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5 The present invention relates generally to operations perfor |
conj unct i oNOBIIR3SE subt erranean wel |l and, in an enbodi nent 5’&3@@8’5@(}2

herein, nore particularly provides a nethod and apparatus for downhol e
retrieval of data, nonitoring and tool ‘attuation. 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 itemof equipnent, etc. 0 7 APR 2004 WO
0111837 PCT/ US00/ 23722 2 In the past, various nechani sns and net hods have
been wutilized for positioning a tool relative to an item of equipnment 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 generally 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 " BACKGROUND
it is usually the case that a tubuilar string 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 COiWQﬂAPRZ%&
tubing into the valve and engaged with the sliding sleeve. An operator 1S
awar e t hatwoOHa/18M7fting tool is properly positioned relativeEtmossmsyyal ve
due to the engagenent 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 nultiple itens
of equipnent installed in the tubular string, by equipping the shifting

tool with a partjic r se f (. l.ugs. designed tg . engage only a
particular 15 prlbf .LH“% f@‘sﬁeg"qﬁstﬂﬁe %’?f?%'a”éﬁ i%?‘ﬁg”ﬁ ] q’@‘f%réﬁﬁé’t ely,
it is often the case that the operator is not able to positively determ ne
whet her t he WHlizedfpr positianipcopdiog! redatjagetd ant itenhefdequimthesiti i ag

sl eeve, such as when the well is highly deviated. Additionally, the

oper at or MaytymllaRostvirRy, ekor '@?@ﬁ_g"i’ﬁgi ﬂﬁé’rt‘gdli WD it ﬂg?érflﬁ@hgent

performance of the task of shifting  the eeve. For exanp per-at or
m ght not k t hat ._.excessive pressure differential exists across the
sl eeve, or t epg{}'gr[ﬁédt&ﬁ top Uagﬁhit}'@ {IRMsPEKRUKMENS. £ FOry
open position 07 APR 2004 WO 01/18357 PCTI USOQ 23722 3 not know ng t hat

t hi s shobl d exampie,avheraithe ensafeeguipmendsisa slididid Sleevettyade gahess t he
sl eeve. Thus, it may be clearly seen that inproved nethods of positioning,

engagi ng ang sRiftRig tHA!oe! ByFESIly eRtas e d d\MMir%@iﬁfe?télwikﬁnb”PWcSi?e&D“' d

be enhanced if comunication were permtted between an itemof equi prent
installed i R;hiPM@ the valve and engaged with the sliding sieeve. An

operafor 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 too! may be configured so that it operatively engages only
the desired sliding sleeve, out of multiple 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 information which wouid 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



string and a tool conveyed into the string. For exanple, if a valve ON?SAPR 20
able-to communicate its identity to a shifting tool, an accurate 04

det erm nat | C d be nade as to whether the tool should b d
with the 5’28(‘}%/1%%% a valve was able to communicate to the ?{%‘ﬁ)gﬁ@?@gf

i ndi cative of pressure applied to a closuwe nenber of the valve, such as a
sliding sleeve, a determ nation could be de as to whether the tool

shoul d di spl ace the cl osure nmenber, or to what position the closure nenber
shoul d be displaced. 15 I nproved comuni cati on net hods woul d al so permt

moni tori ng ofottkgrowiig eaat phisrshowidanpelde doneowitiagnlexcessive, peessupel
conveyed into a tubular string could collect data relating to the status

Gesi rabi o, 1 DFTERENHR SPRER A RIGvver KRy % e, B, EleAsRGisegh 2R, © °°

seal elenent_ in order to determne its remaining useful service life, or
to be abl e tNREAVESr Meatbosls, af POSHHani@.cengaginggpd; actuating tels 268 of
the tubular string, etc. 07 APR 2004 WD 01/18357 PCT/ US00/ 23722 Therefore,
fromthe forggeded. it may be seen that it would be highly advantageous to
provi de i nproved nmethods and apparatus for downhole data retrieval,
monitoring and tool actuation. SUWARY 5 In carrying out the principles of
the presént i nverMBON,OperatieReiniels watlddre éﬁé@ﬂicﬁﬁhltf Gateradnicatiyyst em
for facilitating downhole comunication between an item of equi pnent

install ed iweretpdthittedthétweandarm terp ofconummentrinetdlfed inauasulgeri ng
I's provided. Associated nethods of facilitating such downhol e
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 couid be made as to whether the tool shouid 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
monitoring of items of equipment in a well. In one application, a
tool conveyed into a tubuilar string could collect data relating to the
status of various items of equipment installed in the tubuiar 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.



10 conmuni cation are al so provided, as well as applications in whi dh7 APRa4
downhol e comuni cation is utilized for data retrieval, nonitoring and tool
actuat i onwbraiﬁ%zasp_ect of the present invention, the downheh8ysonaizaa
comuni cat1 on Systemincludes a first communi cation device 15 assocl ated
with the itemof equipnent and a second_qpnnunication device included in
the tool. Communication may be established between the devices when the
device in the tool is brought into sufficiently close proximty to the
device associated with the itemof equipnment. 20 In another aspect of the
present inventi onfhereforepframpie Eorepoinrg, itanende seen thatiitavosltbe
provi sion of power by the tool nay enable the first device to comrunicate
Wth the Secﬁi@jhqu‘a(a%tdgaa&s7t6pﬁr89% i%r‘bﬂé@%ﬁétﬁ@ﬁé%@&’ﬁﬁﬁé%&é hi's
manner, the fiIrst device does not need to be continuously powered. The
first device nn h ver.. b | .nt,alned. in.a _do t_gtate and then
activated td Q;{'n&g@m%m\@esqgﬁaj%nﬁ?%' Pb%’ﬁ'.tom%ﬂd;@ Ué’%'&‘?:t of the
present invention, the 5 comunication between the first and second
devices may be by any of a variety of neans. For exanple, electromagnetic

waves, inductive coupling, pressure pulses, direct electrical contact,
etc. may be used. The communi cati onSUHAMARYY al so be the neans by which
power is supplied to the first device. 10 in still another aspect of the

(F:):‘) ﬁtsreglt gnventionp cepyibgi oati the bprimtpldshofderiec psesant biavesatono in
accordance with an embodiment thereof, a system for faci_litating
downhole communication between an item of equipment installed
in a tubular string and a tool conveyed into the tubuiar 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 inciudes 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 power by the too!l may

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



operation of the tool. For exanple, where the item of equipnent is)7apraliie
and the tool is a shifting tool for displacing a closure nenber of the

val ve, co%rbilﬁegsi.ion bet ween the first and second devi ces 15(%)’50953}52% to
et her the

det erm ne an excessive pressure differential exists across

cl osure nmenber. This determ nation nay_j@gn be utilized to control the

di spl acenent of the closure nenber by the tool. As another exanple, the
tool may not be permtted to engage the item of equi pnent until the 20
conmmuni cati on between the devices indicates that the tool is appropriately
posi tioned rihiat manmner.t ibei fisst alevigei goeat notnnged #oobkecoatpamustiy t he
present invention, comuni cation between the devices may be used to nonitor

a status of phgdretin OTH AMIBRACE Mudk ARBLRON BET/SGA33%In o

equi prent . r exanple, the first device ray be cohnéecte sensor,
such as a pr re.s r rain. e, a hardness sensor a,position
sensor, etc. 88%@@?8%@%8%"’%35@&9 Ag agtvestatg by ghéttHQ’-second
device. 5 These and ot her features, advantages, benefits and objects of

the present invenkio i Wﬁﬁ@@fe t n di; | | 4N the
art upon careful r”c"ongle%lwerdaqlon ofal e detBEi I@fd?sr%frsleggi dﬁ@%btﬁﬂ' the

representative enbodi rEent of the |nvention hereinbel ow and the
acconpanyi ndcYTAIHRAYA "iﬁs@ﬁ@e@)@bm*ﬁﬁm@ﬁcﬁnﬁ #RMRERERaK e DY 3Ry o

schematic partially cross-sectional view of a first
of a variety of means. For example, electromagnetic waves,

inductive coupling, pressure pulses, direct electrical contact, etc.
may be used. The communication means may also be the means by

which power is suppiied 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 tootl for displacing a closure mémber
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



apparatus and net hod enbodyi ng principles of the present inventign; 2
FLpt A,

Is a schematic partially cross-sectional view of a second 15 app d

met hod enbWRAMAEYri nci pl es of the present invention; FIG RCTAS#0/23722
schematic partially cross-sectional view of a third apparatus and net hod
embodyi ng principles of the present invelition; 20 FIG 4 is a schematic
partially cross-sectional view of a fourth apparatus and nethod enbodyi ng
principles of the present invention; 0 7 APR 2004 WO 01/ 18357

PCT/ USOQO 237 : WB h ' ial | - ' | Vi
of a fifth éégg?ﬁﬁ'an rrg?ﬁ@ﬁ ghb%rﬁapgé\)r'\@lé p'?ﬁggr @)? Sgﬁﬁﬁglrcggg&dlaem
invention; FIG 6 is schemati c gart iall é cross-sectional view of a sixth

5 appar at us $HFHeSHEE HBIRGSTHIBSERSPHI dsSHRIM [(2USe 2 Mardness sensar, Fi G

7 is an enlarged scale schematic partially cross-sectional view of a
portion of ta@ositioh sensaraets., ahdArAy thansnuitidata R gardngdmestidtas to
partially cross-sectional view of a seventh 10 apparatus and net hod

enbodyi ng pr¢ ggbgado& Vieg present invention. DETAILED DESCRI PTI ON
Representati vely an sc%ematical ly illustrated in FIG | is a

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 th_e 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 method embodying principles of the present
invention;

FiG. 3 is a schematic 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 embodying principles of the present

invention;



met hod 10 whi ch enbodi es principles of the present invention. In 15 tﬁ? APR 2004
follow ng description of the nethod 10 and ot her apparatus and netho

descri bed %y @iRasdi rectional terns, such as "above", "bel oyépysepRes;

"l ower", etc., are used for convenience in referring to the acconpanying
drawi ngs. Additionally, it is to be undergtood that the various

enbodi nents of the present invention described 20 herein may be utilized in

various orientations, such as incli ned i nverted, horizontal, vertical,
etc., wthout depgkt&# %&%‘bomt I’ICI pl eﬁl ?f the present i nventlon 0 7
APR 2004 WO 01/1 uéb%/ agiq parHaleetsg S@@t'%@evkﬁ\@& eba 12

I s conveyed into a tubular string 14 and engaged with an item of equi pnent
or valve 16 fifoheappanattisedndnmethcdrembodginge prirscipled iofethei presdnitat ed
in FIG 1, the valve 16 is a sliding sleeve-type valve and the tool 12 is
utilized to fh\?% Pce a closure nenber or sleeve 18 of the valve relative
to a housin the valve to thereby permit or prevent fluid flow

t hrough one or o eni ngs 22 f or med ewal | of the housing.

ou
Honvar 1t 15 1 oFiGs Bl Buf I5FHERIars: Daatialit: DS sERbENal negMpraa SRE
principles of the present |nvent|on may be perfornmed 10 with other itens of
equi pment5 andppanatus yppd danethbvksensdnddvindg poinciplasypet theseapresent
tools. The sleeve 18 of the representatively illustrated val ve 16 has
three positigiferigbpt i ve to the housing 20. In the closed position of the
sleeve 18 as depicted in FIG 1, the sleeve conpletely prevents 15 fluid

fllow through the pl%‘?n} ¢ azr? erlulgrégﬁ ?Jzaﬂgvgchlgm'a%tcdipsapki%ﬁsdcross-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

method 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”, “upper”, "lower”, etc., are used for convenience in referring
to the accompanying drawings. Additionally, it is to be understood
that the various embodiments of the present invention described
20 herein may be utilized in various orientations, such as inclined,
inverted, horizontal, vertical, etc., without departing from the

principles of the present invention.



upwardly until a relatively small dianmeter opening 24 formed throug

si dewal |

pressure differential across the sleeve and it is desired to reduce this -

of the sleeve is-aligned with the opening 22 in the housin€7§8?2ML
t he sl eevewis01/1838n equal i zi ng position in which limted fIRCHUSHEITRE
permtted through the opening 22. The equalizing 20 position of the sleeve
18 is typically utilized in this type of-8alve when there is an excessive

pressure differential w thout eroding or danmaging seals resisting the

pcT) Usoor 23722 - ohieg: MesoR, Ara Seryies e 7 e ve Ingend foibduar

t hrough the sleeve sidewall is ali%ned with the opening 22 in t
|

f or ned

housi ng 20, 8HdNg| 48vantds enYagedpaithho t

8M i &f V@A ENd: ioremplve 16

he

unrestricted fluid flowis permtted through the opening 22. O 5 course,

it is not nepesgeoniattieen the sttingt has peprederitasively tingstrated entric. 1,
I nvention for a valve or other itemof equipnent to have the positions

Hffe el o2 5o BEDE S B8Rt ite 2l e bl T ARIERR S

representati
utilized to

open positions as needed to control fluid flow through the gpening 22.

order to Becdisblage a cdpsure reemPoe aoslaaye ABusf dhexyalie,

elgfdvei to a

provided with one or nore engagenent nenbers, |ugs, dogs or keys 28

confi gured fppsiwpeIdiol ¢cheevghgetontherethy pamit lor PPeventrfiaid yflow ned
in the housing. 15 Qther neans of securing the tool 12 relative to the

val ve 16,
may be
10
15
20

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

other types of service toois.

