and the status is a strain in the tubular string portion.
1 159. The method according to Claim 153, wherein in the

2 communicating step, the item of equipment is a portion of the

3 tubular string, and the status is a pressure differential across the
q tubular string portion.
1 160. The method according to Claim 153, wherein in the

2 communicating step, the item of equipment is a packer, and the

3 status is a pressure applied to the packer.

1 161. The method according to Claim 153, wherein In the
2 communicating step, the item of equipment is a packer, and the
3 status is a pressure differential across the packer.
—_—
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'~ Fiis Sheet Has Been Reptaced—41l==1 INL~IIII Il Il WO 01118357
111121111121112 VILLE VLT mu

P 23722 * CL Ms - 85 1 198. The
1 , L 2 comuni caidaseesneen t he :
first and second devices:issVia «3 pulses. 1 199. The system

system acGgpgh giszesst 0 Cl aim

according to Caim 198, wherein the pressure 2 pulses are acoustic waves.
1 200. The system according to O aimpg95, wherein the 2 conmunication
between the first and second devices Is via inductive 3 coupling between
the first and second devices. 1 201. The system according to Caim 181,
wherein the 2 conmunicatioh between the first and second devi ces indicates
3 when the tool is within a:predeterm ned distance of an operative 4
position of the tool relative to the itemof equipnent. This Sheet Has Been
Repfaced ~ ~I 11620 1Theomethogd aceerding £o1 Ciaim Ilﬁpﬂlwhﬂ_e;ml imithe 11 111
PCT/ U500/ 23722 WO 01/ 18357 -86- 1 202. The system according to C ai m 201,
whegei n téemimunicatihgistepetheniten oft equipment isex atkeeyand thet the tool
S .

3 status is a position of a seal assembly relative to the packer.

1 163. The method according to Claim 153, wherein in the
2  communicating step, the item of equipment is a packer, and the

3 status is a hardness of a seal member of the packer.

1 ~ 164. The method according to Claim 163, further comprising

2 the step of determining the seal member hardness by inducing

3 vibration of the seal member.
1 165. The method according to Claim 164, wherein . the
2 determining step further comprises measuring a resonant frequencv
3 of the seal member.

This Sheet Has Been Replaced |




3 operatively positioned relative ui pnent. 1 203. The

system according to Caim 181, Ie 2 sensor detects
particle fl qyyaisadsd y through th ﬂ,’m mm#& 1 204. Thasieeam
according. to Claim 181, wherein thetpar sensor detects particle
flow through a sidewal|l of the tubular 3 nenber. This Sheet Has Been

Replaced j lilll~IT11I1T N 111 L1140 01/ 18357 PCT/ US00/ 23722 87

11
AMVENDED CLAINMS TLHELLEL Frrrrrrerrr rerrr e 1l [received by the
I nternational Bureau on 24 April 2001(24.04.01); original clains 1-204

repla ed by anme 5 36 S for faciljtating
downh | e commn?'ﬁl ojﬁﬁéw a#qo(rgﬁﬁéf %é aPHPeﬁﬁ §Ir?l=ﬂj inKt het ubul ar
string in a subterranean well and a tool conveyed into the tubular string,
t he sast emCymmuNicating staps ithe; itesimafieauiponeat.is @ packet; anedthet h t he
item of equipnent; and a second conmuni cati on device included in the tool,

commuBi cat istathsiseeompressionsin arseéat nvembeteof tiee packep. est abl i shed when
t he second device is brought into sufficiently close 10 proximty to the

first device,

1 167. The method according to Claim 153, wherein in the
2 communicating step, the item of equipment is a packer, and the

3 status is a temperature of a seal member of the packer.

1 : 168. The method according to Claim 153, wherein in the
2 - communicating step, the item of equipment is a packer, and the
3 status is a strain _in a seal member of the packer.

1 169. The method according to Claim 153, wherein in the
2 communicating step, the item of equipment is a packer, and the

3 status is a resistivity of a seal member of the packer.

1 170. The method according to Claim 153, wherein in the

2 communicating step, the item of equipment is a plug system, and

This Sheet Has Been Replace
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the second device supplying pﬂblr to the first device, thereby permtting

the first device to comrunic rm!lul ﬂﬁm&d devi ce, the power being
suppl i ed Ryopi/assure pul ses t he secopdrdengrz 6. The
system aecording to Caimb5, mhereln t pressure pul ses are acoustic

waves. 20 8. A systemfor facilitating downhol e communication between an
item of equipnent installed in a tubyggar string in a subterranean well and
a tool conveyed into the tubul ar str|ng, the system conprising: a first
comuni cation device associated with the itemof 2s equipnent; and a
second communi cation device included in the tool t|o bet ween
the3fi rstt%ét%@%ﬁ%adgws,s%ebaﬂm'be 48 anrlasHE] m%ﬂbﬁﬁéﬂ! gg@nﬂ vice is
brought into sufficiently close proximty to the first device, AMENDED
SHEBRT ( ARSNsCem.19) WO 01/ 18357 PCT/ US00/ 23722 - 88 the second device
supplying power to the first device, thereby permtting the first device
to conmunicate with the second device, the power being supplied by

i nductive coupling between

1 171. The method according to Claim 153, wherein in the
2 communicating step, the item of equipment is a plug system, and
3 the status is a pressure differential across a closure member of the

4 plug system.

1 172. The method according to Claim 153, wherein in the
2 communicating step, the item of equipment is a plug system, and
3 the status is a pressure differential across a plug assembly of the

4 plug system.

1 173. The method according to Claim 153, wherein in the
2 communicating step, the item of equipment is a plug system, and
5 the status is a pressure differential across an equalizing member of

q the plug system.

_—
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s the first and second devices. 12. A systemfor facilitating downhol e
conmmuni cati on between an i temmmﬂmml |mst alled in a tubular string

i n a subter nemeassyvwel | and a to the tubulpfrghénisy the
system io conprising: a first*cofmhi fati*on*device associated with the
item of equipnent; and a second conmuni cati on device included in the tool,
communi cation between the first and seggnd devices being is established

when the second device is brought into sufficiently close proximty to the
first device, the second device activating the first device froma dormant

state,to an acti state, t,her er.mtti 0 i cation between the
first Yand second’8evi @Qsm%qcﬁg}é[éﬁmm %Qgﬁaﬁnggﬁeéﬁthﬁé GAPPNSING second
devi ce being via pressure pul ses. 13. The systemaccording to Cl aim 12,

wher e2n t hdh@ stepr ef gontialling copertioncofizthe .taxd at leaste isypartmin
according to Claim9, wherein the comunication between the first and

second deviresponseviceddta commeindcationaronvthedirstaievies tbhnd sécdn@nd
second devices. C L S AVENDED SHEET (ARTI CLE 19)

4 device.

1 175. The method according to Claim 174, wherein the item of
2 equipment Is a valve having a closure member, and wherein the
3 controlling step further comprises restricting the tool from
4  displacing the closure member at least in part in response to data

5 communicated from the first device to the second device.

1 176. The method according to Claim 174, wherein the item of
2 equipment is a piug system having an equalizing member, and
3 wherein the controlling step further comprises restricting the tool
4 - from displacing the equalizing member at least in part in response

5 to data communicated from the first device to the second device.

—_—
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112112 221222200 diilliiil1lll / US00/ 23722 89 15. The

system according to Claim. ni cati on between the first
and secongy@leivisg®s i s via |nd lﬂiﬁﬁl‘ﬂm t ween t per/tsmrs72and second
devices. 5 16. A systemfor fa ¢ e comuni cati on between an

Item of equipnent installed in a tubular strlng in a subterranean well and
a tool conveyed into the tubular strigng, the system conprising: a first
comuni cati on device associated with the itemof 10 equipnent; and a
second connunication device included in the tool, conmunication between

the first and d devi.c evice is
broﬂght Into s 1"| %m%%h@aggbpﬂﬂ&f#%WH@REF‘?@%%@@H‘H t he
comuni cati on between the first and second devices indicating when the
Co0R I's'\Atem FUNEher Rmprises FEMOtAIVAASIIONING: tag EiTst AEYIG® SRt of t he
tool relative to the itemof equipnment. 20 17. The system according to

G agm 16, totee eemdindet iofthedieent ef exuipnmentit es to the second device that
the tool is operatively positioned relative to the item of equipnent. 18.

The system according to Caim 16, wherein the item of

1 178. The method according to Claim 138, further comprising
2 the step of transmitting from the tool to a remote location data

3 communicated from the first device to the second device.

1 179. The method according to Claim 138, further comprising
2 the step of connecting the first device to a sensor including a power

3 source.

1 180. The method according to Claim 179, further comprising
2 the step of supplying power to operate the first device from the

5 Sensor power source.
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25 equi pnent has a profile, the tool has an engagenent nenber configured

for engagenent with the profile ﬂﬂlﬂﬂ(ﬂﬂﬂ“ﬂﬂﬁlﬂﬁl relative to the item of
equi pent , ¥Feesrei n the comu t he fir orar/sesond

devi ces indicates when the engagénefit is aligned with the proflle
30 AMENDED SHEET ( ARTI CLE 19) V\D 01/ 18357 PCT/ [1S00/23722 90 19.' The
system according to Caim18, wherein_igqe tool is permtted to displace

t he engagenent nenber into engagenment wth the profile only when the
conmuni cation between the first and second devices indicates that the
engagenent nenber is aligned s with the profile. 21. A systemfor
facilitating downhol e comruni cati on between an item of equi pnent installed
in a tubular string in a subterranean well and a tool conveyed into the
tubul 4r string, 18ie Aparticle detectipnisystem, sompasingsnmuni cati on devi ce
associated wth the itemof equipnent; and a second comuni cati on device

i ncl ugled in theattaular pembercintercomméetsh in becubulat s second devi ces

being is established when the second device is brought into sufficiently
closez proximty phartidfe 'sehsbr Eonfi§ured for detecting flow of particles

-4 through the tubular member;

'5 a first communication device connected to the particle sensor;
6 and
7 a tool received in the tubular string, the tool including a

8 second communication device, and . communication being

9 established between the first and second devices.

1 182. The system according to Claim 181, further comprising a

2 memory device interconnected to the sensor.

1 183. The system according to Claim 182, wherein the memory
2 device stores indications of particle flow through the tubular

5 member as detected by the sensor.
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the first device conmmuni he itemof equipnment to the
second device, the item of ' i a valve, and the status 20

bei ng a pagdbi/sssof the vaum“ “Hﬂmumem accor di ngetouSieasrm21,
wherein the itemof equip ¢! S. ampacker, and wherein the status of a
seal nmenber of the packer is comrmunicated to the second device. 25 23. The
system according to C aim22, whereigt-he status is a hardness of the seal

menber. 24. The system according to Claim22, wherein the status is 30
conpressive stress in the seal nmenber. 11~'II1II]l~~""~~1 1'"111t1~11~~11 M s

PV 1orLie The syt Suotkabdd v, Clalin o7 WPESEln e rhematvy o1,
wherein the itemof equipnent is a portion of the tubular string, and
wheRei n t@evieeds gonnecteddo the first cormmunicasiondevige.t ubul ar string. 5 26.