The sleeve 18 of the representatively illustrated valve 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
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
position of the sleeve 18 is typically utilized in this type of valve
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

In

ot BeFoudiR5ise Yr FIMIRISPRMINGE B crmed (HrbtigH %PSacNalPbeitHes



utilized-in the nethod 10, without departing fromthe principles of 0veAPR 2004
present invention. The tool 12 also includes engagenent nenbers or dogs 32

for 20 enga®ingsdshe sl eeve 18. The dogs 32 permt appli cat ipgir/@§0028722
upwardly or downwardly directed force fromthe tool 12 to the sleeve 18

for displacenent of the sleeve upwardly .af. downwardly relative to.the
housing 20. O course, if in an alternate enbodi nent WO 01/18357 -10 0 7
APR 2004 PCT/ US00/ 23722 a cl osure nenber of a valve is displaced radially,

rotationally_l terall r otherw s corres onlng chan estothetool 12
may be maded| %%‘S fﬁé ﬁﬁrh Pﬁyaﬁf:ﬁ\ﬁm%tﬂs PREEHT i wberfiOrENEd
Addi tional ly, dlfferently configured, nunbered, arranged, etc., 5

engagenent nwourgh ridne lSlE&l&dld@Narlor\slalhag@Bdawmrthe bplerdng Eﬁelnt Qhé 12
and the sl eeve 18 and/or housing 20. The dogs 32 extend outwardly froma

housi ng 34 t n t 2
represgntatﬁggﬁ dég%}?ﬁ%gﬁﬁ%$€|ﬁ ”fﬁﬁpgggéafé?ag%hf%n aﬁ#ﬁéaFegg‘ﬁg or,
since the sleeve 10,18 is . |li ear di spl aced between its positions rel ative
to the housiWarestgictegnelde How iid mer dtede SProugRyEhe @BaNIM@L 2%t hef

types of actuators may be utilized, w thout departing fromthe principles
of the Presmirsenviénisi oot Aecassayt &bl keegingatveithwbhe hpnimeiblesusédthé or
the actuator 36 is the DPU (Downhol e Power Unit) available from 15

Hal | i burtonb@%u ckﬁwn 11968, fdr8-vaite EFdtheretertict byufsaiimd tbhave

conveyance e or
the positions representatively described above and depicted in FIG.

1.

The tool 12 is utilized to displace the sieeve 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, Iﬁgs, dogs or keys 28 configured for cooperative
engagemeht 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
utifized 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



coiled tubing, since it is battery-powered. A slickline 46 is depicted R 2004
FIG 1 as the neans used to convey the tool 12 in the string 14. It shou %Q
be not ed, WOW{IBBES7 t hat ot herwi se powered actuators and 20 REBUSHEZATR2 of
conveying a tool within a string may be utilized, wthout departing from

the principles of the present invention.-The valve 16 incl udes

communi cati on devices 38, 40 which permt communication between the val ve

and respective 0 7 APR 200 WD 01/18357 -11 PCTI USOQ 23722 conmuni cati on

cerve many. ot Gosult FERboE: oFa8, SARTICHnRReRR VS8l rofaribhal

and many of these are described below However, the descriptions of
speci fic puriadeeslly @r otilReBVisemennresnopding changessto 1be tom! 14may tre

representatively illustrated method 10 are not to be taken as limting the
variety of If'ﬁéﬂi ef i keapH O\ﬁfiﬁrprtHETpﬂﬁ%Inlésao'f‘Etﬁédp'r§§é}ﬁ9qrn%te'rl’t‘ibn
principles o he present invention he devi ce be supplied W th

netuded | n RRETEONE)Y. 1R REFENRTEORABERS, R

clearly wunderstood that any means of supplyin Eémer to the device 38 may
be utili Zed, enpgasementpdNeNRERS dMavhebBr iUsE dirovide prengagement
i nventi on. The power source 39 nmay al so supply power to sensors, 15 etc.

associ at ed whebwidih tiegited!38.and the sleeve 18 and/or housing 20.

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 principles of
the present invention. An acceptabie actuator which may be used
for the actuator 36 is the DPU (Downhole Power Unit) available from

15  Halliburton Energy Services, Inc.

The DPU is especially adapted for conveyance by slickline or
coiled tubing, since it is batterv-powered. A slickiine 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



The device 38 may comunicate to the device 42 the identity of the g} weR 2004
16 (e.g., a digital address of the valve), so that a determ nation may be

made as_t oyphghhsy the tool 12 is positioned relative to t%Tﬁl%ﬁEﬂzt em
mu

of equi pnent in.the string 14. The string 20 14 nmay incl ude I pl'e’itens
of “equi pment, and this communication between the devices 38, 42 may be
used to select the valve 16 fromanong the multiple itens of equi pnent for
operation of the tool 12 therewith. For exanple, the device 38 may 07 APR
2004 WO 01/18357 PCT/US00/ 23722 -12 continuously transnmt a signal

i ndi cative cfomBLUNdeionydeyicesed?,afdeof thestoohd?, HsettemMmohidXios
conveyed through the string 14, the device 42 will receive the signal when

the devices g8vicks 38 10, M2, Wi M/ sahtey ﬁéﬁ?%wﬁéb?iﬁéﬁﬁébﬁjﬁc@wgf > AS

anot her exanple, the deyice 38 may not transmt a sign evi ce
42 polls th A ranso t i a_signal as the tool 12 is.conveyed
t hr ough theegffiér?gﬁli.g \wt(ﬁt gﬁ ng\}érg‘&'béﬁdpm\éﬂé&ﬁ?ﬁet@% ﬁcrép%agnal
to which only the device 38, out of nmultiple such devices of respective

ot her itens REICMuI PreWEVED, ithe desdiptionseost spegificd pupdsese$ppnthe Such
progranmm ng may be acconplished, for exanple, by utilizing an electronic

circuit 48 muamrachechtiont brevilesd c3842a0,0 42he 410qh ¥Rheor pepleseitatQ@ly 12 i s

in comunication with a renote | ocation, for exanple, via wrellne or

emt e from MASTASGR, MRIHEEEa0ecnbl BLATIARRTEE BRI YRHSROr ¢ em
of equi pnent to a service toql, and of
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 3S. The power source 33 may be included in the
valve 16, or it may be remote therefrom. It is to be clearly
understood that anv_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 valvel, so that a
determination may be made as to whether the tool 12 is positicned
relative to the proper item of equipmentin thé 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



selecting fr
string for o

t he device 3
t he device
nore power i
WO 01/ 18357

omanong nultiple itens of equipnent installed in a tubullat APR 2004
peration of a tool therewith, may be utilized with any of the
met hods deWerM8dherei n. 20 Transm ssion of a signal from therdsv/zE2d2 to

8 nmay activate the device 38 froma dormant state, in which
38 consunes very little powerf21¢o0 an active state, in which

s consuned by the device 38 as it communicates with 07 APR 2004
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Hevimerat avilhgedeMiecghe38icial daseh i iad daliens wwwe re' inis
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ndi cation that the tool 12 is operatively p05|t|oned or at

| east witdin a erﬁi%IrﬂiﬁﬁéEéxamrﬂéa'ﬂﬁé Aevite SRCHHR H%tf&ﬁ%h R a sﬁ‘é@éi ve

to the valve 16. For 15 exanple, communication between

eVl ces

The ' tool 124k the BRuGE AR RS SHERRSled g dv Erariilciia.s siaRabhs the .
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20

tool 12 is conveyed through 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
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
accomplished remote from the tool. The above-described methods
of identifying an item of equipment to a service tool, and of
selecting from among multiple items of éciuipment installed in a
tubular string for operation of a tool therewith, may be utilized with

any of the methods described herein.

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

the devices 42, 38 is to

%ﬁ{:ﬁggtb@cﬁ?gﬁmrgkt%*@gﬁ&genI nvention. Anot her pur pose



28 outwardly into engagement with the profile 30 until the comuni catlibAPR 2004

bet ween the devices 38, 42 indicates such 20 alignnment. This indication may
be transmwoedigss7t he tool 12 to a renote |ocation, for exgomhesoossr2khat
an operator nmay confirmthat the tool 12 has operatively engaged the val ve
16. WD 011183 57 PCT/ US00/ 23722 -14 Yet-gRot her purpose which may be served
by the conmunication between the devices 38, 42 is to indicate the
position of the sleeve 18 relative to the housing 20. As representatively

ci oot devi oHEe GHECR; 431 acDkbnBChvaRBR, B tiE 8 Re, Do, Gk BRitcEhe, (e

device 38, so that the device may transnmt data indicative of the sleeve
18 positi on devides38iteicomuzuninate witt et demicendy. t hen be transnitted by
the tool 12 to a renote location, for exanple, so that an operator may

confirmthe sl eeve 18 Siti . 10.Note that one_or nore of the sensors 50
may be any type S 2NOERT REEMALYS| Eheoteolt 12 nMAb SRRIVsPaME! HEO
pressure or tenperature sensor. Use of one of the sensors 50 as a pressure

i ndi cat or nmegpéeates thel devicde88r nThusgtipe edevice 2Hphagdhob comminigatesur e
differential across, the sleeve 18. 15 Another sensor 51 is positioned

pr oxi mat & fitwlit?ﬂiﬁect?;@\{i%% AP UntPPeRe 188 43, isqn%mméﬁtw%memﬂmgv

fluid fl ow ng roug openi ng. e sensor 51 Is connecte

device 38 for ransm ssion_af .data from.the s [ h L.GCe. e

sensor 51 i the aWEcTe, Pritey AtA retahiE poligh, trlabUB, i Sheouales o

sensor 20 for detecting these properties of fluid flow ng through the

openi ng Methods of supplying power from the tool 12 to opérate 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 a2 predetermined
distance of an operative position, relative to the vaive 16. For

15 example, communication betwee_n the devices 38, 42 may indicate
that the engagement member 28 is aligned 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 indicates 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 tooi 12 has operatively engaged the valve 16.