A systemfor facilitating downhol e comruni cati on between an.item of
equi pnent installed in a tubular string in a subterranean

1 185. The system according to Claim 184, wherein data is
2 transferred from the memory device to the tool when the first
3 communication devicer communicates with the - second

4 communication device.

1 ~ 186. The system according to Claim 181, wherein indications of
2 particie flow through the tubular member are transferred directly
3 from the particle sensor to the tool 206 via the first and second

4 communication devices in real time.

1 187. The system according to Claim 181, wherein the first and

2 second communication devices communicate via direct electrical

3 - contact.
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wel | and a tool conveyed into the tubu r+Ag— the system conprising:
10 a first comruni cati on devi ce”mngm' ' the itemof equipnent; and
a-second co higsyi on device i I’mmj”mni ol , comMpiirRihi/Set ween
the first and second devices beihg ¢ edtalsl i shed when the second device is
brought into sufficiently close is proximty to the first device

communi cation between the first and segend devices at |east partially
controlling operation of the tool. 27. The system according to C aim 26,
wherein an engagenent 20 nenber of the tool is permtted to engage a
profile of the itemof equipnent when the first and second devices are in
suffidiently cl d88- Pphe:g¥steln agcerding taLflaimgi8hwherein thecsesendg t o
Claim 27, wherein the profile is 25 internally forned. 29. The system
accor i ng tcormnimnicationmidsvice suppligsopoveer €0 the dfirstl communichtigWENDED
SHEET (ARTI CLE 19) WD 01/18357 PCT/ US00/ 23722 - 92 30. The system
accorging Idevite, CeiboyBermIttingTheontst deviee'td coRfmuRicateAvtiPAe ¢ OSure

menber of the item of equipnent e comuni catl on between the first

and sgcond flewhtfdevice.

1 . 189. The system according to Claim 188, wherein the power is
2 supplied by electromaghetic waves emanating from the second
3 device.
1 190. The system according to Claim 189, wherein the
2 electromagnetic waves are radio frequency waves.
1 191. The system according to Claim 188, wherein the power is
2 supplied by pressure pulses emanating from the second device.
1 192. The system according to Claim 191, wherein the pressure
2 pulses are acoustic waves.

This Sheet Has Been R

[T



I ndi cates that a pressure di fferential—acroess—the closure nenber is 5
within a predeterm ned range. ccording to Caim 30, wherein
the tool iwoopmssitted to di sl)ﬂmmmile ‘iE menber t ecaos@peaki zi ng :
position configured for reductnget r e differential, but the tool
Is 1o permtted to displace the closure menber to an 'open position only
when the communi cation between the fggst and second devices indicates that
the pressure differential is within the predeterm ned range. 15 32. The
system according to C aim 30, wherein the closure nenber is a pressure

equgl i zi ng nmenj Y Lt t [ 1dd e i ace the pressure
equdl i zi ng nmen T'ﬁggﬁ&%&g&qmég@s?@%q%ﬁpéggﬂhéﬁépq\’géﬁﬁ ng the
pressure dlfferentlal but the tool is permtted to renove the pressure
equd i zi r@ﬁﬂiﬂﬁrb\e(ﬂifﬁfiﬁrﬁmﬁ”ﬁﬁbﬁOBﬁ@qBBb’W&ﬂn the fingteand 15ecoOBEhuNni cati on
between the first and second devices indicates that the pressure

di f Berentdevices. Wthin the predeterm ned range. 33. The system accordi ng
to Claim26, wherein the itemof 25 equipnent is one of a plurality of

structures interconnected in the tubular string, and wherein the item of
equi pnent is selected from the plurality of structures for operation of

secdnd devi cagd i ThE syEfEIRAEBrbing 15 GRIF, e YhBReREAE BbkeFis ' Tt N

2 supplied by inductive coupling between the first and second

3 devices.
1 195. The system according to Claim 181, wherein the second
2 device activates the first device from a dormant state to an active

3 state, thereby permitting communication between the first and

4 second devices.

1 196. The system according to Claim 195, wherein the
2 communication between the first and second devices is via
3 electromagnetic waves.

1 197. The system according to Claim 196, wherein the

2 electromagnetic waves are radio frequency waves.
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M S AMENDED SHEET ( ARTI CLE 19) /23722 93 1111111111
[1JI 11 1 i 34. The system accofgh ' , Wherein the tool is
progr ammebl gud f1ss@! ection of ”U“ Wmllﬂlmm [me pl ur al ircynshoasssy uct ur es
for operation of the tool thereinsIncresponse te communication between the
second device and a device of each of s the selected structures. 35. A
system for facilitating downhol e commuggcati on between an item of

equi pnent installed in a tubular string in a subterranean well and a tool
conveyed into the tubular string, the system 9o conprising: a first

conmmuni cation device associated with the itemof equipnent; and a second
comuni cation device Included In the tool, comunication between the first
and second devices being 15 established when the second device is brought
into dufficient P8¢l oskhe psysten  according fto sClaiavi 485, twaereinst thevi ce
being renotely positioned relative to the remainder of the Item of

equi pgent . dmdfunitatiort petivieerf ehelfirstantbsesond devices s iactessnrect ween
an itemof equipnent installed in a tubular string in a subterranean

3 pulses.

1 -199. The system according to Claim 198, wherein the pressure
2 pulses are acoustic waves.

1 200. The system according to Claim 195, wherein the
2 communication between the first and second devices is via inductive

3 coupling between the first and second devices.

1 201. The system according to Claim 181, wherein the
2 communication between the first and second devices indicates
3 when the tool is within a predetermined distance of an operative
4 position of the tool relative to the item of equipment.
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wel | and a tool conveyed into Bilg, the system conprising: a
first conmuni cation device asst ﬁﬂﬂﬁ r ﬁuﬂ!wgﬂiten1of 23 equi pnent; and a
second COR\ypi/Eat7 on device inChk i |, commppira@éeBmzbet ween -

the first and second devices being established when the second device is
brought into sufficiently close proxi8+y to the first device AVENDED
SHEET (ARTI CLE 19) WO 01/18357 PCTIUSOQ 23722 - 94 the first device _
i ncluding a magnet, and the second device being responsive to a magnetic
field protluced bpozheTheegystém ac&drdirvig stos Okinf 201 ¥héreimtthed filspwnhol e
communi cati on between an item of equipnment installed in a tubular string

in a subterrgafes communitdtés (89! tHe NseoRd | dévicé henat biHeartodl 10, the
system conprising: a first comruni cation device associated with the item

of 1lo ey tw%“ppaﬂgg?gaqugﬁgyggg@%H%Q%g?éhﬁﬁgh@ﬁkyded in the tool

conmuni cati on between t Irst vi ces being established when
the second device is brought into sufficiently close proximty to the

first device, 203 The system according to Claim 181, wherein the particle

2 sensor detects particle flow axially through the tubular member.

1 204. The system according to Claim 181, wherein the particle
2 sensor detects particle flow through a sidewall of the tubular
3 member.
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15 the second device including a radioactivé device, and the proximty
between the first and second devices being indicated by the response of

t he second o radioactivity. .39. A systemfor faci b ownhol e
comuni catlgﬁd@%?\?i\g/gen 20 an item of _equi pnent installed |1Jr‘;~J a t{)J zd

st—n—ng—l—n—a—gub%e%F&nean wel | and”a®od6l conveyed into the tubul ar strl ng,

T'“Immfm ﬁm Ing 5. rSt comint call on deVI ce aSSOCI ated with the
¢ conmuniscats o e P A %&% F' >

establ | shed when the sec eV| cels r@%ugﬁe. nto su ently cl ose
proximty to the first deV| ce, the first device incl ud| ng a reed switch,
and the second 305da\systenhomipcilisatiog slownhelegorpaunisation befaveered switch.
FLribllitliji oo : 357
PCT/ US00/ 2372%H daEH Efgelqklésﬁ;}é ¢ emtor Bgﬁﬁg@ﬁﬁﬁﬁé%bﬁéﬁﬁm I on
bet ween an itwall odnd egutqnieaenveyedalinted the &ubwibll Kringt rtheg svstem’
subt erranean &ﬁjf‘l"r@iﬁ .a tool conveyed into the tubular string, the system
S conpri sing: r'St “comruni cati on device associated with the item of

5 a first communication device associated with the item of

equipment; and
a second communiéation device included in the tool,
communication between the first and second .devices being
established when the second device is brought into sufficiently close
10  proximity to the first device,
the second device suppiving power to the first device,
thereby permitting the first device to communicate with the second
device, ' '
the power being supplied by pressure pulses
15 emanating from the second device.

6. The system according to Claim 5, wherein the pressure
pulses are acoustic waves.

20 8. A system for facilitating downhole communication between
an item of equipment installed in a tubular string in a subterranean
well and a tool conveved into the tubular string, the system
comprising: B

a first communication device associated with the item of

25 eguipment; and

a second communication device included in the tool,
communication between the first and second devices being
established when the second device is brought into sufficiently close
proximity to the first device,
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equi pnment; and a second comruni cation device included in the tool,
communi cati on between the first and second devices being 1o established

when the fﬁ?ﬁs evice is brought into sufficiently clogeruseR¥hsity to the
first devi%@g esqfi rst device incl Bgl ng a hall effect device, and the

second devi ce causing the hall effé&tt "device to generate an electrical
current. 15 41. A systemfor facilitating downhol e conmuni cati on between
an itemof equipnent installed in a tubular string In a subterranean well

and a tool conveyed igho bbng daihEe AipBlVing howdi® 18 e Airstcaehte,si na: 20 a

first conmunication devi ce associ a Itemo equi pnent’; and a
second conmurtheeebypermittiog tiheclinst ei¢viae tcheompaiinicateowithinineaiscondbet ween
the first and, second devices being established when the second device is
brought into E%ciently close 25 proxinmity to the first device, the
first device identifying power beingsupetjedeinductiveloeuptinglbetveenl1" 1111 *

1111121331 111111 =11, M ' -.
5 the firstand gecond devices.

12. A system for facilitating downhole communication between
an item of equipment installed in a tubular string in a subterranean
well and a tool conveyed into the tubular string, the system

10 comprising:

a first communication device associated with the item of
equipment; and

a second communication device inciuded in the tool,
communication between the first and second devices being

15 established when the second device is brought into sufficiently close
proximity to the first device,
the second device activating the first device from a
dormant state to an active state, thereby permitting communication
between the first and second devices,
20 - the communication between the first and second

device being via pressure pulses.

13. The system according to Claim 12, wherein the pressure
pulses are acoustic waves.

25 :
14. . The system according to Claim 9, wherein the

communication between the first and second devices is via direct
electrical contact between the first and second devices.

_

Y o
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AVENDED SHEET ( ARTI CLE 19) mﬂlmmﬂmm 23722 - 96 42. A system
for facilitati ng downhole co ' ‘an item of equi pnent
installed i gopihddyl ar string ih a“subterranean well andpgriR@seRnveyed
into the tubular string, the system _gconprising: 5 a first conmuni cation
devi ce associated with the itemof” ggui'prrent; and a second comruni cati on
device included in the tool,” communication between the first and second
devi ces being established when the second device is brought into
sufficiently close ,cla p I g o] dalStedep the fi indepnce
responding to a rrag;nsét tiﬁéc{gi\,%/eaétnté t#gﬁrcﬁllh sttogeylaggfér]’on\kgéﬁégprmne state
to an active statemudiRatiansyetiveart the figstidnd sedony devinedisevia dmauctiveat i on
between 15 an _itemo ui nt.. I I in.a tubular string in a

subt erranean -ﬁgppff‘%heﬁ\ﬂpﬁﬁ{fﬁg%mﬂ%@S%rﬁqué Bﬁ\é‘cﬁlbul ar string, the system
conprising: a first comunication device associated with the item of

equi pnent; and 20 a second comruni ﬁat i on devi c?%i ncl uded i.n the tool,

conmuni cat i 8n bet wetn At?Yétqmrf_Qf fag t@&ﬁ)ﬂﬂ“’(ﬁ@\ﬂ EQMERYAIGALIRR REINESRed when
the second devhpgtd® &F e4AI¥mERt thstalfdd M 8tubYiidr! #AAg in a subterranean

well and a tool conveyed into the tubular string, the system

' comprising:
a first communication device associated with the item of
10 -equipment; and

a second communication device inciuded in the tool,
communication between the first and second devices being
established when the second device is brought into sufficiently close

proximity to the first device,
15 : the communication between the first and second
" devices indicating when the tool is within a predetermined distance
of an operative position of the tool relative to the item of

" equipment. '

20 17. The system according to Claim 16, wherein the first device
| communicates to the second device that the tool is operatively
positioned relative to the item of equipment.

 18. The system according to Claim 16, wherein the item of
25 equipment has a profile, the tool has an engagement member
configured for engagement with the profile to secure the tool
relative to the item of equipment, and wherein the communication
between the first and second devices indicates when the
engagement member is aligned with the profile.
30
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proximty to the first device, the first device responding to radioactivity
to 2s activate the first device froma dormant state to an active state.

11111 kgl%% 1111111111111 1111111 ~ M spéyygdubiei SHEET :
(ARTI CLE 1/18357 PCT/ US0Q/ gg722 97 49. A downhol e val ve system

conprising: a valve including a cl 0Sure menber selectively positionable in
open and cl osed positions, and a first conmmunication device; and a tool
positionable relative to the first device and operable to s cause

di spl acement of tfae %gswsgé,ﬁeg@@dmpg_{ \i/ggﬁaﬁgrh_qu)’p%e@@m the @M jpositions,

the tool including a second conmunic evice, Wwth comunication being
est abl i shed permitted ttoe displace thrl esigagamengeciiesrier iNte £89A9YBRAY pernitt ed

to displ ace tglgﬁ'} mgéﬁemwheni &eo&mﬂmﬁ&ﬁlgggwégﬁ gﬁ rReCER abl e data

is transmtt one sensor via ‘'second devi ces.
52. A down hedeonehldesicey shdivatesotimt the@noagersiend merhioel! isgabgredsur e
menber sel ecti vel Bosltionable In is open and closed positions, and a
first conﬁunM@qlﬂé% HEV?cej and a tool positionable relative to the first
devi ce and operable to cause displacenent of the closure nenber between

t he open and

21. A system for facilitating downhole communication between
an item of equipment installed in a tubular string in a subterranean
well and a tool conveyed into the tubular string, the system
10 comprising:

a first communication device associated with the item of
equipment; and ' _

a second communication device included In the tool,

. communication between the first and second devices being

15 established when the second device is brought into sufficiently close

proximity to the first device,
the first device communicating a status of the item of

equipment to the second device,
the item of equipment being a vaive, and the status

20 being a position of the valve.

22. The system according to Claim 21, wherein the item of
equipment is a packer, and wherein the status of a seal member of
the packer is communicated to the second device.

25
23. The system according to Claim 22, wherein the status is a

hardness of the seal member.

24. The system according to Claim 22, wherein the status is
30 compressive stress in the seal member.
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closed positions, the tool including a second comuni cation device, wth
communi cati on bei ng established between the first and second 20 devices

the first deyi nmuni cati ng data indicative of a pres | renti al
across the ﬂ%%%grrenber. LT 11%%1: AR R VAR igrr@ﬁﬁ/{s? ANVENDED
SHEET ( ARTI CLE 19) WO 01/18357 PCT7 US00/ 23722 - 98 54, A downhol e val ve
system conprising: a valve Including a cl:dyi¥is :"W ¢t i vel y
positionable in open and closed positi ons’jml lm Hlmmnfmnl cation
device; and a tool positionable relative tothé fitrst dévite and operable

to s cause displacenent of the closure nenber between.the open and closed
posi tions, the tool25 nthedystgna aceoodithoc bonCiainas21, owhergincthe it@émhof

conmuni cati on bei ng established be en the first an econd,. devices, the
Frrot devi co cORMAMERE fng RAERN alFisroues stine AR WHEERR e SHtife
closure nember i§ 9stram magRNEbraRH 6ethéEubdiaestyiigre syst em according to
Claim54, wherein the first device is connected to a position sensor. 15

56. The val we system according to O aim54, wherein the first
26. A system for facilitating downhole communication between

an item of equipment installed in a tubular string in a subterranean

well and a tool conveyed into the tubular string, the system
comprising: .
10 - a first communication device associated with the item of
equipment; and
a second communication device included in the tool,
communication between the first and second devices being
established when the second device is brought into sufficiently close
15 proximity to the first device - |
communication between the first and second
devices at least partially controlling operation of the tool.

27. The system according to Claim 26, wherein an engagement

20 member of the tool is permitted to engage a profile of the item of

equipment when the first and second devices are in sufficiently close
proximity to each other.

28. The system according to Claim 27, wherein the profile is
25 internally formed. '

29. The system according to Claim 27, wherein the piofile is
externally formed.
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device is connected to a pressure sensor. 57. The val ve system according to
Claim54, wherein the tool transmts the data to a renote |ocation. 20 58.

A downhol ewgahyedspystem conprising: a valve including acahgssssgzmenber
selectively positionabie in open d closed positions, and a first

communi cation device; and a tool positionable relative to the first device
and operable to 25 cause displacenent of the closure nenber between the
open and closed positions, ithe tool including a second conmuni cation

device, with comzpni ¢néisv9témi accorgirabtbsorlmmbes, wakersinetiie tobl and second
devices, Ii!2I11JLiltlvii IIiliillll L S AM ENDED SHEET (ARTI CLE 19) WO

01/ 18357 PCT/ REin0Itbesy 59 dispjace geCipgiiie Mambenef thedtem: of gavinmert  he
cl osure nenb hehotﬁé‘%&ﬁﬁﬂm@&%ﬁd Hetddleh e vkt drd %@eaﬁuaaem:@sssure

across the closure nenb Is wthin a predeterm ned range. 5 . A down
hol e val ve syidigates Ghk iasprlﬁg'SUf& differentiat paERsa the elosdie éﬂf?f’éhﬁ'éﬂs

sel ectively E\R@hﬁﬁ Qgﬁg gr "g‘gfgh%gd closed positions, and a first

conmuni cati o evi C t 0o itionable relative to the. first device
and operable to

31. The system according to Claim 30, wherein the tool is
permitted to displace the closure member to an equalizing position
configured for reducing the pressure differential, but the tool is

10 permitted to displace the closure member to an 'dpen position only
when the communication between the first and second devices
indicates that the pressure differentiai is within the predetermined

range.

15 | 32. The system according to Claim 30, wherein the closure
member is a pressure equalizing member, wherein the tool is
permitted to displace the pressure equalizing member to an
equalizing position configured for reducing the pressure differential,
but the tool is permitted to remove the pressure equalizing member

20 from the item of equipment only when the communication between
the first and second devices indicates that the pressure differential is
within the predetermined range.

33. The system according to Claim 26, wherein the item of

25 equipment is one of a plurality of structures interconnected in the
tubular string, and wherein the item of equipment is selected from

the plurality of structures for operation of the tool therewith in
response to the communication between the first and second

AN R

devices.
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cause di spl acenent of the closure nenber between the open and 1o cl osed
positions, the tool including. a second communi cati on device, with

coemuni cat i %@ﬁw est abl i shed between the TiTst and seceogussb@srges, the
tool being permtted to di'splace the glos AaR-equali zi ng
position configured for reducing a pressu ﬂmlmmm M"‘ﬂﬁa' across the

cl osure nenber, but the tool being permttéd to di pl aexthe cl osure nenber
to the open position only when the pressure differential is within a

predet erm ned rangeys 6GheAsykdufm abeordihy etos CIRTMZ3C arieried e Edolaisval ve
including a closure nenber selectively positionable in open and closed

“positions, andPEOgraremablantani BiRGtian Rfv mutivls, enest Gﬁltrﬁoﬁlqraﬁﬁ\étﬂf
relative to thgelibfires dgd cEpARRMIPSADHR [ foolCHBRiA! TR feqiBite @b {he

cl osure nenber ween e open and | osed positions, the tool Including a
second communi cammunntauondqem@am the eennnmdeutqeoandaauq*@ne%pétﬁacb Hafd

bet ween- t he f| 'i:%é a@gg#e?&p@&ur%ew ces, the tool Including a first pressure

sensor sen5|ng oh a rst side of the closure menber, and the
val ve including a second pressure sensor senS|ng pressure on the second

i I1
,SA:\/(I]EIEDEE tSrl—]EETB(() A%QS%E nPem?or 1‘acn|||ta1:|Jn|gI (Iiown o'le cslrlnlnl‘lunlcla{lonlblet{nj\el CLMS
an item of equipment installed in a tubular string in a subterranean

well and a tool conveyed into the tubular string, the system
10 comprising: '
a first communication device associated with the item of
equipment; and :
a second communhication device Included in the tool,
communication between the first and second devices being
15 established when the second device is brought into sufficiently close
proximity to the first device,
the first device being remotely positioned relative
to the remainder of the item of equipment.