22. For exanple, the sensor 51 may be utilized to determ ne a percentage gPR 2004
of water in the fluid flow ng through the opening 22, to 07 APR 2004 WD

01/ 18357 P&EQ/AI4887723722 - 15 determi ne the nunber and/or sizerCiUpEVITII €S

flowi ng through the opening 22, etc. The devices 40, 44 communicate by

direct electrical contact therebetween-1As depicted in FIG 1, the device

40 is connected to a 5 pressure sensor 52 exposed to fluid pressure on the
exterior of the housing 20. in conjunction wth another pressure sensor,

such as one of t{gt sefise¥serO ru'i‘ﬁ%h pEes S€QSO i~ € S to
fluid pressure in the interi 0|F;Uo the ﬁ%ﬁ@?‘ngﬁ%\? tlﬁg p%eergé&ew Wle
differential _across the sleeve 18 be readily determ ned. Such

det er mi nat i oFCAYWRCHIOR RETYEEH gﬁéoﬂ%?%s C$g10lﬂ& is6ctaf indicateolither,
transmtted fromthe tool to a renote | ocation and/or the determ nation
may be nadepasition ofnothe | steaveon18r arelative arteni tise orhadsihbe 2mt er iagr  and
exterior pressure indications. As wwth the devices 38, 42 descri bed above,

communi cat | ofeprsepRbyGRly IBLAMER K 1 HnaB MBreSsEt R BRIREEOSeS,

in addition to that of sensor data commudicafion. r
communi cgti on. hetween the deyvices 40, 44 may be used to indicate that the
Coor 12" 3 Bl 23l Deicts Pliadispldement Wansauser, o v e
representatively illustrated devices 40, 44 conmunicate by 20 direct
el ectrical oconaected tohtbendeviceaBB8probthatethetdevitevive®ds tramsitadataat
| east that the devices are aligned with each other. This indication may be
transm tted jRyitdgvé &F tHE slebve N8BOSLION 86 'tHe device 42. This indication

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

example, so that an operator may confirm the sleeve 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 fiowing through the
opening. 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 fluid flowing through the opening
22. For example, the sensor 51 may be utilized to determine a

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



This indication may al so be used to control extension of the dogs 32 %77
APR 2004 O 01/ 18357 PCT/ US00/ 23722 -16 outwardly from the housing 34Ui/mbig 2004

engagenentwoiot fgishe sl eeve’ 18 by the tool 12 i'n a manner Sip f(? ?ughat
descri bed above for control of extension of the keys 28. An indication

that the keys 28 and/or dogs 32 have opegatively engaged the respective
housing 20 5 and/or sleeve 18 nay also be transmtted by the tool 12 to a
rem)te | ocation. As anot her exarrpl e, the circuit 56, or another circuit at .

renmote | ogation ro d to control operation of the tool 12
based at 1 ediataraning the RIS BRRTor Siec? markicihs Flewing Gbrotsh toe 44
The ci rcwt 56 may be connected to the actuator 36 and nmay be programred
to prevent topeatqaPpetd.rom displacing the sleeve 18 to the open position
if the sensors 52, 54 indicate that the pressure differential across the

sl eeve is outside an acg gtable range, e.g., if the pressure differential
i s excessive. ThdNg AgMi¢ %610154Wmmww@ateebwr@lgeatnﬁectmcaiemmacne

actuator 36 to displace the sleeve 18 to the equalizing position, but not

to the openthesebetween.f Astdepictsduneridi fif eherde\ﬁtem@%foﬁﬂi@cﬁé@%ea's
excessive. Thus, it will be readily appreciated that the nmethod 10

desgf f t
Phe.val ve ‘i%’f’éﬁmﬁ%‘?FEQE%E?%%%%?%??.W’% 4§ i esatie Bof ERG SXELE: Herthe O
An oper at or .con &Ihe t ool t1 the string 14, the tool and the
val ve 16 may €, b Gonlenetian, M aother phessUre 26NsaR 5WChas cat e

the identity of the valve and/or to select the
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 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 illustrated 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 tooi 12 to a remote location.

This indication may also be used to control extension of the dogs 32
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Itens of equipnent installed in the string, and such communi cation may be
used to i MDOHIESThat the tool is operatively positioned r@Cavism/ 28 he
val ve, to control engagenment of the tool with the valve, to indicate
useful status 5 information regardi ng-thd6val ve, such as the position of
the sleeve 18, pressure applied to the valve, pressure differential across
the sleeve, etc., and to control operation of the tool. Due to the

i1 seq aad PPORLENDFEYTE RIS Rousifior®h TG StaddPebbdubH tng Sbfve 15 1 e

operator is able to positively determ ne whether the valve 16 is the
appropri at e PYethef te@uilgnbhta i Ma&iesd strpilpe thddwpdd degcribed adxove v her
the tool is operatively positioned relative to the valve, whether the tool

has oper at i vednitieyoabesttehsioraby ehel Revpcm tinpniredication thﬁ‘thelﬁegﬂjs
before and after it is displaced, if at all, by the 15 tool, and t

Retorri ng adiGloImaPES FEhaTs SbErater; ehBABELT IS Fonpethis fouSIRE e 5o

60 are represent atlvely and schematically illustrated which may be used
for the devided/afsslegye s BFbalioaBedanamistrday E”t‘%&OphWIf@ axempde
devices 58, 60 are shown installed in the actuator 36 and housing 20 of

t he met hod l@cabion.it is to be clearly understood that the devices 58, 60
may be used in other apparatus, other nmethods, and in substitution for

ot her conmuni cati on devices WO 01/ 18357 = . . .
As another example, the circuit 56, or another circuit at a

remote location, may be programmed to control operation of the
tool 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 sieeve 18 to the open position if the sensors 52, 54 indicate that
the pressure differential across the sieeve 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 valve 16 may communicate via the devices 38, 42

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



-18 0 7 APR 2004 PCT/US00/ 23722 described herein, w thout departing from
the principles of the present invention. The devices 58, 60 connunicqleApgzmu
i nducti ve wowrhkssg therebetween. Power may al so be suppliegd

device 58 to 5 the device 60 by such inductive coupling. T e devrce
I ncl udes an annul ar-shaped coil 62, whichyis connected to an electronlc
circuit 64. The circuit 64 causes electrical current to be flowed through
the coil 62, and nani pul ates that current to cause the device 58 to

transmt a signal .to the device

aneti ¢ 11 YAVeL KL ApanGg: ToHETate iR et L ment.

hat such srgnalrng is via a

neiRdesydnednBy t he

coil 62 in response to the current flowed therethrough. The device 58 may
al so respondstring, andgswech cdmehdnidatiorexnap! be o agalredidayet treatdeMiece
60, in which case the magnetic field would cause a current to flow through

the 15 col | @oiang BRersasekehItIoiRE! FativeSdn THES w8, 981 EsnBRITY

serve as a transmtter or receiver. vice So I ncl'udes a coi
and a circuit 68 connect i1, The device. 6 erate in a
manner si m |SPIEGEMENRT Ogeg& B%‘Eﬁ gbeﬂ?%r"qm% &Qvlrl‘g'cggg wfefql thARUS
operate differently. For 20 exa t he device 60 may only transm t
si gnal s, 5w tinfarmagiony regandingnt @ vaWEr stehvah ghei position Rdf the isigeve

addltlonally nowto FIG 3, further alternate conmunication devices 70, 72

are represenfgit predsurendpprbened i e lvalle 7 ppBR A Hifferential across the
sleeve, etc, and to control operation of the tocl. 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 vaive 16 is

the appropriate item of equipment intended to be engaged by the

tool, whether the tooi is operatively positioned 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 commuhication
devices 58, 60 are representatively and schematically illustrated
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 octher communication devices



WO 01/ 18357 PCT/ US00/ 23722 -19 illustrated which may be used for the J APR 2004
devi ces 38, 42 described above. As depicted in FIG -3, the _devices , 12
are shown WA81/2$352d in the actuator 36 and housing 20 of tBETARRGH 220,

but it is to be clearly understood that ;he devices 70, 72 nmay be used in
ot her 5 apparatus, other nethods, and.i'n1 ubstitution for other

communi cati on devices descri bed herein, wthout departing from the
principles of the present invention. The devices 70, 72 conmunicate by

transni ssi ong@icrigbecHerenyngiithowrY eepateirRP efrope nther pfieicitles oFi pBer adi o
10 frequency (RF) transm ssion. Power may al so be supplied fromthe device

70 to the device 72 el ectromagneti c wave transm ssion. The device
e 6h

70 incl udes R which is connected to an electronic circuit 76.
The circuit 76 causes electrical current to be 15 flowed through the

antenna 74, and nﬁfépelde;ﬁzi(%ésrt Bg! BOT 'RHhniGniaEe By einiut teg?%d@pnﬁgnsrﬁt

a signal .to the devic he device 70 may al so respond

Gevi ce 70 mapeietibtuetl Lo a8’ BR sURY IR Fom e decf R

antenna 78 and a circuit 80 20 connected to the antenna. The device 72 may
operate Bn dheadewice 60y such indugtivesaiiplied. above for the device 70, or
it may operate differently. For exanple, the device 72 may only transmt

S INay o L gt sed R Elded ah®SRntiasRATEE' 2oi’ed, WhIGY e YO
connected to an electronic circuit 64. The circuit 64 causes electrical
current to be flowed through the coil 62, and manipulates that
current to Eause the device 58 to transmit a signal 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 response 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 wouid cause a current to flow through the

15 coil 62 and be received by the circuit 64. Thus, the device 58 may

serve as a transmitter or receijver.

The device 60 also includes a coil 66 and a circuit 68 connected
to the coil. The device 60 may operate in a 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 alternate

communication devices 70, 72 are representatively and schematically



-20 Referring additionally nowto FIG 4., still further alternate

communi cation devices 82, 84 are representatively and schematically 07 APR 2004
illustrated which nmay be used for the devices 38, 42 described _abogve. As

depi ct ed WP BY833%, the devices 82, 84 are shown install ed YO/ESYYRI722
actuator 36 and housing 20 of the nethod 10, but it is to be clearly
understood that the devices 82, 84 nmay b¥ used in other apparatus, other

met hods, and in substitution for . other comrunication devices described
herein, w thout departing from the principles of the present invention. 10

The devi ces j§dstraiedowniohcatay lye t nsegniesithie devicess3g ed2pdesesibed
t her ebet ween, preferably using acoustic wave transm ssion. Power may al so

be suppl i ed i ia t ie dEERSH G M hESiiES ol dPUSHONRTREAR | DeS:

The devi ce I nclu ast oOn€' pi ezoel ectr ch is

connected to an el ectronic circuit 88.__Th ircuit 88 causes . el ectri cal
current to KB pEWERLArH#6 A (HRULNGs 28] Ogé%eaﬁbeth‘ﬁi%ﬂaﬂﬁétt’ﬁaﬁo(Q.ﬁ'rent

to cause the device 82 to transmt a signal to the device 84. The device
82 may al soctesppnundersivess thet piie edeviceanady 72 athayr be useddavicthéd, in
whi ch case the device 82 may also 20 serve as a receiver. The device 84

al so i nckud t620ClRREF! Cnidthdd 99nandiR ' b b3 C e o the

crystal .gThgﬁ evrle_ggg'84br€ay operateclﬁﬁ a nmanner %ﬁnsﬁﬂqu% tﬂgl? g%fggerrlt bed

above for e de iabiin YevidedMetribdf HATH, Wlh3Y: 8R4 HREY 25722
the principles of the present invention.

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

10 frequency (RF) 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 operate in a manner
similar to that desci‘ibed 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.



operate differently. For exanple, the device 84 may only transmt signalspp 2004
w t hout being configured for receiving signals. O course, it is well known

that a pi qg@ghagisHi ¢ crystal distorts when an el ectric currmniuss/apg i ed
thereto, and that distortion of a 5 piezoelectric crystal may be used to

generate an electric current therefrom .dpus, when the circuit 88 applies a
current, or manipulates a current applied to, the crystal 86, the crystal
distorts and causes a pressure pulse or pulses in fluid disposed between

the actuator 36 and the housing 20. This pressure pulse o ulses, in 10
turn, causes the %@Wﬁmgg@dgﬁ"gﬁ@ﬂ‘érﬂo%dﬁ & ety égﬁ'sgé'rgh%ﬁrig%’ma@ a
mani pul ation of a current, to be flowed to the circuit 92. Ina simlar

manner, the demmerfdation dewcesiS2, 8s&amnpepresaritatilely andechematicalive
ones of either or both of the crystals 86, 90 may be used, if desired, to

| ncrease {heyaRplarediduRicr N9 B Wd Horethec ot B hhctgbyribgd ! O

I ncrease the anplitude o gnal generated when e pressure pul ses
are received. Thus have been, de [ sever al ter nat e neans i.ch
evi cos may. dofHEnASHEPIGERLIN Hity 4106 GFVIEs S a8 SEVEDmied P o
tubular string and a tool conveyed into the 20 string. It is to be clearly

under st odd, thvsvactuatohads amd hyusing 2@ @fnting caathwdi 4G, dautvdly iDdoubed f or
t he conmuni cati on devices described herein, and that the principles of the

bresent i nvegielply | Aceratbobiothir amsigiaiest @9, laatihag be Lbedshedttieral |y
described O 004" WO 01/ 18357 PCT/ USO0/ 23722 -22 conmuni cati on

devices. many oL hel SCOMBHILF A RnEYE C%ha®h  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 pulses
transmitted from the device 84, in which case the device 82 may also

20 serve as areceiver.