20 ~ 37. A system for facilitating downhole communication between
- an item of equipment installed in a tubular string in a subterranean
well and a tool conveyed into the tubular string, the system
comprising:
a first communication device associated with the item of
25 equipment; and
a second communication device included in the tool,
communication between the first and second devices being
established when the second device is brought into sufficiently close
proximity to the first device
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19) WD 01/18357 PCTI USOQ 23722 100 61. A downhol e val ve system
conprising: a valve including a closure nenber selectively positionable in

open and cwe%gskspositions, and a first comruni cati on dewcgRisogd3ishsd a t ool
positlonable relative to the first gevice and operable to cause

di spl acenent of the closure nenber between the open and. cl osed positions,
the tool including a second comruni cati on device, wth comunication being
establ i shed between the first and second devices, 10 the valve including a
first pressure sensor teenfirstgdevicesinduding a fiagaet,shdd ohe tdeeondosur e

menber, and a, second ressure. Sensor. sensi ressure. on second side of
the cl osure q?é’ﬁ??e;beiﬁ 69290)&%{¥8mﬁﬂoﬁemﬁaﬁﬂﬁgp%3§‘in?f%ﬁma£% N€3 val ve
~including a ghagtéte menber selectively positionable in open and cl osed

positions, and a first conmunication device; and a tool positionable
relative to the first device and operable to cause. di splacenent of the

closure maber beigwed ctdif P Facitting 8o ntdRs cORPhimieston idwicen!
i ncluding a second conmuni cati on device; wth conmini cation being
est abl i shed &8t iieenof gguinment istaligst itha tubplar sE8NgtRa sulfierraneandi ng an
engagenent MeEARErLW £Ndo} conveyed into the tubular string, the system
comprising:
a first communication device assoclated with the item of
10 equipment; and '
a second communication device included in the tool,
communication between the first and second devices being
‘established when the second device is brought into sufficiently close
proximity to the first device,
15 the second device including a radioactive device, and the
proximity between the first and second devices being indicated by

the response of the second device to radioactivity.

39, A system for facilitating downhole communication between
20 an item of equipment installed in a tubular string in a subterranean
well and a tool conveyeéd intc the tubular string, the system
comprising:
a first communication device associated with the iteh of
equipment; and '
25 a second communication device included in the tool,
communication between the first and second devices being
established when the second device Is brought into sufficiently close

proximity to the first device,
the first device including a reed switch, and the second

30 device being responsive to actuation of the reed switch.
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permtted to engage the valve only when the second device is in 25
sufficiently close proximty to the first device. 110121 Il1iil TEEEE TELLI
LI VT M S wobgiviaeEy SHEET (ARTICLE 19) WO 01118357 PCTI USOfdegsngsral 01 63.
A downhol e val ve system conprising: g valve i ncl'uding a cl osure menber
selectively positionable in open and closed positions, and a first

caonmmuni cation device; and a tool positionable relative to the first device
and operable to s cause displacenment of the closure nenber between the
open and closed positions, the tool including a second conmuni cation

device, wth conmmunication being established between the first and second
devi ces, the valve f@ihgvVaad tar faclitating dawnrfoleqommunécatigmbetween

i nt er connect ed Jitbhf of Eiligient ih&tdile@d éf\ﬁ)lﬂé‘ll' ¥ rfbe g sit%k?ﬁ’éﬁ@anf rom

the plurality of structures for operation o erevm
response to thevebndichi 8atencopBve¥Rch inte the stumnar sédogd theesystesn is 64.
The val ve sy, SSteéBéﬂeﬁﬁhgl ng to Caim63, wherein each of the structures has

a comuni cat’l on Ice-associ ated therewith, and wherein the tool is
programmed to acti vat @irsgincgmhgnication devicee aséaotated tdthretite dterheofo an
active state. equipment: and
a second communication device included in the tool,
communication between the first and second devices being
10 established when the second device is brought into sufficiently close
proximity to the first device
the first device including a hall effect device, and the
second device causing the hall effect device to generate an electrical
current.
15

41. A system for facilitating downhole communication between
an item of equipment instalied in a tubular string in a subterranean
well and a tool conveyed into the tubular string, the system
comprising:

20 a first communication device associated with the item of
equipment; and _

a seco.nd communication device. Included in the tool,
communication between the first and second devices 'béing
established when the second device is brought into sufficiently close

25 proximity to the first device,
the first device identifying the item of equipment to the
tool. :
\\
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20 65. The val ve system according to Claim 63, wherein each of the
structures has a communi cation device associated therewith, and wherein
the first wiegi/48s7 S activated froma dormant state to aRCTASW28®R2st ate onl-y
in response to conmunication from gge .second device. 25 66. A downhol e

val ve system conprising: a valve including a closure nenber selectively
positionable In open and cl osed positions, and a first conmunication
device; and a tool positionable relative to the first device and operabl e
to 30 cause di sphackswtenofortfaeilitatirsy dewnhadbe cobwnuricationdeatiesnand |

01718357 pr e is6b) 98 peuipmensstatéd I At hun Sk A getareell g -

second comunjgmtamd &etwddle convéydl datautie aubalarbstring,eshabsyssérmd bet ween
the first and second devices, power for the operation of the first device
being 5 sup@AréarigPot he tool. 68. A downhol e val ve system conprising: a

val ve I ncluding a,CLAguUESiRIMesti6R! B6lickehskobRBed | @ithbItAei tenPs and
cl osed positions, and a first conmunication device; and 10 a tool
posi ti onabl e ealipmensd; 3Pt he first device and operable to

a second communication device included in the tool,
communication between the first and second devices being
established when the second device is brought into sufficiently close

10 proximity to the first device '
the first device responding to a magnet to activate the
first device from a dormant state to an active state.

43. A system for facilitating downhole communication between
15 an item of equipment installed in a tubular string in a subterranean
well and a tool conveyed into the tubuiar string, the system
comprising:
a first communication device associated with the item of
equipment; and
20 a second communication device included in the tool
communication between the first and second devices being
established when the second device is brought into sufficiently close
proximity to the first device,
the first device responding to radioactivity to
25 activate the first device from a dormant state to an active state.

UL

AMENDED SHEET (ARTICLE 19)



cause di spl acenent of the closure nenber between the open and closed
positions, the tool including a second comruni cation device, wth
conmmuni cat i Gig hpigeey est abl i shed between the first and secomehusdesrees, 15
the first device being connected to g4Sensor i ncluding a power source,
power to operate the first device 6eigg'supplied by the sensor power
squrce. 20 70. A downhol e valve system conprising: a valve including a

cl osure nenber selectively positionable in open and cl osed positions, and
a first communi cati g9, Aedowrdolavdiva system pconprisingbl e rel ative to the first
devi ce and operable to cauae disguiﬁgpent of the closyre newpber between

t
the open and 25 cl 8@V HIvAIngS re JHEMBRY YRieTHyElY Pasiipnable n

conmuni cati on dgyeérs nd \Mdseaosositions; ahda ikt iceen®einiddtion'@evibetaRen t he
first and secon devi ces, power for the operation of -the first device
being supplied by & teehdosinnabde selative teafhie firstidaviee and pperapje to ~ -

M AL AEERRSHERRhETH G cllrd O St HROgeA 37 102

t he power sour eing renotely positioned relative t
closed positions, the tool including a second communication device,

with communication being established between the first and second
devices,
the tool being permitted to displace the closure member
10 only when predetermined acceptable data is transmitted from at
least one sensor via the first and second devices.

52. A downhote valve system, comprising:
a valve including a closure member selectively positionable in
15 open and closed positions, and a first communication device; and
a tool positionable relative to the first device and operable to
cause displacement of the closure member between the open and
closed positions, the tool including a second communication device,
with communication being established between the first and second
20 devices
the first device communicating data indicative of a
pressure differential across the closure member.
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the valve. 71. A downhol e val ve system conprising: 5 a valve including a
cl osure nenber selectively positionable in open and closed positions, and
a first cqgankssati on device; and a tool positionable retrmtsouestp the first
devi ce and operable to cause di§pb§cgnent of the closure nenber between
the open and closed positions, thé tool including a second comuni cation
device, 1o with comrunication being established between the first and -
second devices, the first device being renpotely positioned relative to the
val ve. 1s 72. A Awahddvenhaiewalvesystem, comprisitong: .a val ve including a

a first communi ot FoledBoNalRY 5 OHRB Rehther R SBREMDIE I The (et
devi ce and oppealingl ¢losedpositions, spldea firstdonmhunicatidnodevies;amtber bet ween
t he open and 20 cl osed {')ositions { he tool :H%céu i seco

] ] d
communi cati on ded ERO! RASYIORINGFRIALIE; toh thre i %Y'&%%r@h%ef@g?%%n t he

first a”dsse.%gu% diiPHcBRTent! e th@lBub & rhBRTber sétuiiehatite opeenamg f or med
through a sidewall of the valve, fluid flow ng through the openi ng when

the 25 ;|osgmeqmﬂsénionssthﬂ_tpﬁbmbeqﬂlng@sseq | CRMANTICRHB GV connect ed
to the first daytsmmtticIGOs dihd eBaBREAdY betwdeh tHedirst aMlRacomgough  the

openi ng.
devices,

the first device communicating data indicative of the
10 position of the closure member to the second device.

55. The valve system according to Claim 54, wherein the first
device is connected to a position sensor.

15 56. The valve system according to Claim 54, wherein the first
device is connected to a pressure sensor.

57. The valve system according to Claim 54, wherein the tool
transmits the data to a remote location.
20
58. A downhole valve system, comprising:
a valve.including a closure member selectively positionable in
open and closed positions, and a first communication device; and
a tool positionable relative to the first device and operable to
25 cause displacement of the closure member between the open and
closed positions, the tool including a second communication device,
with communication being established between the first and second '

devices,

\
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73. The val ve system accordi ng to Caim72, wherein the sensor 30 is a
resistivity sensor. i L MS, AMENDED SHEET ( ARTI CLE 19) WO 01/ 18357

PCT/ USO0/ 23¢4d01nds¥ 74 The vaI ve system according to C @icHybdeasydaer ei n
the sensor 1S a capacitance sensor. 5 75. The val ve system according to
Claim72, wherein the sensor is an |ﬁduct ance sensor. 76. The val ve system
according to claim72, wherein the sensor is a particle sensor. 10 77. A
downhol e plug system conprising: a plug assenbly; a first conmmuni cation

device; a closure nmenbethé ebEIaieirg! perpsitted wawpqadertmam ieenbdrd
rel eased positions relative to the plug assenb t he cl osure nenber

bl ocki ng flow mrf(ﬁ\?gﬁpﬁﬁepﬁmgna%'gwm ni 4 q]ﬁf@réﬂﬁ%ﬂg@lfﬁséﬂgﬁ BCERss thend 1 ow
th h th I d tion; and a
roug €. %ufiﬁ%ﬁb& B%I@ﬁﬁb%&é@qn‘ilﬁea dd@ eased posi

t ool positionab Ive to t I rst device and operable to 20 cause
di spl acenent of the closure nenber between the engaged

5 59. A downhole valve system, comprising:
a valve including a closure member selectively positionable in
open and closed positions, and a first communication device; and
a tool positionable relative to the first device and operable to
cause displacement of the closure member between the open and
10 closed positions, the tool including a second com_nﬁunication device,
with communication being established between the first and second
devices,
the tool being permitted to displace the closure member
to an equalizing position configured for reducing a pressure
15 differential across the closure member, but the tool being permitted
to displace the closure member to the open position oniy when the
pressure differential is within a predetermined range.

60. A downhoie valve system, comprising:
20 a valve including a closure member selectively positionable in
open and closed positions, and a first communication device; and
a tool posmonable relative to the first device and operable to
cause displacement of the closure member between the open and
closed positions, the too! including a second communication device,
25 with communication being established between the first and second
devices,
the tool including a first pressure sensor sensing pressure
on a first side of the closure member, and the valve including a
second pressure sensor sensing pressure on the second side of the
30 closure member. '
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and rel eased positions; the tool including a second communi cation devi ce,
and commruni cati on bei ng established between the first and second devices.
25 78. Theygbi@ssystem according to Caim 77, -wherein tperfustorbrzzdevi ce
comuni cates data indicative of pr ure applied to the closure nenber.

79. The plug system according to Caim78, wherein the first 30 device is
connected to a pressure sensor of the closure nenber. M

Pttt rrrrrrriri AMENDED SHEET (ARTICLE 19) S WD 01/ 18357

PCT/ USOQ 23722 105 80. The plug system according to Caim 78, wherein the

first device co ' L] | y pressure differential
across the cl osﬂ%%ﬁ%@?\p’%@? E%éﬁﬁkh}g“%srﬁqim according to Caim78,
wherein data is goaeninchididgfa olostiree mémber selectivelyepasitiodaviecia, and
wherein the tool transm,ts the dat ocation. 10 82. The plug

" $tfo€rermtelt .
syst em accor ARRY aRA EOSEHLPRFItIQNSART A tRBCTBURIE '%Pﬁ"{c@eﬁ'?‘?o di spl ace
the closurg nenbes teal postioRabR Asistive b6 the et eleivitel andlaberatsiettbansmi t t ed
fromat |east one sensor via the first and second devices.

cause displacement of the closure member between the open and

closed positions, the tool including a second communication device,

with communication being established between the first and second

devices,

10 the valve including a first pressuré sensor sensing
pressure on a first side of the closure member, and a second

pressure sensor sensing pressure on a second side of the closure
member.

15 62. A downhole valve system, comprising:
a valve including a closure member selectively positionable in
open and closed positions, and a first communication device; and
a tool positionable relative to the first device and operable to
cause displacement of the closure member between the open and
20 closed positions, the tool including a second communication device;
with communication being established between the first and second
devices,
the tool inciuding an engagement member which s
permitted to engage the valve only when the second device is in
25  sufficiently close proximity to the first device.

LT
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15 83. The plug system according to Claim77, wherein the tool is
permtted to displace the closure nenber to the rel eased position only
when a di ffgi&plisddy Pressure across the closure nenber is podstiBIa

pr edet er m ned range. 20 84. The plug ﬁ stem according to Claim 77, wherein
the released position is an equallzﬂ % “position configured for redu0|ng a
pressure differential across the closure nenber. 85. The plug system
according to Claim77, wherein the tool 25 includes a first pressure

sensor sensing pr essgrnd@wmdremamessygt@n@fcdm;grismgosure nenber, and the
cl osure nenber includes a second pressure sensor sen5|n% pressure on a

second side of the @ AYR INGIEAING a qlgsure MEMGSESeREEvelY It@ﬂ?b@)‘nV\D
01/ 18357 PCT/ U@Qéﬂ%ﬁ@%los%@%oﬁ@onsT BAdY HEtTHAIRIhRGERINU IS Qrfd @ M 77,

further conprising a first pressure sensor sensing pressure on a first
side of the closure@ twrmsltrmlergeewa@pmgmt R andsepelialide po essur e

on a second ¢ si desQfoithiBcGHRRYIG BRIBRRuNS mpTPbatyiroUss RACHRE di ng o

Claim77, vvhere I'n an engagemnent” ne _ _
per ni tted to encjasgd pbeltloanls;)ﬁw tooieimokrdiong layseconencamenssicatidn disvicee s I n

sufficiently cl Wwith co%g'n)ﬂmcatt}'on Beltnrbeesct%ﬁshe%%ieg\neleen the first and second
devices, '
the valve being one of a plurality of structures
10 interconnected in the tubular string, and the valve being selected
from the plurality of structures for operation of the tool therewith
in response to the communication between the first and second
devices.

15 - 64. The valve system according to Claim 63, wherein each of
the structures has a communication device associated therewith, and
wherein the tool is programmed to activate only the first device
from a dormant state to an active state.

20 65. The valve system according to Claim 63, wherein each of
the structures has a communication device associated therewith, and
wherein the first device is activated from a dormant state to an
active state only in response to communication from the second
device.

25

66. A downhole valve system, comprising: i
a valve including a closure member selectl\}elv positionable in
open and closed positions, and a first communication device; and
a tool positionable relative to the first device and operable to
30 cause displacement of the closure member between the open and
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10 88. The plug systemaccording to Claim77, wherein the plug assenbly is
one of a plurality of structures interconnected in.the tubular string, and
wherein t Blgss7assenbly is selected fromthe pluraliggyrodeasmactures for
operation of the tool therewith i S_response to the comunication between
the first and second devices. 89. The plug system according to C aim 88,
wherein each of the structures has a communication device associ ated
therewith, and 20 wherein the tool is programmed to activate only the
first devi cecidsednpasitionsyethe toohircltdingna seconck cormhanicdtion Wevigd, ug system

devi ce aasocMHEEOTBHBHAERN 58 SSitihednetibh e dstain 6888 [ Vat ca

froma dor magfeyidegt € to an active state only I'n response to communication

fromthe second device. 91. The p 6; stem according to m 77, wherein
power for 30 operati BAWSF fAk #hersq Q!'@z'PBe qfs t@%pgﬁte@eﬂiﬁet RG] . | |
LEEEEE 1l Ebpe@éd% lthklthol.! 1111 AMENDED SHEET (ARTICLE 19) CL M s
............. y18357 PCT/ US00/ 23722 107 92. The plug system

according to Claim 77, wherein power for
68. A downhole vaive system, comprising:

a valve Including a closure member selectively positionable in
open and closed positions, and a first communication device; and
10 a tool positionable relative to the first device and operable to
cause displacement of the closure member between the open and
closed positions, the tool including a second communication device,
with communication being established between the first and second
devices,
15 the first device being connected to a sensor including a
power source,
. power to operate the first device being supplied by the
Sensor power source.

20 70. A downhole valve system, comprising:
a valve including a closure member seiectively positionable in
open and closed positions, and a first communication device; and
a tool positionable relative to the first device and operable to
cause displacement of the closure member between the open and
25 closed positions, the tool including a second communication device,
with communication being established between the first and second
devices,
power for the operation of the first device being

supplied by a power source of the valve,
—_—
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operation of the first device is supplied by a power source of the closure
menber. 5 93. The plug system according to aim?77, wherein the first
device i s CRu@penisesy t0o a sensor including a power source. gdrusééis7rl ug
system according to Caim93, wherei RoPover for 1o operation of the first
device is supplied by the sensor power  source. 95 A downhol e packer
system conprising: a packer including a first communi cation device and an
outwardly extendabl e seal nmenber; and is a tool positionable relative to
the first device and i ncthedpowes sosieceieing remotebt positideneidceslative to
conmuni cati on bﬁ?ﬁng%!?%t ablished between the first and second devices. 96.
The packer syst Tding to claim95, wherein the first 20 device
comuni cat es data indicative of pressure applied to the seal nenber. 97.

The packer system acgcor to CI m 96, wherein the first device is
connected to a presgﬂr@ d?é‘ﬁylf?'ec‘/\a VEHRYSTRRRKEAMPBISINGS The packer system

accor di ng to? G ai m 36z 190 8hALAIAG S dibdire m‘éﬂ’ﬂb&esél necvr?f}os?t?or‘\’a?dlé‘ in

indicative of a pressure differential across sea
11!11111111111 ¢pen andcloseginasitions, amdmmnsmmca(tmrd@ﬂeerw)d

a tool positionable relative to the first device and operable to
cause displacement of the closure member between the open and
closed positions, the tool including a second communication device,

10 with communication being estabiished between the first and second _
devices, '
the first device being remotely positioned relative to the
valve.

15 72. A downhole valve system, comprising:
a valve including a closure member selectively positionable in
open and closed positions, and a first communication device: and
a tool positionable relative to the first device and operable to
cause displacement of the closure member between the open and
20 closed positions, the tool including a second communication device,
with communication being established between the first and second
devices,
the vaive further including an opening formed throﬁgh a
sidewall of the valve, fluid flowing through the opening when the
25 closure member is in the open position, and a sensor interconnected
to the first device and sensing a property of a fluid flowing through
the opening.

73. The vaive system according to Claim 72, wherein the sensor
30 is a resistivity sensor.
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WO 01/ 18357 PCT/ USOCQO 23722 108 99. The packer system according to Caim
96, wherein data is communicated fromthe first to the second device, and
wherein t R@poi/fa@t7 transmts the data to a renote | ocati egruSeokdR2 The
packer system according to Cl aim95,, wherein the first device is renotely
positioned relative to the remai nder of the packer. 101. The packer system
according. to Caim95, wherein the 1io0 packer includes a first pressure
sensor sensing pressure on a first side of the seal nenber, and a second
pressure sensor sensing pressure on a second side of the seal nenber. 102.

ol ar arity of st rolbul 06 PRE S aPing BRIA 75 Fnetedn BRES8hserd Lncroi n”

t he. packer i Sisaaapatieshdesemsdphe plurality of structures for operation of
the tool therewith in response to the conmunication between the first and

second devices. 20 103. The packer system according to O aim 102, wherein

each of tdie strugtUrRE vBRR sysEMTebbitihg @6 i 92 \ﬁﬁéﬁéih%hé‘éehﬂﬁ*ewm
and wherein the tool is progranmed to activate onl'y the first device from

a dormant st d aNHRAYFIARER FEMASOSt at e.” 25 104. The packer syst em accor di ng
to.d aim 102, wherein each of the structures has a comrmuni cati on device
associ at ed therevm' th, and wherein the first device is activated from a
dormant state to & The valve system according to Claim 72, wherein the sensor

is a particle sensor.
10
77. A downhole plug system, comprising:
a plug assembly;
a first communication device; '
a closure member selectively positionable in engaged and
15 released positions relative to the plug assembly, the closure member
blocking flow through the plug assembly in the engaged position,
and flow through the plug assembly being permitted in the released
position; and
a tool positionable relative to the first device and operable to
20 cause displacement of the closure member between the engaged
and released positions, the tool including a second communication
device, and communication being established between the fir;t and
second devices. '

25 78. The plug system according to Claim 77, wherein the first
device communicates data indicative of pressure applied to the
closure member.

79. The plug system according to Claim 78, wherein the first
30 device is connected to a pressure sensor of the closure member.

_—
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active state only in response to comunication fromthe second device. | M
S AMENDED SHEET (ARTICLE 19) WD 01/18357 PCT/ US00/ 23722 109 105. The

packer syst qppagesdi ng to Caim95, wherein power for operaise@nIRf the
first device is supplied by the tool %05106. The packer system according to
[

Claim95, wherein power 5 for operation of the first device is supplied by

a power source of the packer. 107. The packer system according to Claim
95, wherein the first device is connected to a sensor including a power
source. 10 108. The packer system according to Claim 107, wherein power to

te the first device i ied by th urce. 109. Th
packer  sySt em accordl ndnEHIBEIAIETS, SRREHEGE RHAM Do WneTal, Fae Frse

connected to acdegite dBANINIEARS Aata IddicathiPe oPAGKREsLESdieraranaar &tirbes t O
Claim 109, wherein the seal nenber sensor is a tenperature sensor. 20 111.