The device 84 also 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



ot her types of communication devices, nmay be used in nethods and ap%afﬁpg,lm‘
I ncorporating principles of the present invention. For exanple, the

crystal 9 she a radioactivity producing device 5 and
coul d be ??% %a?:)tlw ty sensing device, the crystal 90 cok?g agﬂggnet

and the crystal 86 could be a hall effec{,device or a reed smntch whi ch
closes in the presence of a nmagnetic field, etc. Furthernore, each of the
comuni cati on devi ces described herein may have a power source

i ncorporated therein, for exa lo a battery may be included in the each
of the circlPPerate differeptivgor or @etangnlaie@w icé8d maRremdy riragsmit
additionally nowto FIGS. SAM a nethod 100 which emnbodies principles of

the present digrgist withbeit aringTRMFag e Yoarréceﬁnhﬁ@?gnﬁal ly illustrated.
The nethod 100 is simlar in many respects 15 to the nethod 10 descri bed

above, in that a tool 102 is engai ed with an itemof equipnent 104

installed in a tUéucaurse,ritrig Weld knesxrmithataai piezoglectricbcydtatl distomten a
conmuni cati on device 106 of the tool and a communi cati on devi ce 108 of the

itemof equvReBNEn électedictiresht 15 &bpfedSid&etihand eﬁb@fmﬁwtm'af 04 is

20 a plug systen1and the tool 102 is a retrieving tool, but It is to be

understo f e V, ed in
under st 989 REOBIAATICICFEN hiR BECHER A Y5Ehe ORI, Mooy ERIARERE S0,
-23 The pIu system 104 includes a cl osure nenber, pressure equalizing .
menber or pri&YRFEIAQN.whi EAUS.s WReN| AGey Giecuity &8 vﬁ'ﬁ’ﬁl'ﬁs ad SuUigeatseabl y
112. The plug assenbly 112, in turn, is sealingly

manipulates a current applied to, the crystal 86, the crystal distorts

and causes a pressure pulse or pulses in fluid 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 2 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 understood, 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



engaged within a nipple 114. The nipple 114 is of the type well 5 knBinRRG00;
those skilled in the art and which nay be interconnected in a tubular
stri-ng, bwopny1&EdDWN apart fromthe tubular string for ill ®ET 0023722
clarity. The plug assenbly 112 includes a | ock mandrel 134, which

rel easably secures the plug assenbly rei@irve to the nipple 114, and a 10
pl ug 136, which sealingly engages the nipple to block fluid flow

t her et hr ough. The plug system 104 may be considered to include the nipple

114, al thou 61 e 11 gy R0 OB cabiert B ices DAk

f|UId flowt roug o er nipples or er tubular ers t he

pl ug assenbl and_pron al so. 15 considereq . to ris ng
v ce- apar CHTRAURES AF Coramdnicafion cevice @9\!3@ Ut Pomatraaig "5

a battery or other power source 109. The power source 109 may be |ncluded
in the pl ugapyatatwslcorporatingayriacidestef tther resent |inventienbe For
clearly understood that any neans of supplying power to the device 20 108

may be util ﬁy@%p\mt bRt ceRBar gon@ourcprné he raﬁicmuwuw pfodleingresdiee
I nventi on. omer source 109 may al so sup power to sensors, etc.

rong 1161 andth g‘*@%lﬁ%@@&déﬁ%yﬁ%ﬁﬁ%ﬁ@@% Mg Hfédces ‘“-“F'Sfom "
FIG 5B, fluid fIOM/aX|aIIy t hrough the nipple 114 &and throug éﬁ
136) is prevheeuld wea maensmﬁ@g the qrystai.%ﬁacae%b il §Test WIE

the plug assenbly 112 and nipple 114, 5 fluid flowis permtted through one
or more rel ast wefoedBwitch opbimgsodds if dive prebence lofa asinagreticofietde

plug 136. Such fluid
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 illustrated. 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 eqguipment 104 instalied in a tubular string and
communication is established between a communication device 106
of the tool and a communication 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.



fl ow t hrough the opening 116 may be used to equalize pressure across Q%APR 2004
plug assenbly 112 before retrieving the plug assenbly fromthe nipple.

Not e t hat WQAER¥he plug assenbly 112 is renoved 10 from t hBCEIUSP/237244,
relatively unrestricted fluid flowls permtted axially through the

ni pple. A pressure sensor 118 is incl uded®in the prong 110 and is exposed

to pressure in the nipple 114 bel ow the plug assenbly 112. Anot her

pressure sensor 120 is included in the tool 102 and is 15 exposed to

pressure in the nifplglubléyehane 1Uaelﬁbmﬁjé§,5%e@6§ixrje1?rneﬂt'9€rpr

sensor 118 is connect ed to the device 108, which permts conmini ca‘?l on of
pressure dat r.t ev 106 sure data fraomthe
sensor 118 léét%bgg\??ﬁggpfée&éﬁgé)ﬂawgpég&?E W LEGGINRO WAtIBA o
120 may be input to an 20 electronic circuit 122 of the tool 102 and/or

transm tt ed RIBGa asseBIRly Nd2atTiheh. PRI RsSEEBIY d1@at i My nbeisusedlingly
determ ne pressures applied to the prong 110, plug assenbly 112 and/ or

ni ppl e 114, errghgeaywigtinsgchippldeq4.m Thet Al Pecasyric of fth%f(t E?baWélFrO_SS
the plug 07 APR 2004 WO 01/18357 PCTI USOO’ 23722 .25 assenbly. The circuit

prevent Sperd il & thhsedifled B RS ace?@iéﬂa%obﬁ%Yqﬁ%OBP‘*?%%@Fd '
pressure di fferen}péﬁ exc sive, or aper mt only limted displacenent
of the prondid HRIgY éi@ﬂ!ge % F@P@ﬂi ,a&q rt frem d68 FabuliotHdng pfissur e

sensor 132 may optionally be included in the prong 110 for measurenent of
pressure i nifustrativepgtlariiyi4 above the plug assenbly 112.

The plug assembly 112 includes a lock mar;drel 134, which
releasably secures the plug assembly relative to the nipple 114, and a

10 plug 136, which seaiingly engages the nip'ple to block fiuid 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 108. 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.




The tool 102 includes one or nore engagement nenbers 124 confi gured fo‘117 APR 200k
operatively engagi ng an external profile 126 fornmed 10 on therron 110.

Such engade?BHI83pernits the tool 102 to apply an upwardly &FCASEIEE3TRrce
to the prong 110. Another portion (not ihown) of the tool 102 nay be
engaged with another profile for releas ‘ﬂ)l‘y securing the tool relative to
the nipple 114 or plug assenbly 112, simlar to the nmanner in which the
tool 12 is releasably 15 secured relative to the valve 16 using the keys 28

and profile 30 dyhen e ghorg 10 iexeedivglyt recknmd 1@./?tl’ﬂﬂu|tﬂeh@lﬁ%g4

portion which engages an internal profile 128 fornmed on the mandrel

134, and codaeDNSLEF 75 SPad LG 76 56 ARRF o SREHEhr b ol EnBoMRice, o1

directed force to the profile 128 if desired. The engagenment nenber 124 is
di spl aced i rit1d @ngh§BraHBh the pluac 3R ds prevepsedy Whelr thatonsd 106 ch
I's connected to the <circuit 122 (or to another circuit, e.g., at a renote

| ocation). TdispacedABBwArHIyWelaXive 8850hdPOTudaBeeARNY21128ndi nippie 1ML may
be progranmed or configured to permt the actuator 130 to displace the

engagenept r icnt e ] e ' T

comruni cgt i gﬁﬁmgeﬁléve&gnist e @wggs%g,uwmgobgdidggﬁﬁgr?hat tﬁgé%(’o\(l)%?ﬁﬁgz S

5 operati vel osi tion relatiye to the.,prong 110, _ni ppl 14 or plu

osebmbry 118pamBdsHTEdernRa SErpUBn asidabal Gb the dubR a6  Guth Aul

communi cate by direct electrical contact, so establishment of

communi cat i Ftowhé&hebughetinenapebénd h#16 niayabeodsedato tegualizg pressure
across the piug assembly 112 before retrieving the plug assembly
from the nipple. Note that, when the piug assembly 112 is removed

10 from the nipple 114, relatively unrestricted fluid flow is permitted

axially through the nipple.

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 piug 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/qr nipple 114, and

may be used to determine the pressure differential across the plug



102 is operatively positioned. 10 Alternatively, the circuit 122 may ©& APR 2004
programmed to permt engagenent between the engagenent nenber 124 and the

profile %%8984%%7mhen the pressure differential across thepprong, 1.0, and

pl ug asse is within an acceptable range, or at | east oot
excessi ve, al though, since displacenent._ § 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 nay
prevented from engaging the profile 128, or may be prevented from

di spl aci ng tassepnbly.assBebCircuiD 122 40F v@@ﬁ"&l‘héﬂﬁﬁl@bl €.a.14at ix reppete
pressure differential across the prong 110 and plug assenbly is 20

excessi ve. ThratRiNOthayOBedsromsimAieas tbhateventnopelratiodl of theptesen02

i nvention may be incorporated into a variety of different apparatus and

W0 01/ 18357 BLAItRBbEAEBre5e°|10 EcRE KR it PR & BRLesifel bF*°

be

appar at us and met hod enbodi nents descri bed herein. Referrin addltlonally

now to FIG & RefsoRepnhetipitet:lisriassaent ofr thei prera Jf R€ssure

I nvention is representatlvely 5 and schematically illustrated. In the
met hod 140, differanidal iseewcestiveeganptirer prégsurbisensar p3zaoeay optionally

comuni cation with a service tool 146 conveyed into a tubular string 148.

The item of ﬁg%h%fqggu%?thé pPomG" 1 FoP ImtBSuFétAnt! of oriedsurein ane the

I tem of equi prent
nipple 114 above the piug 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 toot 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 nippie 114 or plug
assembly 112, similar to the manner in which the toot 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



10 The tool 146 includes a conmunication device 150, and another (yynPRﬂmh
connunrca%hgﬁlgﬁg%ce 152 is included in the string portion

depi cted M0 H the devi ces 150, 152 conmunicate via |HEE@9§°9@3722
coupling, in a manner simlar to communi gati on between the devices 58, 60
descri bed above. 15 The device 152 is cofiféected to various sensors of the
string portion 142 and packer 144. For exanple, a sensor 154 may be
positioned externally relative to the string portion 142, and a sensor 156
may be posi tgitmuitl t@2emay! per ghrodraented herpadkdiguret tohdgderhritathe.

ot her sensors 158, 160 nay be positioned in the string 20 148 and
connected t Vi n 1 , il Whi Cch
case i ndi cat(:hrcgggt(gﬁf 1§tera In PEE? égsftﬁ% éqggﬁlén% g (?'teénﬁdum? #gg f'bgﬂr t he

device 152 to the devi ce. 150 for starage a no devi ce of the_ tool
146 0 7 APRESBIAEETAENTL WALE 7 e/ RIG IR Oﬂge f‘%}gel’at‘-@mf@w‘l‘@téﬂ"ﬂ

e.g., at the earth's surface or the tool 146 may transmt the indications
to a renoteUatwmemn.thSudﬂreraicesrdDﬁ, gd0geindimates 1Bat ntlgebdoali Mo2eds f or
exanple, to identify problematic displacenment of the string portion 142,

whi ch_cog! d opferueivel§ poSEire refativd 6l t1fd Hrohd h%eh&;ﬂ%@m ¥r bfug

nonitor fatigue int tubing string 148. The sensor

or  any. ot neP iR 1aensorhey beBReduREFVety FundREta |0 URES " hber, 16850,

to indicate pressure applied 10 to the string portron 142 or pressure
di f f er ent i aCORRABYIICARR &y j@iect 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 utilirzed to
15 cause reduction of the pressure differential as described above, this
alternative is not preferred. As another alternative, the tooil 102 may
be prevented from engaging the profile 128, or may be prevented
from dispiacing 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 principles of the present

invention may be incorporated into a variety of different apparatus

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




: . : : : : 004
portion. To indicate a pressure differential across the string portlo‘ll7 APR 1
142, "anot her of the sensors 154 may be positioned internal to the string

portion. VWgofenaprs 158, 160 may be pressure sensors, in wWacghse@sszz 15
i ndi cati ons of pressure above and bel ow t he packer 144 may be comruni cat ed

via the devices 150, 152 to the tool 1462And stored therein or transmtted
to a renote |location. The sensors 158, 160 nay be included in the packer
144, and may indicate a pressure differential across a seal nenber or

Cerative to Rhde eRIETesniSed LStk hEBHT pbpralis A, Rigindge

readily appreciated that a communi cation device is not necessarily
i ncl uded | rerahedimentadestdedherfinpment or in the same item of
equi pnment 07 APR 2004 WD 011183 57 PCT/ US00/ 23722 -29 as a source of data

comuni cat ed by the device, 1.0 keeping w th rinciples of th sent
I nvention. Refer ‘?f&rﬁ'@(ﬂ tq%g\qr&ﬁ&oﬁw IEPGﬁ(s', Sg)h@nﬂtﬁﬁgrnl%9§ gé@wn I n
an enlarged quarter-sectional view. In this view, the sensor 156 is 5

depi ct ed as emvhexdying peinglples 66l therraseaitvinuenticr ns orepnesentatively 66.
The packer 144 includes the seal nenber or elenment 168, which is radially

out war dI é ez}irgt?‘%%ﬁeimaﬂcﬁwlninﬁmmgqﬁeme whethad 1, | peneipld Gtaist e

wel | . FI so depicts a seal assenbly 180 sealingly received in the 10
packer 144. nf i i t.hat..th . : L.S e ; ILg1 oned
relative to qcﬁé'pdég%&rﬁaﬂq@sa%r @lﬂ%@d'@?’%‘gﬁ"%ﬁﬁmen 'g?’ sréﬁ(ucé’?ﬁbtl

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 FIG. 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 sensor 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



178 of the packer. The position sensor 178 is connected to the devic8 71@’3,20““
so that an indication that the seal assenbly 180 is proper 1 44-9ned
relative WQ‘Pﬂéﬁﬂacker 144 may be transmitted to 15 an oper%?%@gé%jg%
position sensor 178 may be a proxi rrity_%_sor, a hall effect device, fiber
optic device, etc., or any other sensor " 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 nmeasuring conpression

or pressurefon later seltievak®er, abdhergardenssifacs ahthe (e clifeMavr e
sensor for neasuring the tenperature of the seal nenber 168.