The packer systBeCHSHER MYHPE6 O ai m 109, wherein the seal nenber sensor
IS a conpression sensor. 112. The packer system according to C aim 109,

wherein the seal nmenber sensor is a resistivity sensor.
' : 81. The plug system according to Claim 78, wherein data is

communicated from the first to the second device, and wherein the
tool transmits the data to a remote location.

10 82. The plug system according to Claim 77, Wherein the tool is
permitted to displace the - closure member only when
predetermined acceptable data is transmitted from at least one
sensor via the first and second devices.

15 83. The piug system according to Claim 77, wherein the tool is

permitted to displace the closure member to the released position

~only when a differential pressure across the closure member is
within a predetermined range.

20 84. The plug system according to Claim 77, wherein the
‘released position is an equalizing position configured for reducing a
pressure differential across the closure member.

85. The plug system according to Claim 77, wherein the tool

25 includes a first pressure sensor sensing pressure on a first side of the

closure member, and the closure member includes a second pressure
Sensor sensing pressure on a second sice of the closure member.

I
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25 113. The packer system according to C aim 109, wherein the seal nenber
sensor is a strain sensor. 114. The packer system according to C aim 109,
wher ei n t hwo o3essseal nenber sensor is a hardness sensor.pdr/ses/2std2 111111 ~
11 1111111 I N AMENDED SHEET ( ARTI ¢4 -19) WO 01/ 18357 PCT/ US00/ 23722 110
115. The packer system according to Caim 109, wherein the seal nenber
sensor |Is a resonant frequency sensor. 5 116. The packer system according.
to Caim115, wherein the seal menber sensor induces vibration in the seal
menber. 117. The BecK&e rlygtsysiens ascondingtto Ghaim @7 ofyrtherccemprisimg packer

|1 Udes 2 Dog el ST UensdDsding THESPRE S AL SERGEBA LR L

117, wherein th osition sensor assenbl y
rel ative to timemipsrsknd.a secohtiQresiuresenker sensing pressarce ohreggsécond ai m 95,
wherein the first I%\iev' ce _cQ nicates data indicative of a position of a
seal assenbl ys'd?Qif& ¢ TOSHEE MIFP%eker. 120. A downhol e tubular stri ng

noni toringssystem 20 conpri sing:

87. The plug system according to Claim 77, wherein the tool
includes an engagement member which is permitted to engage the
closure member only when the second device is in sufficiently close
proximity to the first device.

10

88. The plug system according to Claim 77, wherein the plug
assembly is one of a plurality of structures interconnected in the
tubular string, and wherein the plug assembly is selected from the
plurality of structures for operation of the tool therewith in

15 response to the communication between the first and second
devices.

89. The plug system according to Claim 88, wherein each of the

structures has a communication device associated therewith, and

20 wherein the tool is programmed to activate oniv the first device
from a dormant state to an active state. -

90. The plug system according to Claim 88, wherein each of the
structures has a communication device associated therewith, and

25 wherein the first device is activated from a dormant state to an
active state only in response to communication from the second

device.

91. The plug system according to Claim 77, wherein power for
30 operation of the first device is supplied by the tool.
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a tubular string including a first- sensor -and a first conmmunication device

comuni cating data acquired by thefirst sensor; and a tool positionable

rel ative towd@akishSt device and Including a 25 second cegmesée2at2zzon

device communicating with the first g)gvi_ce. 121. The nonitoring system

according to Claim 120, wherein the mruni cated data |Is indicative of

pressure applied to the first sensor. 101111, 111111 ~ | \1\ 1 CL MS

AMENDED SHEET ( ARTI CLE 19). WO 01/ 18357 PCT/ US00/ 23722 - 111 122. The

nmoni toring systemaccording to C aim2120, wherein the first device

conmuni cates data indicati e of aFEressute diffe ﬁ? across tgqc’a t ubul ar
'aW ™

string. s 123. The $onite® 3 ﬁ?%ﬁf(gm%t?lg?"‘i‘g‘ )8, POWEY t he

tool transm tso‘iﬂé?aﬁi'@ﬁ Ppft ﬂw@ffrﬁ”ﬁé@icé%astu'p@ﬂedlgﬁ’fa POR eI IgFotHey St em
according to Caim 120, wherein the first device is . renotely positioned

relative to th6lGSUF&M&BALHr. 10 125. The nonitori ng system according to
Cl aim 120, \g/nerel n the tool includes a second sensor sensing pressure on
the interior of the tubular string, and wherein the first sensor senses
pressure on 93. The plug system according to Claim 77, wherein the first

device is connected to a sensor including a power source,

94. The plug system according to Claim 93, wherein power for
10 operation of the first device is supplied by the sensor power source.

95. A downhole packer system, comprising:
a packer including a first communication device and an
outwardly extendable seai member; and
15 a tool positionable relative to the first device and including a
second communication device, communication being established
between the first and second devices.

96. The packer system according to Claim 95, whereinh the first
20 device communicates data indicative of pressure applied to the seal
member.

97. The packer system according to Claim 96, wherein thé first
device is connected to a pressure sensor of the packer.
25 '
98. The packer system according to Claim 96, wherein the first
device communicates data indicative of a pressure differential across
the seal member.

* [+ L M S *
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the exterior of the tubular string. .15 126. The nonitoring system accordi ng
to Caim120, wherein the first device is one of a plurality of

conmuni catwoow/ss?ri ces i nterconnected in the tubul ar stepChHyseogsz2 wher ei n
the first device is selected fromgde plurality of structures for
operation of the tool 20 therewith in response to the communication between
the first and second devices. 127. The nonitoring system according to

Claim 120, wherein the first device is activated froma dornmant state to
an active state 9% aheypaqkeréwgnsecwctmnmrm@m iS6nwhesein tatasiscond

devi 128. . 3] '
devi o 125, CHimIRLSLS8 Sy YRl A 1506 s O Bl nel R, POV,
|~ ~[1Tf1111 tbol trvassrmits tAe/BatEDRD SiHEFEDtE AdTatidrE 19) WO 01/ 18357 :

PCT/ US00/ 23722 - 112 129. The nonitoring systemaccording to C aim 120,
wherein power for operation.of the first device is supplied by a power

source i nterconnogk ethd Dattm st/smm ad:ccﬂ’t:lmg\m CRirh35, wierelPthd fiFstng system
according to.d ai m 120, vgn? E device is connected to a sensor
i ncl udi ng a Igg\)(,g:,e is Tepwtely posutloned re ative to the remalnder of the

packer.

101. The packer system according to Claim 95, wherein the
10 packer includes a first pressure sensor sensing pressure on a first side
of the seal member, and a second pressure sensor sensing pressure

on a second side of the seal member.

102. The packer system according to Claim 95, wherein the

15 packer is one of a plurality of structures interconnected in the

tubular string, and wherein the packer is selected from the plurality

of structures for operation of the tool therewith in response to the
communication between the first and second devices.

20 103. The packer system according to Claim 102, wherein each
of the structures has a communication device associated therewith,
and wherein the tool is programmed to activate only the first device
from a dormant state to an active state.

25 104. The packer system according to Claim 102, wherein each
of the structures has a communication device associated therewith,
and wherein the first device is activated from a dormant state to an
active state only in response to communication from the second
device.
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131. The nonitoring systemaccording to Cl aim 130, wherein power to operate
the first device is supplied by the:sensorpower 1o source. 132. The

moni tori ng gxsdiAm@saccording to C'aim 120, wherein the fi perrosensm is a
strain sensor. 15 133. The nonitori nlr% system according to C aim 120,
wherein the first sensor is a tenpe Rture sensor. 134. The nonitori ng
system according to Claim 120, wherein the first sensor is a pressure
sensor. 20 135 The nonitoring system according to.C aim 120, wherein the
first sensor is assigsi aftes pacidr systerh arcofdiaguiopOrim 95, mereimpewterd i n t he

tubul ar string, and wherein.th ol . is permtied to djsplace a closure
nmenber of the f?'é?r‘?%rfat@(ﬁh?gﬁtﬂéenﬁr#Sel‘@edﬁsmlheci)m'%p?gﬂotnI y when

predeterm ned acceptable data is transmtted fromthe first sensor via the
first and second devices. 136. The nonitoring systemaccording to Caim

135, wherein the piOSdethd RAGKET YERMAoSPEAIngtd CatMHh MNElRID POYRMDbI e

P v PR ST i S R e

packer.

107. The packer system according to Claim 95, wherein the first
device is connected to a sensor including a power sburce.
" .
108. The packer system according to Claim 107, wherein power
to operate the first device is supplied by the sensor power source.

109. The packer system according to Claim 95, wherein the first
15 device is connected to a seal member sensor.

110. The packer system according to Claim 109, wherein the
seal member sensor Is a temperature sensor.

20 111. The packer system according to Claim 109, wherein the
seal member sensor is a compression sensor.

112. The packer system according to Claim 109, whereil":'the
seal member sensor is a resistivity sensor.
25
113. The packer system according to Claim 109, wherein the
seal member sensor is a strain sensor.

114. The packer system according to Claim 109, wherein the
30 seal member sensor Is a hardness sensor.
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137. The nonitoring systemaccording to Caim 135, wherein the tool is
permtted to displace the closure nenber to an equalizing position when
the predetgspifassd acceptable data is not s transm ttedpét/osookbezfir st
sensor. 139. A downhol e connunicglf n_met hod, conprising the steps of:
installing an item of equipnent 1n"a tubular string in a 10 subterranean
well, the item of equipnment Ancluding a first communication device;
conveying a tool into the tubular string, the tool including a second
comuni cati on device; and establishing communi cati en between the first and

Th response to pollti SRErARRE bR acatNBY o CRl: i offrgTthel™ ™
proxi mty tosedentmiser seasarcis a réSoriatt fréqueneysEneocomruni cat i on net hod,

conprising the steps of: installing an item of equipnment in a tubul ar
string in a subterranean well, the item of equipnment including a first

communi catsi on devi1ee; TRE SReLSystens aceerdihgtte thmntHisiviereln ithg, the tool
i ncluding a second conmuni cati on device; _and establlsﬁlng comuni cati on

bet ween t he Bealdnegmersenspidnduces vibration in the seal member.

117. The packer system according to Claim 95, wherein the
packer includes a position sensor.

10

118. The packer system according to Claim 117, wherein the

position sensor indicates a position of a seal assembly relative to the
packer.

15 119. The packer system according to Claim 95, wherein the first

device communicates data indicative of a position of a seal assembiy
relative to the packer.

120. A downhole tubular string monitoring system,

20 comprising: '
a tubular string including a first sensor and a first
communication device communicating data- acquired by the first

sensor; and
a tool positionable relative to the first device and including a
25 secohd communication device commuhnicating with the first device.

121. The monitoring system according to Claim 120, wherein
the communicated data Is indicative of pressure applied to the first

sensor. -
(AT R .
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devi ces, the supplying power step being perfornmed by 30 transmtting waves
fromthe second device to the first device, LI1ILLillILLEnrrr rtgtowtlll " S
C AMENDED Siigolig38RTI CLE 19) WO 01/ 18357 PCT/ US00/ 23722 PCL/US00/28772
transmtting step being perforned by,{the second device generating pressure
waves. 144. The nethod according to Caim 143, wherein the s generating
step is perfornmed by exciting at |east one piezoelectric crystal included
in the second device. 145. A downhol e conmuni cati on nethod, conprising the
steps of: 10 instal33. n'g'hﬁrmioﬂéﬁﬁ’fl@fél @ﬁaemmqorﬂmgatemwﬂzgt Wﬂ@geim a

subt err anean u | ragt ation
devi ce; conve\;/\?hé a'?goijél oﬁﬂ‘HPH@%Féar &%ﬂal ﬂga&a Et (?(?I |nc Wr?; a
second conmuni m&femnhiai\atmssthetebuhblstrmu ng conmuni cati on bet Ween t he
first and second devices; and supplying power to the first device fromthe
second device, the supplying power step being perforned by inductive

5 123, The monitoring system according to Claim 120, wherein
the tool transmits the data to a remote location.

124. The monitoring system according to Claim 120, wherein
the first device is remotely positioned relative to the first sensor.

10
125. The monitoring system according to Claim 120, wherein
the tool includes a second sensor sensing pressure on the interior of
- the tubular string, and wherein the first sensor senses pressure on
the exterior of the tubular string.
15

126. The monitoring system according to Claim 120, wherein

the first device is one of a plurality of communication devices

' interconnected in the tubular string, and wherein the first device is

selected from the plurality of structures for operation of the tool

20 therewith in response to the communication between the first and
-second devices.

127. The monitoring system according to Ciaim 120, wriérein
- the first device is activated from a dormant state to an active state
25 onlyin response to communication from the second device.

128. The monitoring system according to Claim 120, wherein
power for operation of the first device is supplied by the tool.

\
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coupling between the first and second devices. 20 149. A downhol e

communi cation nethod, conprising the steps of: installing an item of

equi prent woomgsstoul ar string in a subterranean well, ®PO®USIe3T20f

equi prment including a first 25 cogpnication device; conveying a tool into
the tubular string, the tool including a second comuni cation devi ce;

est abl i shi ng comruni cati on between the first and second devices; and II1l .
ter e 1 MIEEiriT1111 AMENDED SHEET (ARTI CLE 19) WO

01/ 18357 PCT/ USoN237Jhe mpnitaging system aecordingniai @aim dR0bwhesein t he fir st

and second %Wvé??ort&&%Ei%h%ﬂ‘ﬁwé’ﬁfs@ﬁéﬁcé@?bpéﬁe%&? Boter Rbiif ferm ned

di stance of an operative position o t ool a em of

equi pent . 5 insercomhectest indheddbolatistring.o C ai m 138, further conprising

the step of the first. device conmunicating to the second device an

I ndication that the tool is operatively positioned relative to the item
5 130. The monitoring system according to Claim 120, wherein

the first device is connect.ed_ to a sensor inctu'ding a power source.

131. The monitoring system according to Claim 130, wherein
power to operate the first device is supplied by the sensor power
10 source. '

132. The monitoring system according to Claim 120, wherein
the first sensor is a strain sensor,

15 133. The monitoring system according to Claim 120, wherein
the first sensor is a temperature sensor.

134. The monitoring system according to Claim 120, wherein

the first sensor is a pressure sensor.
20 '

135 The monitoring system according to Claim 120, wherein
the first sensor is associated with an item of eguipment
interconnected in the tubular string, and wherein the tddl is
permitted to displace a closure member of the item of equipment to

25 an openh position only whe_ri predetermined acceptable data is
transmitted from the first sensor via the first and second devices.

136. The monitoring system according to Claim 135, wherein
the predetermined acceptable data indicates an acceptable pressure

30 differential across the closure member. \
(0 Ty I
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of equi pnent. ( g t.
the step of utilizing the conmunication between the first and

devices to iwgldfgdse t hat an engagement. menber of the tool pcraselByred Wi th

10 151. The nethod accor di 5ng' to Caim 138, further conprising

a profile of the item of equipnent. ljlg 152. The method according to

151, further

engagenent nenber

conprising the step of

i ndi cation that the engagenment nmenber is aligned.with the profile.

The net hod according to C-aim 153, wherein in the

across a closure ne

second

Clam

ermtting the tool to displace the
I nto engagenent with the profile in response to the

20 156.

conmmuni cating step, the

T SO L Y o i S R BN, S o

153, wherein i mnéheoolcomafmmwgto:templdcbetlhe eolostires gmepmipeart tos am porti on

f th t ubul 1 1 1 th
i me ool om ectilifing; ped R aKoet thACRe dORABEE 1G5 HHEP L fatsol Mot

PCT/ US00/ 23€22 trabkfnittbetsromthdBidtagnaseor ding to C aim 153, wherein in the

10

15

20

25

30

139. A downhole communication method, comprising the steps
of:
installing an item of equipment in a tubular string in a
subterranean well, the item of equipment “including a first
communication device;
conveying a tool into the tubular string, the tool including a
second communication device; and
. establishing communication between the first and second
devices,
the step of establishing communication being performed
in response to positioning the second device in sufficiently close
proximity to the first device.

143. A downhole communication method, comprising the steps

of:

installing an item of equipment in a tubular string in a
subterranean well, the item of equipment including a first
communication device;

conveying a tool into the tubular string, the tool including a
second communication device; and

establishing communication between the first and second
devices,

the supplying power step being performed by

transmitting waves from the second device to the first device,

/ ;_

UL

AMENDED SHEET (ARTICLE 19)

t ubul ar



communi cating step, the itemof equipnent is a portion of the tubular
string, and the status is a strain in the tubular string portion. 5 159.

The met hooweaaasssdi ng to C aim 153, wherein in the comeoi/uswi2ingz step, the
item of equipnent is a portion of E e_tubular string, and the status Is a
pressure differential across the ubul ar string portion. 10 160. The

nmet hod according to Caim 153, wherein in the comunicating step, the item
of equipnent is a packer, and the status is a pressure applied to the

packer. 161. The net hBe dEsmittieg tster Reing1Bsrfofmede by the tSeeond s

communi catin id Qliréeddiegent is a packer, and the status is a
pressure dif g??ec%{:blea g%ﬂr’%?gét 'é pa‘cgg‘ra. 162. The method according to Claim
153, wherein In the conmunicating step, the item of equipnent is a packer,
and the 20 stat IS 0 1. f | .asserhl el . at.i t he packer.
163. The net hod g@&brd?ﬂg %é%ﬁgi %qigr@,ﬁgh(g?e?ﬁa%nwtaéb ‘ﬁbgkrlrérfrﬂn?'gédti ng step,
the item af egnepating step & pexthemedaby exciring atjeast ioneapiezodiertrkcof a seal

Compri sing  EnBed ayugRdatBe st BeViEe Ca homber hardness by i nduci ng

vibration of the seal nmenber. | 1”11l I1l1~I1 UCL P IN AVENDED SHEET
(ARTI CLE 19) 145. A downhole communication method, comprising the steps
of: |
10 installing an item of equipment in a tubular string in a

subterranean well, the item of equipment including a first
communication device; |
conveying a tool into the tubular string, the tool including a
second communication device; '
15 establishing communication between the first and second
devices; and |
supplying power to the first device from the second device,
the supplying power step being performed by inductive
coupling between the first and second devices.
20
149. A downhole communication method, comprising the steps
of: ' .
installing an item of equipment in a tubular string in a
subterranean well, the item of equipment including a first
25 communication device;
conveying a tool into the tubular string, the tool including a
second communication device;
establishing communication between the first and second

_
I I!lll[l A
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devices; and
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WO 01/ 18357 PCT/ USOCQ 23722 117 165. The nmethod according to C ai m 164,
wherein the determning step further conprises neasuring a resonant
frequency gfobimesszeal nenber. 5 166. The nethod accordi ngecrastd/mrm 153,
wherein in the conmunicating step, {ﬁe_i tem of equi pnent is a packer, and
the status is a conpression in a seal nmenber of the packer. 167. The

nmet hod according to Caim 153, wherein in the 1o communicating step, the
item of equiprment is a packer, and the status is a tenperature of a seal
menber of the packer. 1G8ilizige tivet looinampecatiory betv@ken ntHé 3firsthena n i n

the comunicatin tep, .the itemof eguipnent is a packer, and.the 1s
status is a st Pﬁf‘%@n C!)fvé‘ffél ‘f?enﬁ’gge'g?ﬁ} e%&&eﬁ?? 1%@9 The W&?\%da
accordi ng to Clprefetérmingbaistance bftdre operatrenpositiondostiep tosiheidtivem of
equi pnent is a packer, and the status Is a resistivity of a seal nenber of

the packer. 20t@fhe It oheayRMeRtor ding to C ai m 153, wherein in the
comuni catigg step, the itemof equipnment is a plug system and the status
is a pressure applied to a closure nmenber of the plug system 25 171. The
met hod accordi ng t d150- aThe 1wetheghaceprding tthElaim 138, further comprising

the step of the first device communicating to the second device an
- indication that the tool is operatively positioned relative to the item
of equipment.
10
151. The method according to Claim 138, further comprising
the stép of utilizing the communication between the first and
second devices to indicate that an engagement member of the tool
is aligned with a profile of the item of equipment.
15
152. The method according to Claim 151, further comprising
the step of permitting the tool to displace the engagement member
into engagement with the profile in response to the indication that
the engagement member is aligned with the profile.
20
156. The method according to Claim 153, wherein in the
communicating step, the item of equipment is a valve, and the
status is a pressure differential across a closure member of the valve.

25 157. The method- according to Claim 153, wherein in the
communicating step, the item of equipment is .a portion of the
tubular string, and the status is a pressure applied to the tubular
string portion.

I
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comuni cating step, the itemof equipnent is a plug system and the status
Is a pressure differential across a closure nenber of the plug system
1111 C L ®o.0%#8ENDED SHEET ( ARTI CLE 19) WO 01/ 18357 PCRCIBGO0WB3222 118
172. The nmethod according to C aLmigl23, wherein in the comunicating
step, the itemof equipnent is a plug system and the status is a pressure
differential across a plug assenbly of the plug system 5 173. The nethod
according to Claim153, wherein in the conmmunicating step, the item of

equi prent is a pl #3B-sysheninedhad agrording fo Clrim psHswineseini i ethent i al

across an eq & m f I ea(,;'% : JLhe od
according to lgﬁn%& EFEE' 'thécg%pnrqibsllgng 'ﬁghgﬁgpéé#)rg-éﬂt Pol I'ng
oper ati on of tubglarsglinatancktha statusisatstrain in theptuhwdan stridgtportiomruni cat i on
fromthe first device to the second device. '15 175. The nmet hod accordi ng

to Claim174, wherein the itemof equipnent is a valve having a closure
menber, amg wher e$9.t hehe method according to Claim 153, wherein in the

communicating step, the item of equipment is a portion of the
tubular string, and the status Is a pressure differential across the
tubular string portion.