Al ternativekyansAtetRe Pefifattbnt o serewiotelfobatid® suctha stradsigaugety
sensor, strain 07 APR 2004 WD 01/18357 PCT/ US00/ 23722 -30 sensor or

har d . Thus, i | ' [ of
censor -y Bensak Laibdmiel Bhe UsEeSk r, ERTRES, & Gy, fApolehpsue
principles of the present invention. The sensor 164 is a specjal type,of
sensor i ncodigplacemeNt BFi ABEPISEEING PRELIGNesHR WhiGh i epul h@rgéégsr 164

includes a portion 172 configured for inducing vibration in the seal

nmenber 4§68 jnas1dicn BF & itoo| $TAngottiémthedubty, oretsumonitar fatiguann the
frequency of the seal nenber. In operation of the sensor 164, the

vibrating p ' L2 ctivated to cause a projection 176 10 extendi ng
into the segpbi{gﬁ‘géﬁ?‘%ytﬁo vi brate. For exanple, the vibrating portion

172 may include a piezoelectric crystal to which is applied an alternating
current. The cryshal sardyrat S5 nmay aitspeasively, or additionally, be a pressure

sensor, 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 internai 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 via the devices 150, 152 to the tool 146 and stored
therein or transmitted to a remote location. The sensors 158, 160

may be included in the packer 144, and may indicate a pressure

differential across a seal member or element 168 of the packer.

20 Note that the device 152 is remotely located reiative 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




the current, and thereby causes the projection 176, which is attache[<]1I7tﬂt:§)R 2004
the crystal, to vibrate also. This vibration of the 15 projection 176 in
turn causegpblygssseal nenber 168 to vibrate. O course, theperysbebsmepul d

be directly contacting the seal nenber 168, in which case vibration of the
crystal could directly cause vibration -28-the seal nenber 168, w thout use
of the projection 176. OQther nethods of inducing vibration in the seal
menber may be utilized, 20 , w thout departing fromthe principles of the

P be adnry RS dar ConiReE, REFBY e ERice. b Ao TR e o

natural or resonant frequency. The frequency neasuring portion 07 APR 2004
WO 01/ 18357 PXEMCIES/FFoPEasanlyinkaddes. t he resonant frequency vibration
of the seal nenmber 168, and data indicating this resonant frequency is

andror - transm s SORTDEEGaIeHant HowEd e theadantet 134T SHGWILELY, "

for 5 the vibrating and frequency neasuring portions 172, 174 to be
separ at e poralh @yaged RUAERESECTRNA| VIew. fIBr thigavigve, the Sansesel =R tsi c
crystal may be used both to induce vibration in the seal elenent 168 and
to detect videpidted af dchaabgahciligmmntmultipler asoiviatal sensercieef 1ede seal
menber 168 nay be used, 10 for exanple, to determ ne the hardness of the

eal nenber / rQ | ¢ .
ztrai nin th@tqtﬁﬁﬁIﬂaér&gfrﬂﬁgmﬁlgdgg%ggtsggltl ﬁeﬁb%ﬂgrgﬁé‘mw@@e

et erm ne f”leradi.us of curvature of the stri rhg aand/or

used, for exa )
naed into sealing engagement wit

t he is r tlzii%ilvt %u ardly ex

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 by 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 4180 is
properly positioned relative to the packer 144 may be transmitted to

15 an operator. The position sensor 178 may be a proximity sensor, a
hall effect device, fiber 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



projected useful life of the string. Thus, a wi de variety of useful 1% 7 APR 2004
I nformation regarding itens of equipnent installed in the well nmay be

acqui red bYOH&83¥ol 146 in a convenient manner. The devi ce BGDUA23782
supplied with power by a battery or  other. power source 153. The power
source 153 may be included in the packed0r44, or it nmay be rempte
therefrom It is to be clearly 20 understood that any neans of supplying
power to the device 152 nmay be utilized, wthout departing fromthe

principl es oéehdisr o BEEMHeSIYENSGION ThLIRE IPOWH hEOHAAIVL AP praYiatksiotrgep! v
power to the sensors 154, 156, 158, 160, 178 associated wth the device

rore of the SaNsOrE1 8 ST TR HRoIMcigen 1t SAN S D oo

as a battery, conbined therewith or integral thereto, so that a renote

power sour cedepantinhBBdthePrinsdrescot the present iNgeBtioRMat any of the
ot her sensors 50, 51, 52, 54, 5 118, 120, 132 descri bed above may al so

above, o pover  soll€e esar i8R i P Rdie AV R | SR HOcRERORaR L ppl

power to operate its associated comunication device. A nenory device 182,
such as & r apdhwipesess BEoPyesent caventions sHgnsensar d647 ingletdesed® i n
t he packer 144 and interconnected to the sensors 162, 164, 166. The menory

device 182 igottibin 29d éonsigured £t éndangTRteBratiohhin sBessed Atdmbidr,
166, and then transmt the stored data to the tool 146 via the devices

150, 152, | ndi SBNGCTportiGf T90corifehiéa ™ér StESsurifb & ¥Bbhant
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 crysta! 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 principles 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

natura! or resonant frequency. The frequency measuring portion




15 hardness of, or conpression in, the seal elenent 168 over tineﬁlkﬁﬁ?”ma
these readings may then be retrieved by the tool 146 and stored therein,

or be tranggigiiggsdirectly to a facility at the earth's surpagaisoeb®n?
eval uation. Note that, although the nenory device 182 is shown as being 20

I ncluded in the packer 144, it may actuagiy be renotely positioned
relative to the packer. For exanpl e, the nenory device 182 could be
packaged with the conmuni cati on device 152. In addition, the nenory device

182 may be c ected. to. ot her sen the 0 7 R 2004 WD 011183
57 PCT] Uson By Rtecss i d5oRgnt TeEHuRNEY iwpdiar ot the med) MEMBET 157
may be supplied by the power source 153, or another power source.

Ref erri ng adthg,iamdidatardowicatimy thissresanarttefregiemnay s mentnitateg by
principles of the present invention is schematically and 5

representatipfd Yoblicest ﬁabeeiszl fot fige MBIMOE 46960r aﬁ’cdrb@@ fheFSin @E‘Rﬂbrwz

is interconnected in a tubular string 194. The item of equi pnent

of the type WabSTE Dtk BEine e kiAiatEs Nk PR e it éﬁ%ﬁég'fiiég.lﬁg

t hrough the nipple. 10 A nenory device 198, such as a random access nmenory
devi ce, 5is dunndbrating anst fg@ﬂy@ncygmaaxwrmr eorgians Jddherttedmyoe ne
sensor. The sensor 196 is also connected to a conmuni cati on device 202.
The communi os@paratdeviporti@Ag icf ctiné i genedr f or64 ceimpeni dori @xample,anat her
comruni cati on device 204 included in 15 a service tool 206. The

cormmuni cat | Q98I EQTICRRystaPhdiPBeRRed 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 cClearly

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 aiso supply power to

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




ULAPR 2004
simlar to any of the comuni cation devices descri bed above, other

may be other types of communication devices. Wen the tool {ﬁﬁ)ﬂfzﬁ‘fz‘i' ved
in the ni PPV and appropriately positioned relative th

devi ces 202, 204 20 communicate, therebyzpermtting downl oad of the data
stored in the nenory device 198. This dat% may be stored in another nenory
device of the tool 206 for later retrieval, or it may be conmuni cated
directly to a renote location. 0 7 APR 2004 WO 01/18357 PCTI USOQ 23722 - 34
power to operalternativebhane tyemariecofrhersersers b Jb6, 1584160, iR8 may
comuni cati on device 202 may be supplied by a power source 208, such as a

battery, incliugd i bGyde M suchl h?faﬂéﬁatték dorfbRPedUthesiwith davi ce
202 coul d be suppléllme% V\nthsggﬁgﬁer fromthe com‘r%nl cation device 204, as

ml uded wi t ANERGraEAGCRLD. oo thEy bae)ntt oRBEToRRL T iRt peSetf o,

Note that it is not necessary for the dat a@generat ed by the _sensor 196 to
be stored i n operatenthg seaspte NOt® thathary @ditheeyhse Seﬂéoﬁ alsail 204,
directly fromthe sensor to the tool 206 via the devices 202, 204 in real

time. It wlljq@wWRe 430 Idesepiet adiovd hhay aldee imelue alpOwesr sousce. In
eval uati on of partl cle flow through the nipple 200 over time. The data for

such eval uatign Y&t t @06
Thto the npirache Hie SDRHRECI 00 PSRRI BOVE] d pdlber ser
included in any sensor used 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 tool 146 via the devices 150, 152. In this manner,

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

15 hardness of, or compression in, the seal element 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 surface,

for evaluation.

Note that, although the memory device 182 is shown as being
20 included in the packer 144, it may actualty be remotely positioned
relative to the packer. For example, the memory device 182 could

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

memory device 182 may be connected to other sensors, such as the




bet ween the devices 202, 204. This evaluation may assist in predict |Ur79APR 2004
future particle production, assessing the effectiveness of a sand control
program W®01/18857s to be clearly understood that, althoughr¢iesovetshzd 190
20 has been described herein as being used to evaluate particle flow

axially through the tubul ar nmenber 200,- 3§t nci pl es of the present

I nvention may al so be incorporated in nmethods wherein other types of
particle flows are experienced. For exanple, the sensor 51 of the 0 7 APR

2004 WD Ol/stpdpf 164! UEINER 787 oéér P }ﬂ?ﬁ?r%r\})edé\nl?é”l% Wrﬁé” 'n

whi ch case particle flow through a ewal | housin

eval uat ed. t 0 al so_ut ze fun tions erforrred by the
communi cat i gﬂ%&%@g’g’ éle %ri W%ﬁ% Olgho Qﬁﬁ]ﬁ VeE BRUIEL.conmuni cat i on
devi ce 202 may comruni cate to the conmuni cation deV|ce 204 an |nd|cat|on

that the tool 20@eferARgr aciEbAaRYSHAWNEY: FIE" Wéﬂ{;ﬁhé’r et e

8
di stance of an operative p05| t ion, relative o th em of equrpnen 192

The comruni activate.the communi cati on device 202
froma dor ﬁ'bbg’@a\’?'ia é’egﬁ tF% Eesept 'PN@F&W peskiematically and
communi cati on between the deV| ces. O course, a person skilled in the art,
upon a car erapresemtatinvglyt iidustsatede allitbvetheesmethucbn’lm \an i ibemn  of
enbodi ments of the present invention would readily appreciate that many 15

modi i cati oeguipasent 983 is fscbhndceea, nnd@t@buwﬁsﬁmb %ﬁerﬂ@"’a‘@%%f may
be made to the apparatus and net hods descri bed herein,
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 186 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 download 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.




these changes are contenplated by the principles of the present invemt7 app )04
For exanple, although certain types of sensors have been described above

as being i WOdHEEHTect ed t o conmuni cation devices, 20 any tyg&UVS®&IIH may
be used in any of the above descri bed ﬁg aratus and net hods, and the

commruni cati on devi ces described above 7 g'be used in conjunction w th any
type of sensor. As another exanple, itens of equipnent have been descri bed
above as 0 7 APR 2004 WO 01/18357 PCTI USOQ 23722 -36 being interconnected

i n tubing stringsponer poi npgriate dhetdengoresigs) thevieemony ndgvice 198

I ncorporated in nethods and apparatus wherein itens of equipnent are

I nt erconnect kast | r nes

casing or co ﬂdgﬂv ?ngd) ggfﬁ' ﬁ dé%% %@jf oregg(?%%rufzwé(?q% gegégf%fl on
is to be clearl understood as bel ng |ve |I¥ustrat|on and
exanpl e onl y?ok"g@? MG s@8ped o Fﬁ‘é\’ préﬁﬁéeﬂnv}éﬂ ?ork¥ei #ENFPR t ed
solely by the appended clalns WHAT IS CLAIMED IS: 0 7 APR 2004 37 CLAI Ms:
1. A syst em Atterhativiely,athengodomunicationdericea 202 rcdtvkee rsupplied with
equi pnent instal led in a tubular string in a subterranean well and a tool

conveyed g ﬁ oWisr FrEH Biie ToThRSUNICARICTY BleRee QORI bSid¥kcribdd BHove. As

comruni cat o] devi ce assom ated wth the item of equipnent; and a second

and second 8aoraet e AT e ehlARlrce AR ARE B, M DECHERph e '

into sufficiently " )
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

202, 204 in real time.