10 160. The method according to Claim 153, wherein in the
communicating step, the item of equipment is a packer, and the
status is a pressure applied to the packer.

161. The method according to Claim 153, wherein in the
15 communicating step, the item of equipment is a packer, and the
status is a pressure differential across the packer.

162. The method according to Claim 153, wherein in the
communicating step, the item of eguipment is a packer, and the
20 status is a position of a seal assembly relative to the packer.

163. The method according to Claim 153, wherein in the
- - communicating step, the item of equipment is a packer, and 'the
status is a hardness of a seal member of the packer.

25
164. The method according to Claim 163, further comprising

the step of determining the seal member hardness by inducing
vibration of the seal member.
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controlling step further conprises restricting the tool from displacing
the cl osure nenber at least in part in response to data 20 conmuni cated
fromthe fi ofRyd;ce to the second device. 176. The net hg@AfeqdsHNg t O
Claim174, erein the itemof equi nt is a plug system having an

equal i zi ng nenber, and wherein the nfrolling step further conprises
restricting the tool 25 fromdisplacing the equalizing menber at |east in
part in response to data conmunicated fromthe first device to the second

device. 1111111 VIHg5 VI ihe Virdthbh actbrdin lko S cAVRNDRR, Stfiefel\TECLE 19)
WO 01/ 18357 PCTI USOQ 23722 119 177. A doVunhol e communi cation nmethod,

conpri sing t hed8tIpANIngG steprRirthen epMakises BIRASKITBEA [RAORENE freauansyl ar

string in a syptes saIPdmpel! . the itemof equipnent. including a first s
comuni cation device; conveying a tool into the tubular string, the tool
including a second comunication device; and establishing conmunication

bet ween the first S n | her .
conpri si ng rem)t el ?%gpogﬁgl g?l?t(rqlg’wt %gé?rl'd}@g gjev#@g}' aﬁ a{]‘?’vgp‘tgﬁ [ dfemai nder
of the item of communicating step, the item of equipment is a packer, and the

‘status is a compression in a seal member of the packer.

167. The method according to Claim 153, wherein in the
10 communicating step, the item of equipment is a packer, and the
status Is a temperature of a seal member of the packer.

168. The method according to Claim 153, wherein in the
communicating step, the item of equipment is a packer, and the
15  status is a strain in a seal member of the packer.

169. The method according to Claim 153, wherein in the
communicating step, the item of equipment is a packer, and the
status is a resistivity of a seal member of the packer.

20
170. The method according to Claim 153, wherein in the
communicating step, the item of equipment is a plug svstem and
the status is a pressure applied to a closure member of the plug
system. '
25

171. The method according to Claim 153, wherein in the
communicating step, the item of equipment is a plug system, and
the status is a pressure differential across a closure member of the

plug system. , //,
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equi pnent. 181. A particle detection system conprising: 1s a tubular
menber interconnected in a tubular string;, a particle sensor configured for
det ecti ng wbowsedr particles through the tubul ar nenber pcwubiorzsizz

comuni cation device connected to {fge_particle sensor; and 20 a tool
received in the tubular string, the tool including a second conmuni cation
devi ce, and conmmuni cation being established between the first and second .
devi ces. 182. The system according to Claim 181, further conprising a 25
menory device i ntligecohectmathpd sbeordgng dio. ClBm 1$E;evm&remﬂiactlm ding to

Cl aim 182, I n..the di_c n ar cle flow
t hrough t he%ﬁ{‘%&&mﬁer tshedgi%éi%gaé(g@sw fén{bwg ?Yﬁ?ﬁj 1111 H JI
11111 11 | N tieEMBER iSlaressusBTdifieerid] d6fb1a pRIGHESEEBNJGOMNEPRRY - 120
184. The systegn according to Caim182, wherein the menory device is
connected. t>tHE first communication deV| ce. 185. The system according to
claim 18.4, wherein data is s transferred fromthe menory device to the
tool when the fi []% gi_ﬂmmnltﬁatlon devi ce comuni cates with the second

e method according to Claim. 153 wherein in the
communicating step, the item of equipment is a plug system, and
the status is a pressure differential across an gqualizing member of

the plug system.

10
174. The method according to Claim 138, further comprising
the step of controlling operation of the tool at least in part in
response to data communication from the first device to the second
device. '
15

17'5. The method according to Claim 174, wherein the item of
equipment is a valve having a closure member,'and wherein the
controlling step further comprises restricting the tool from
displacing the closure member at least in part in response to data

20 communicated from the first device to the second device.

176. The method according to Claim 174 wherein the 1tem of
equipment is a plug system having an equalizing member, and
wherein the controliing step further comprises restricting the tool

25 from displacing the equalizing member at least in part in response to
data communicated from the first device to the_s_ecp'nd device.
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communi cati on device. 186. The system-according to C aim 181, wherein
i ndications of io0 particle flow through the tubular nenber are transferred

diirectly frapyddassyparticle sensor to the tool via the fi rggynggshggcond
conmmuni cation devices in real tine. /. The system according to C aim 181,
wherein the first and 15 second cé i"cation devi ces comunicate via
direct electrical contact. 188. The system according to Cl aim 181, wherein
t he second conmunication .device supplies power to the first communication
20 device, thereby Per A d9WRGoleheoMmicadon teethdd; comipnisnodheistéps he
second device. ;k89. The system according to C aim 188, wherein the power is
supplied by el ectromagneti c waves emanating fromthe second 2s device.

190. The syst em acdostlling tan GterinmoE8equitreent nint lee tubludart sorimgnit iz waves

- *
RCT LS00’ 23723 SRS IR well~ e o ML BF i Rp R BEGE o PgY e o the
power is sgpploatmbnicatiensdedcaul ses enanating fromthe second devi ce.
192. The system accc%nc\llier\]/ﬁ\gt 8 t%o?iimol %é tu eurlaeri Qtr%nhge, réet?gtylri%cluding a
second communication device; and
establishing communication between the -first and second
devices, .
10 . the Installing step further comprising remotely
positioning the first device relative to the remainder of the item of

equipment.

181. A particle detection system, comprising:
15 a tubular member interconnected in a tubular string;
a particle sensor configured for detecting flow of particles
through the tubuiar member;
a first communication device connected to the particle sensor:
and |
20 - a tool received in the tubular string, the. tool including a
second communication device, and communication being
established between the first and second devices.

182. The system according to Claim 181, further comprising a
25 memory device interconnected to the sensor.

183. The system according to Claim 182, wherein the memory

device stores indications of particle flow through the tubular
member as detected by the sensor.
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S pul ses are acoustic waves. 193. The system according to Cl aim 188,
wherein the power is supplied by direct electrical contact between the

first and weopmslsy devi ces. 10 194. The system accor di ng picgnfshansiz 188,
wherein the power is supplied by ijggluctive coupling between the first and
second devices. 195. The system according to Caim 181, wherein the second
15 device activates the first device froma dornmant state to an active

state, thereby perm'tt'iégrg communi cati on between the first and second
devi ces. 196. Thel8 sTRESYIERT aFeRyding tp Llatn 982, Wwherein theHaenzy

comuni cat i oyl @BnhBeeld fosthe¥idt Eﬁﬁﬁﬂgqggﬁbﬁ%ﬁéyi a electromagnetic

waves. 197. The system according to alm wherein the
el ectromagneti ¢ waves are radi o frequency waves. 25 198. The system

according to C ai4g=19 ' nj [ b t first and

second devi ces is{g\?i' asm es Etr’égﬁ‘ %)%I%ggs ﬁﬁﬁfl?% %%ﬁ%l’fx , ~5

11111 ~ L SAMENDEERrEedHTOMARNECOEEMO)Y device to the tool when the first
communication device communicates . with the second

communication device.

186. The system according to Claim 181, wherein indications of

10 particle flow through the tubular member are transferred directly

from the particle sensor to the tool via the first and second
communication devices in real time.

187. The system according to Claim 181, wherein the first and
15 second communication devices communicate via direct electrical
contact.

_ 188. The system according to Claim 181, wherein the second

~communication device supplies power to the first communication

20 device, thereby permitting the first device to communicate with the
second device.

189. The system according to Claim 188, wherein the power is
supplied by electromagnetic waves emanating from the second
25 device.

190. The system according to Claim 189, wherein the
electromagnetic waves are radio frequency waves.
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WO 01/ 18357 PCT/ US00123722 - 122 199. The system according to C aim 198,
wherein the pressure pulses are acoustic waves. 200. The system accordi ng
to Caim19%go¥fasdi n the 5 communication between the fi pra@pfhssscond
devices is via inductive coupling bgjween the first and second devices.
201. The system according to C aim 181, wherein the comunication between
the first and second devices indicates when 1o the tool is wthin a
predeterm ned di stance of an operative position .of.the tool relative to
the item of equi pmaet. Th@Xystéra aorsrdimgata Cladinnps; Wlﬁmlmﬁ@howm'emel n the

first device v, at the 09l is 15
operatively poé&%#elg?bﬁsgb?%éngsé?ﬁ%ﬁgp %%%&é’lﬁ %%e The system
according to Claim 181, wherein the particle sensor detects particle flow
axially through th nber 4. The system according to Caim
181, wherein the pEF% E#‘g svgg%goqccgg 'é‘&go Flaimy 1‘?123 WieNRIR ﬁP%ﬁﬁg%‘@l dewal |
of the tubufarpused®@acousticWahesl 11111111111111~111.S.. 1111 L AVENDED
SHEET ( ARTI CLE 19)

193. The system according to Claim 188, wherein the power is
supplied by direct electrical contact between the first and second
devices.

10

194. The system according to Claim 188, wherein the power is

supplied by inductive coupling between the first and second devices.

195. The system according to Claim 181, wherein the second

15 device activates the first device from a dormant state to an active

state, thereby permitting communication between the first and
second devices.

1986. The system according to Claim 195, wherein the
20 communication between the first and second devices is via
electromagnetic waves.

197. The system according to Claim 196, wherein the
electromagnetic waves are radio frequency waves.
25
198. The system according to Claim 1'95, wherein the
communication between the first and second devices is via pressufe‘
pulses.
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199. The system according to Claim 198, wherein the pressure
puises are acoustic waves.

200. The system according to Claim 195, wherein the
communication between the first and second devices is via inductive
coupling between the first and second devices.

201. The system according to Claim 181, wherein the
communication between the first and second devices indicates when
the tool is within a predetermined distance of an operative position
of the tool relative to the item of equipment.

202. The system according to Claim 201, wherein the first
device communicates to the second device that the tool is
operatively positioned relative to the item of equipment.

203. The system according to Claim 181, wherein the particle
sensor detects particle flow axially through the tubular member.

204. The system according to Claim 181, wherein the particle -

sensor detects particle flow through a sidewall of the tubular
member.
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