It will now be fully appreciated that the method 1980 permits

evaluation of particle 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 particlie 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 exampie, the sensor 51 of the




close proximty to the first device, the second device supplying powgr7 ARR 2004
the “first device, thereby permtting the first device to comrunicate with
the secoRrfpdensse, the power being supplied by pressure puPEEsISeovasvaei ng
from the second device. 2. The system according to Claim1, wherein the
pressure pul ses are acoustic waves. 3.-3systemfor facilitating downhol e
communi cati on between an itemof equipnent installed in a tubular string

in a subterranean well and a tool conveyed into the tubular string, the

of *cqui pront et WL btk B8RRI ECRenE, £E R 5366 pettde BB GT

comuni cati on between the first and second devices being establishable in
response to thi®ughkerdddawalicef bee MpureR0 mavobe gvaleztad. v cl ose
proximty to the first device, the second device supplying power to the

first device, thegeby mt L e first.devi | | t he
second devi ce, tﬁé‘%dﬂgEEBQI fﬂ%ﬁgﬂé&?’é{] @é’“?ﬁcﬂ]@[%lt@]%g@gﬁgh@%%&%% t he
first and second devices. 4. A systemfor faciljitating _downhol e

communi cat i CEOMHTKMEAtON; daviees asyesasied nabaveed FAr acKkappiss ERAei ng
in a subterranean well and a tool conveyed into the tubular string, the
syst em c@pr¢GifauNictioftdedoeatxaidyocontavnicatesto thetaammuhidationt em
of equi pnent; and a second conmuni cation device included in the tool,

communi cat | o(aﬁgﬁ:te\tl\ggﬁl ggggqn%;icggihr@gﬂﬁé?ﬁ%%tﬁtioﬁ?ﬁoﬁéti%ﬁl\?j@ds@ﬁgpﬁgfé”g

est abl i shed roug Into Iciently 0
proximty to the fjrst device, .the second device actjvati the first
vt co. 1 r orob g IRAPTEORtErmingR dBERDce SF ArtOrRratLB P Ga RN relgfive
communi cation between the first and second devices, the conmmunication
bet ween t he td 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 carefui
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 methlods, and the communication devices described

above may be used in conjunction with any type of sensor. AS

another exampie, items of equipment have been described above as




and second device being via pressure pulses. 5. The system accordi ng & HAPR 2004
Claim4, wherein the pressure pulses are acoustic waves. 6. A systemfor
facilitati W HG##Hol e conmuni cation between an item of equiRGRHSIWAIEEZI | ed
in a tubular string in a subterranean wel] and a tool conveyed into the
tubul ar string, the system conpri sing: a¥61st communication device
associated with the item of equipnent; and a second communi cation device
included in the tool, comunication between the first and second devices

bei ng est abl ibgieg iWberta e seaons tdlﬁ\rm%%thﬁgbf BUgBrihbfiotes v ftHe ﬂﬁé%é'n;i st

close proximty to the first device e second device activating t

communi cat | ol VARt RGN LY ) EartafHiEs B 3o ab A RO AR MAEretn

between the first and second devices being via direct electrical contact
bet ween the &g ofROUDIDERY %f@v'f"&@éco'?ne%tﬁéqlgtréﬁﬁtaﬂeq Heothestypgs of
downhol e communi cati on between an item of equipnment installed in a tubular

string in a subupn strémgs welith aas! casinwlor coitedy edbimgo Aeeckdmgigr teie i ng,
the systemconprising: a first comunication device associated with the

t f

cormuni cat 1 ol RRIGIEh GefanapdesRTEEN Botp b MY iulderstBe, pf B nen

t he second deyl ce |s bro%\%tnto suff CI ent | é cl ose proxi m"'ldl to the
first devi ce9yaibbyvayP IAtRR; XM qn'ﬁsﬁhléﬂ'ﬂéa R RE & mant

state to an active state, thereby permttl ng comruni cati on between the
first and seﬂmaqbr&eehtéisvemtierbbe‘inmilin’aiﬂ:i?drsdmellwb‘gmhemipmended @aimsecond
devi ces being via inductive coupling between the first and second devices.

07 APR 2006\1\?I-?AT IS CLAIMED IS:




8. A systemfor facilitating downhol e communi cati on between an iten1q§ PR 2004
equi pnent installed in a tubular string in a subterranean well and a %&
conveyed into the tubular string, the systemconprising: a first

comuni cation device associated with the item of equipnent; and a second
communi cation device included in the to conmmuni cati on between the first
and second devices being established wh t he second device is brought
into sufficieﬂt!é close proximty to the first device, the conmmunication
bet ween t he f# d second devices indicating when the tool is within a
predeterm ned di stance of an operative position of the tool relative to
the item of equipnent. 9. The system according to Caim8, wherein the
first devicel. comﬂuﬁVS:t&ﬂeéortfacﬂitaiirgemmhmie\dmuhb:ationebeltweén ia item of

operatively positioned tlvetotheltemof e . _The stem
accor di ng toe&uéﬁrH?@t 'W@Fe&a 1N 8 SRt NG, i apﬁﬂﬁt]erﬁ"‘é‘f ofid & %
tool has an epg Mto TRl Aihg Uhe SyERim eamgr@nta mu&bmhﬂm.ﬁti%l le
to secure the tool relative to the 1tem of equi pnent,” and wherein the

communi cat i orﬁieymmcuat@dﬂmﬂstheaﬁ@ns@fcmpm@mc@@ BIﬁﬁQ@@de@Ommlea’i'@n

engagerent refgile uRidEIPn! £ AR Aldakn ddmeleRY HE AR GlcdB O

C ai m 10, V\/nereln ol erm dto |sp ace t nber
into engagenwlcestﬁeimglesmhhfshéda MnythefmanMBWMmugm o seffisteitlyt he

first and second devices | ates that, the enment nmenber is aligned
with the proﬁqu@ preximi ‘ﬁ{qidjr%"fcfﬁcltm? tsﬁf;?%%@gmh%{@MBW%atﬂ@

bet ween an "EF%'{‘ Héwcéqlfh@ﬂ& éﬁﬁlﬁﬁf@ gqtle'ﬁ}sta el % SHrhifiBidate 6\mhh the

subt err anean wel a too conve nt o e tubul ar string, e system
conpri si ng: aefsometdewentha pawieo heingesupplied dyoprieaserd pulses eanatieg fodm

equi pnent ; ec gnmmuni cation device included in the tool,
conmmuni cat i onﬁj%g?magw €first and second devices bei ng established when

t he second device is brought into sufficiently

2. The system according to Claim 1, wherein the pressure pulses are

acoustic waves.

3. 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 equipment; and a second communication
device included in the tool, data communication between the first and second
devices being establishable in response to the second device being moved
into sufficiently close proximity to the first device, the second device supplying
power to the first device, thereby permitting the first device to communicate
with the second device, the power being supplied by inductive coupling

between the first and second devices.

4. 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 equipment; and a second communication

device included in the tool, communication between the first and second




07 APR 2004 40 close proximty to the first device, the first devi cel 7 APR 2004
comuni cating a status of the item of equipnent to the second device, the
item of equi pnent being a valve, and the status being a position of the
valve. 13. A systemfor facilitating downhol e conmuni cati on between an item
of equipnent installed in a tubular strilaﬁg In a subterranean well and a
tool conveyed into the tubular string, e systemconprising: a first
comuni cation, device associated with the item of equipnment; and_a second

communi cat i oifleviEes; Reing estakiished yherecthesacondgiavio isdbrogahb ktausufficiendlyr i r st
q q . ) ; : : . "

"to suffci SReProEbEe MR aohes RSecoRd dRefeianalhg e iref HRVER

devi ce commuffiicratasloamant staie tof an lzetive estatef tlkepebp mermittiogt demeemication

device, wherein the .t of .equi t.is acker, and wherein the status
of 5 seal mehsBeRt the dCand SEEp8 civices, T oriuniFatal BehetR INE A he

stat us bei ng gadhsiceRgdfevitle béiAg viEplesBBrDSIIsed4- A systemfor facilitating
downhol e communi cati on between an Item of equi pnment installed in a tubular

string in a subterranean well and a tool conveyed into the tubular string,

tom of oqui Sont . Manay el a5k, 1Ak 26 whG T Ind ERuTECPYSeb bt ool
comuni cat i oacbastewavésie first and second devices being established when

t he second device is brought into sufficiently close proximty to the
first device, wherein the first device comunicates a status of the item

of equipnent gto the k) di VARSI | SRt itd
packer, and V\here?\ns?ﬂg sﬁ)e{?gg' |Foa$ng sea dﬂrn%tr?@gqrm%@e?ﬁén [?%%éer P's'térﬁ of
comuni cat ed eqoipnments estalledd v iac ybuldre sBingt ins absubigranepnewell vandta ésa i n
t he seal nember. . . - o
conveyed into the tubular string, the system 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 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, the communication between the first
and second devices being via direct electrical contact between the first and

second devices.

7. 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 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, the second device activating the first device
from a dormant state to an active state, thereby permitting communication
between the first and second devices, the communication between the first

and second devices being via inductive coupling between the first and

second devices.




15. A systemfor facilitating downhol e communi cati on between an ite@?PhPRZWﬁ
equi pnent installed in a tubular string in a subterranean well and a tool
conveyed into the tubular string, the systemconprising: a first

comuni cation device associated with the item of equipnent; and a second
conmmuni cation 07 APR 2004 41 device incluged in the tool, conmunication
between the first and second devices being established when the second
device is brought into sufficiently close proximty to the first device,
wherein the first device comunicates a status of the item of equipnent to

the second deyice,a W Yorl BgilitdtRE AdwnifslE| FHERLiInication BRIWEER o itéMcof
tubul ar string, and wherein the status is a strain in the portion of the

t ubul ar st ri eguiprsentainsjaliesinii @ takudar istring iy ad Suhtesraneapnweli aad i ool

subt or r anean avves B VTR Uiy 158 svbist KEMbrS e P et isetions: e
conprising: devidesassoiatediith thenitesheaf squipaRogi aickd sedondt Esmiriunigation

equi pnent; and a second comuni cation device included in the tool,

comuni cat i ofieNEeniiidack in jthetogh ccameawniratigebetweane the, fisst: and i sarednhen

]E he second d%ﬁ%siﬁeiﬁéggfﬂﬂlighﬁﬁ Qe ﬂ}mie‘:%eed&hhyde\@éééeb&hgﬁi Rt %uh&iérﬂﬁ
irst device, comunication between the Tirst and second devices at Ieast
partially comiose! proximitydo dhé dinstodetite, theotomilnicHtienslystweenatheofirgt mmdt o

Claim 16, wherei n,an engagenent nbe f .the tool i ermtied to engage
2 profil e of SeRENd CENICER IYGr R ANCRIER lealds MGt & rideBERLIR GEtAnecciar o
in suffici enhyoddrafife BoSHiIbAOF the foof AL fthe iffn of BRuipHedrm according to
Claim 17, wherein the profile is internally formed. 19. The system
according to Claim16, wherein the tool is permtted to displace a closure

member  of th%.' ter:?h%f g&?él%mgéco%ﬁa ttge (Slgpntlmrg,c%\tlljlquin the first device
communicates to the second device that the tool is operatively positioned

relative to the item of equipment.

10. The system according to claim 8, wherein the item of 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.

11.  The system according to Claim 10, wherein the tool is permitted to
displace the engagement member into engagement with the profile only when
the communication between the first and second devices indicates that the

engagement member is aligned with the profile.

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 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 established when the second device is brought into sufficiently




between the first and second devices indicates that a pressure differefyigp
across the closure menber is within a predeterm ned range. 20. The system
according to Claim19, wherein the tool is permtted to displace the

cl osure nenber to an equalizing position configured for reducing the

pressure differential, but the tool is P& rimtted to displace the closure
menber to an open p05|t|on only when the é%nnunlcatlon between the first O

7 APR 2004 42,and second. dev ndi ca t .the ressure di fferentlal
L P e S Fist ddvios, the Testgicca UERe 8 kol

wherein the ehesie ofefimest @ tHY SSUHPABALE! tel AmIBIBALipmUM bRiy Bhe

tool is permitted to displace the pressure equallizing ne r to an

equal i zi ng peaive, anddbestajus beirgoa positianiofithe véleepr essure differential, but
the tool is permtted to renove the pressure equalizing nenber fromthe

i tem of equi pment only when the communi cation between the first and second

devi ces indi qgt es A b?étehhﬁnrﬁé@iﬁfaﬂhg dbvinies1e Honfthuhieativh betWeéMan item of
predet erm ned range. he system according to Claim 16, wherein the item

of equi pment &AIProRRE tnst%{lea in eﬂ tyBulaf stringuin @ syblartancanwellt a ieh tedle

bul f f
blura ity of CopyaKY O HehubuelBing tha sySh BOBFis kg, B3 adaBHS . ¢
t he communi caevive dsgocEted tvhth th‘e iterh @fnelquapmend atel acsstond3comiminigetioam

according to Claim?2 n the tool is r ammabl for selection of
mul tiple one§eyice H\é’ﬁ{ﬂq\ls\f ?/ tgpl, G °F e%’&@ﬂa% S hirgs ant secopd|

therein in reapREsHdify %QfEBHQh&@Wh% thsté@%%ﬂdté&lc%e@%ugﬁwn sfl E&:éhtly
devi ce of each of the Selected structures. 24. A systemTor faci |tat ng
downhol e comelesecpraximitp 4o the rfirsindéviesn wherein the first device communicates a
status of the item of equipment to the second device, 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, the status being a hardness of the

seal member.

14. 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 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, wherein the first device communicates a
status of the item of equipment to the second device, 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, the status being compressive stress in

the seal member.

15. A system for facilitating downhole communication between an item of
equipment installed in a tubular string in a subterranean well and a tooi

conveyed into the tubular string, the system comprising: a first communication

device associated with the item of equipment; and a second communication




equi pnent installed in a tubular string in a subterranean well and a 8 @@PR 2004
conveyed into the tubular string, the systemconprising: a first

comuni cation device associated with the item of equipnent; and a second
conmmuni cation device included in the tool, conmunication between the first
and second devices being establishable ;ﬁ response to the second device
being noved into sufficiently close proXi'mty to the first device, the

first device being. renotely positioned relative to the renai nder of the

i tem of equi SievRe inpluggsRingbe tegloeompmunjeation betweer: the tfist agd deseond e

comruni cati o et%gégeg#] ' | ' din I . i n
in a S:.Ibt elrr;hnean we PS%&'}# tﬁ@%@l‘”@ﬁ%ﬁ& rﬂld@éo‘ﬁ%]g; ?%’gﬁgwgﬁyﬂ%&ﬁt{%eg
syst em conpr ickbseg praxirity 40 thenfirehidevicepwhedsivithe first deviztesbrimiunidates ia em
of equi pnent; ,and econd communi cation, device, included in the tool,
corrmcjni (F:)at i or'f@@?v@e & ﬁ%mf ?E?ﬂu'QHEP'EetEOWS Sefand: devige; Wg‘eé%'f‘atﬂﬁi igmandle i n

response to iQf i | i G4 :
P oxi m ty {0 ot Bla PRICRESTANE tHBUIRE StgoRa A Grefl St 83 ptrain
t he second dévtheepodionpfithe pumdanstring. a magnetic field produced by the
magnet. 26. A systemfor facilitating downhol e conmuni cati on between an
Itemof equipnent installed in a tubular string in a subterranean well and

a tool conveged iAkpstehefdriauilitatingt ddvitholé RONSVEhRELEP HatWEEM Gn Berhi 6fSt
comuni cation device associated wth the item of equipnent; and a second

comuni cat i ofquiRERkinstalieddéy & tuhwar sking i ersublesenean wellvarth a heolf i r st
n g \ . 3 od o \ t
o oottt i SOl S Bk bl A And hRte EompiamG, SHLCMMMEHIEN

i ncl uding a deticeaassoctatedavitircthe terd ofhequipmientyidnd bedesoed ddrerunicitioand

et ¢ geves' Wbiuddd’ e o8 &ohmunidaton ‘bewee e Frat and ‘second”
devices being established when the second device is brought into sufficiently
close proximity to the first device, communication between the first and

second devices at least partially controlling operation of the tool.

17.  The system according to Claim 16, wherein an engagement 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.

18. The system according to Claim 17, wherein the profile is internally

formed.

19. The system according to Claim 16, wherein the tool is permitted to
displace a closure member of the item of equipment when the communication
between the first and second devices indicates that a pressure differential

across the closure member is within a predetermined range.

20. The system according to Claim 19, wherein the tool is permitted to
displace the closure member to an equalizing position configured for reducing

the pressure differential, but the tool is permitted to displace the closure

member to an open position only when the communication between the first




27. A systemfor facilitati ng downhol e comuni cati on between an i t enPdrAPR 2004
equi pnent installed in a tubular string in a subterranean well and a tool
conveyed into the tubular string, the systemconprising: a first

comuni cation device associated with the item of equipnent; and a second
communi cation device included in the tog‘l , communi cation between the first
and second devices being establishable ir% response to novenent of the

second device jinto sufficgiently clos roximty to the first device, the
Tr el ot b o ang- BRaPR deviessindiciearihabyBe: REssbute siereniab i apinyn the
responsi ve t oyagtdfhind @hgehe reed switch. 28. A systemfor facilitating

downhol e co nicati on between an itemof equipnent installed in a tubular
string in a subterranean well and a tool 0 7 APR 2004 44 conveyed into the

hasoci at od wih ¢ nde SEet SEERARL AT 4, boBRI e AP pPERe B o
i ncl uded i N ighgsdLRE! equEIGN MMbE WiRiiaRethe ol s sérmaned Ieceisplaceemeces

bei ng operatively established in response to the second device being noved
downhol e i nt Pressure @ailizingdnebepie an Aaualizipgpesition eanfigeyed for reAECING; st

devi ce incl ugy I dgwy d:.t ' | he
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facilitatingeqaatizing enemibver fronatheoitern esfweegiipraent ordywlfen theucgpmmunicatienal | ed
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, Il and t |
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i ncluded in e conmuni cat i ween the first and second devices
bei ng establi shed when the second device is brought into sufficiently

cl ose proxi mpy t quihg, fLhsLedStingeto B’ 16 3WndHh e A bk LELRsERES' tem
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 devices.

23. The system according to Claim 22, wherein the tool is programmable
for selection of multiple ones of the plurality of structures for operation of the
tool therein in response to communication between the second device and a

device of each of the seiected structures.

24. 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 equipment; and a second communication
device included in the tool, communication between the first and second
devices being establishable in response to the second device being moved

into sufficiently close proximity to the first device, the first device being

remotely positioned relative to the remainder of the item of equipment.




equi pnent to the tool. 30. A systemfor facilitating downhol e connu&?%ﬁ?ﬁgwd
between an itemof equipnent installed in a tubular string in a

subt erranean well and a tool conveyed into the tubular string, the system
conprising: a first communication device associated with the item of

equi pnrent; and a second communi cati on d%_ice I ncluded in the tool,

communi cati on between the first and secon devi ces bei ng established when

the second device js brought,into, sufficientl close proximty to the
first devi ce 28 he A SYRlEnyLR el EgoRRiTRSIe SommiBRetop potagen A derte
first device édu@ﬁﬁénﬂﬂ’féﬁl@d i & ubfarRtrid liY & _%thé?rafr%]a-n AehlYah&m fepl |

facilitating downhol e comruni cati on between an itemo equi pnent 1 nstalled
in a tubul ar conveyey into she tikiudan string,thewslystean domprisinlg: adoat/eyrathunitatianhe
tubul ar string,.the system cqnmprising:.a first,co nication device.
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bei ng established when the second device is brought into sufficiently 07
APR 2004 45 d¢leyicespheing mstgblishablecins rasponge e daovement pf the gegonre device

respondi ng t ' LY t 1 . LSt A nt
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i ncl udi ng a ehagneteandrimbsecorl delice beingresponsivety & magretierfieich ¢rod uzeed

posi tions, and ﬁ first comunication device; and a tool positionable
relative to tWeheiMagneteyice and operable to cause di spl acenent of the

cl osure nenber between the open and closed positions, the tool including a
second comuni cation device, with comrunication being established between
the first an@6secdndysteni bwsfaciitadingt daintdée rpmrounication betwees @naibemt ¢fe
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conveyed into the tubular string, the system comprising: a first communication
device associated with the item of equipment; and a second communication
device included in the tcol, communication between the first and second
devices being established when the second device is brought into sufficiently
close proximity to the first device, 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 radiocactivity.

27. 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 equipment; and a second communication
device included in the tool, communication between the first and second
devices being establishable in response to movement of the second device
into sufficiently close proximity to the first device, the first device including a
reed switch, and the second device being responsive to actuation of the reed

switch.

28. A system for facilitating downhole communication between an item of

equipment installed in a tubular string in a subterranean well and a tool




second devices. 33. A downhol e val ve system conprising: a valve i ncl qupﬁgfﬂm
a closure nenber selectively positionable in open and cl osed positions,

and a first comunication device; and a tool positionable relative to the
first device and operable to cause di splacenment of the closure nenber

bet ween the open and cl osed positions, t4 e tool including a second

communi cation device, with comunication being established between the
first and second d@h‘ﬁe%’ Elﬂﬁ# first device comunjcating data indicative

of a pressur EOFVEY Pithe Yirpgthe gystam comprsing: adlfst compuprcationyal ve

system cOmPidevididassocidled with e efboPequipfitnt, altP BPScatl Eshhtfidation
positionable in open and closed positions, and a first comunication
devi ce; and aeviosl inphedad amdbe etook| eammainicatiohebétwesn theyificset and sexmendabl e

to cause disp acermbnt. of th .cLyos [e. er bet wee {hge 0 er& (%nd Bl osed
posi tions,  t HEVIEE5DaIng oparallyelceleBirieddmraRpoig Bihgesreend devige being
comuni cat i omeRid dodmhafdl intd StffRENMFCEosE Prbkinfify RNheSHSPABVRRY itk Firstt he

first device communicating data indicative of thé position of the closure
nmenber to th&eyicgongluding acalleffecipirviasy andothessecpd devige: caysingrthad@dr di ng

to cl ai m 34, e%%{?"5‘9‘0&?38%.5%33gﬁvéﬁ&f‘éﬁ?'ﬁ‘%&}ﬁem ed to a position sensor.

36. The val ve'system acc al erein the tool transmts the
data to a renote location. 37. A downhol e valve system conprising: a valve
including a ¢l osure nenber selectivel sitionabl e in open and ¢l osed
positions, afd-a ﬁgﬁte%&hﬁﬁﬁh@mgﬁp\@%@éeonaﬁam&at'wbe _PR EoniNed!
relative 10 lg@idnhést i Iéaeirﬁ%dtutgﬂérr 3Ry TP &£ 3UBfRrflinehaGRTeaNd o téhe
cl osure nenber bDetween the open an
conveyed into the tubular string, the system 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 established when the second device is brought into sufficiently
close proximity to the first device, the first device identifying the item of

equipment to the tool.

30. 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 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, the first device responding to a magnet to
activate the first device from a dormant state to an active state.

31. 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 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




cl osed positions, the tool including a second comuni cati on devi ce, W|Ut7hAPR 2004

communi cati on bei ng established between the first and second devices, the
first device communicating data indicative of the position of the closure
menber to the second device, and the first device being connected to a
pressure sensor. 38. A downhol e val ve Sysfgem conprising: a valve including
a closure nenber selectively positionabl I n open and cl osed positions,

and a first onmuni cation deV|§&§€and t 00 ositionable relativye to the

first device PPy fosthedfirs C&yi 1o fig ie wsPeRding tedadioagtivibeto
bet ween the QRgPafWe fﬁét‘@é’vﬁké’ﬁéh%é%ﬁnaﬁ atPR) arl agﬂb\{ggﬁ&a second

comruni cati on devi ce, comruni cat 1 on bel ng est ed between the
first and second devi ces the tool being permtted to displace the closure

menber to th pen, pesi ti 0 nadfferential re acr,0ss the
Closure membel | s MENCE Ve syalRer BaPunfie’ Sy Ave HIAIBR o2 psle
system conpirhémber s%leti!i'vt‘l% bositivaatle i 6pen Wk cl&@ﬁeboﬁﬁb%taﬁ@@/ first
posi tionable in open and closed positions, and a fi comruni cati on

devi ce; and #&omypunisation denigs anda taal \P@Stt@n@h'@ rfeilaty@ lecthedissbdevice @adabl e
to cause di Sﬁg%fgégﬁ% capsé ﬁ?s Fa e dg‘?ﬂé’ﬁrosBF‘é Q@%ér}%ﬁ%&ﬂ tﬁé‘ﬂﬁeﬁ'a%ﬁed
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menber to the open p05|t|on nl'y when the pressure differential I1s within
a predeterm ra@depmbgia dat®. lsAr@rmmnlteﬂefrml at lagsiteme senspr iva dbe first/ ande

including a ¢l.@84l Qevices.

33. 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
closed positions, the tool including a second communication device, with
communication being established between the first and second devices, the
first device communicating data indicative of a pressure differential across the

closure member.

34. 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
closed positions, the tool including a second communication device, with
communication being established between the first and second devices, the

first device communicating data indicative of the position of the closure

member to the second device.




menber sel ectively positionable in open and cl osed positions, and a i 9 JtAPR 2004
communi cation device; and a tool positionable relative to the first device

and operable to cause displacenment of the closure nenber between the open

and closed positions, the tool including a second conmuni cation device,

wi th conmmuni cation being established betyyeen the first and second devi ces,
the tool including a first pressure sensor sensing pressure on a first

side of the

osure nenmber, ~and the val ve jncluding a.secon ressure
Sensor sensi g prites ARG SEE abiHO: el hewbetkil Bentshevca S A
downhol e val W@npkefedTo £53MHiIbF sBAsor2 val ve including a closure nember
sel ectively positionable in open and cl osed positions, and a first

comuni cation device; and a tool positionable relative to the first device

and chosed (s v iR vaive 39REEF SEKrefa tefiamh 32, ke LB B0 Mt frecP "
wth commpim toa regiote loeatiohl | shed between the first and second devi ces,

the wvalve including a first pressure sensor sensing pressure on a first
side of the closure nenber, and a second pressure sensor sensing pressure

on a second s de f Q) s&?@?ﬁr e nd cval SYS
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first device communicating data indicative of the position of the closure
member to the second device, and the first device being connected to a

pressure sensor.

38. 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
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 to the open position only
when a differential pressure across the closure member is within a

predetermined range.

39. 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
closed positions, the tool including a second communication device, with

communication being established between the first and second devices, the




device. 43. A downhol e valve system conprising: a valve including ap?7 APR 2004
closure nenber selectively positionable in open and cl osed positions, and

a first comunication device; and a tool positionable relative to the

first device and operable to cause di splacenment of the closure nenber

bet ween the open and cl osed positions, Hﬁe tool including a second

communi cation device, with comunication being established between the

first and second devi ces, t(l;e val ve Rei ng one of a Pl urality of structures
i nt er connect 489 hPIDG PEFEIIAC o GEPIaRE, the SiRPPR Evemberiayen cgualFiBg AasRom
the plurali tlbo‘?uhgﬁu‘efd%} Yedscinga &B@élﬁb'dﬁﬁerf%tiarfitﬁoé@ﬂ{e &1B8HRYEfbER, blzllt4

response to the onmmuni cat 1 on between the first and second devi ces. )
The val ve sydhetoaldeingipegmittedctoatlisple8e thia alesure eoembef ta e speogositien  has

b ogr amed « Sk pRehBe SRS UR ST ert AR bitto 4 PleddEEPRLE % ate to an
active state. 45. The valve system according to claim43, wherein each of

the structures has a conmuni cation device associ ated therew th, and
wherei n the f0:st A dlawnhole svalva isystess, ceowrigingoravalvesingleding anclasireve
state only i COADMAL I an ORf: L C .
downhol o val (REBE SRecfen” BETHENARE, B 0péf Brid |G REE0BEs o cong & s

sel ectivel y posirhunicatibe devicepandantbat lpositidnpblai felative, toathe fasf degite and
conmruni cati on device; and t ool positionaple rel ati Vﬁqf-tg&etsﬂﬁ first device

and oper abl @PERRISIQ LaHPE Hf nt@f the, glospe MembRy b QReRRNdopen

and closed pasidd EBéitith.e thed Thol IHelhg % B2B8REEbRMTIMUHELIBA HORCEE WIthe.
wi th comuni cation belng established between the first and second devi ces,

power for theoopeunication deingestablishedibetweerhthenfirat and seepns deweesoible. 0 7
APR 2004 tool including a first pressure sensor sensing pressure on a first side of the
closure member, and the valve inciuding a second pressure sensor sensing

pressure on the second side of the closure member.

41. 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
closed positions, the tool including a second communication device, with
communication being established between the first and second devices, the
valve inciuding 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.

42, 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
closed positions, the tool including a second communication device, with

communication being established between the first and second devices, the

tool including an engagement member which is permitted to engage the valve




49 47. A downhol e val ve system conprising: a valve including a cl oslr/eAPR 2004
menber sel ectively positionable in open and cl osed positions, and a first
comuni cation device; and a tool positionable relative to the first device
and operable to cause displacenment of the closure nenber between the open
and cl osed positions, the tool includinggﬁ second conmuni cation device,

with comuni cation being establishable between the first and second

devices in response to the second device being, nmoved intao sufficientl
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sensor incl ugdjdighed power source, power to operate the first device being
supplied by the sensor power source. 48. A downhol e val ve system

conprising: a valve including a closure nenber selectively positionable in

open and cl os positions., and a first ¢ icatiaon device: apd ol
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di spl acenment raémbee s@lélﬂNé? pesiashalslet ineepeh hehd pRizedngositibrs.ednd g ifirstons,
the tool including a second comuni cation_device comruni cati on bei ng
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44. The valve system according to claim 43, 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.

45. The valve system according to claim 43, 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.

46. 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 too! 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,

power for the operation of the first device being supplied by the tool.




50. A downhol e val ve system conprising: a valve including a closur®? APR 2004
menber sel ectively positionable in open and cl osed positions, and a first
comuni cation device; and a tool positionable relative to the first device
and 0 7 APR 2004 50 operable to cause displacenent of the closure nenber
bet ween the open and closed positions, t tool including a second

communi cation device, with comunication being established between the

S S, RS s St e R o

the closure nREk®eriselddtivelie pBBilBnABE! in BPen Y cost@NpBSitibhs ChRANAEREEd to
the first device and sensing a property of a fluid flow ng through the

openi ng. 51. chmmunicatios weviae: anda@ thal gposdiocablentedatjventoethei first deviceransk i s

he sensor ' SPeTaRE T cepes oisbacng® GiR SRsREE Rlrthid feefofe tPrg 8 = "
Clai m 50, whejcded paeitidnss de itdolihciudifgcd aeeend eesmmunichtiohhdeviaky avithy st em
according to Caimb50, wherein the sensor is a particle sensgr, 55. A
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Dot | onabl e SPUeA RANATo GRETRIS e sk Aedos e Bh SpRRIEE pp e Sehset power
di spl acenent @f;rcd he cl osure nmenber between the engaged and rel eased
positions, the tool

48. 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
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, the power source being remotely positioned relative to the valve.

49. 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
closed positions, the tool including a second communication device, with
communication being establishable between the first and second devices in
response to the second device being moved into sufficiently close proximity to

the first device, the first device being remotely positioned relative to the valve.

50. 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




I ncluding a second communi cati on device, and comruni cati on bei ng 0.7 APR 2001
est abl i shed between the first and second devices. 56. The plug system
according to Claimb55, wherein the first device comunicates data

i ndicative of pressure applied to the closure nenber. 07 APR 2004 51 57.

The plug system according to C ai m 56, ein the first device is

connected to a pressure sensor of the closure nenber. 58. The plug system
according to C ai 6, Wwherein the fir device ¢ ni.cat es, dat a

i cat i ve. ofoPETHIEIS SALS HRRGHbE IO dbr SESUR MO R eHE JBE PPea gt e

pl ug system afsseiddbbditibAs Ctifé oSO incifh@i 4 séabadi Soramumititiont @evicé! wiht he
first to the second device, and wherein the tool transmts the data to a

renot e | ocat icommapicatipre being) established bebvermthe frstiandsemnd\deviess thee
ool ! e ho ¢ e
hocept abl o aypie tuhther ARG By GRad A BRI £31den st o SERET T2 ]

second devi cdpwifd thrébgh the gpeninganhere they closgret mefibairis bbthevdmsrepositioe, t ool
is permtted to displace the closure neg%l?r to the rel eased posi i({))?aonly

when a di f f e @8 2 ENSEF SYSIRABNGEISGSY thecist SeNice ARMBERSING PP
predet er m neqy s PAGKin qgrouy?ﬁh@d%bbrﬁi’ st em according to Caimb55, wherein the
| g a qu I ng %

rel eased position n ali osition configured for reducing a
pressure differential across the closure nenber. 63. The plug system

according to ai m 55 erei,n th 0l _i.nc S first. re ensor
sensi ng pressﬁ(jlre or?r{‘eav?%ﬁy%qe% agF(I)liCﬁp (t,?oéréﬂﬁ ﬁ@nﬁ’gle?élﬁn@‘e ?ﬁﬁ&gﬁ iss re
nmenber i ncl uggsisfivifesstiydr Pr essure sensor sensing pressure on a second side
of the cl osure nmenber.

52. The valve system according to Claim 50, wherein the sensor is a

capacitance sensor,

53. The valve system according to Claim 50, wherein the sensor is an

inductance sensor.

54. The valve system according to Claim 50, wherein the sensor is a

particle sensor.

55. A downhole plug system, comprising: a plug assembly, a first
communication device; a closure member selectively positionable in engaged
and 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 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 first and second devices.

56. The plug system according to Claim 55, wherein the first device

communicates data indicative of pressure applied to the closure member.




64. The plug systemaccording to Claimb55, further conprising a f'rSt[]7APR2m£
pressure sensor sensing pressure on a first side of the closure nenber

a 0 7 APR 2004 52 second pressure sensor sensing pressure on a second S|de

of the closure nenber. 65. The plug system according to Cl aim55, wherein
the tool includes an engagenent nenber %gich Is permtted to engage the

cl osure nenber only when the second devitte is in sufficiently close
proximty to the first device. 66. The plug system according to Cl ai m 55,
wherein the plug assenbly is one of a plurality of structures

ol ccted 1romthe TGP EyStent dobBing 38 GHIR' G cphpifl oif FRETEUIGE I

therewi th Indbaapometota)ptdseu@mrmm@olobete/mmbére first and second
devices. 67. The plug system according to C aim 66, wherein each of the
structures has a comuni cation device associated therewith, and wherein

the tool is ogrﬁ{QTtrbqtl % y r t
state to an active s atde%y%gérh ﬁé PE‘% g?’t'elgnqja?:%orq‘gﬂ}éréﬁ f(t)ﬁ%rﬂélgtm%%n
wher ei n each communicatesudate exdicdtive af aoprassumdiftarentiali acroas dbei closare
therewith, and erein the first device is activated froma dormant state
to an actlverg? € only in response to conmunication fromthe second
device. 69. The plug system according to Caim55, wherein power for
operation of the first device is supplied by the tool. 70. The plug s stem
accordi ng t o 59 ai nhlesplugisystann agoorsking ter Claerafl, ivdrerein datads £omsounieat

aceor i ng 1 oK 8B e Berdf cBlER Lo RaHEER thé tool it i bR

a remote location.

60. The plug system according to Claim 55, 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.

61. The plug system according to Claim 55, 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.

62. The plug system according to Claim 55, wherein the released position
is an equalizing position configured for reducing a pressure differential across

the closure member.

63. The plug system according to Claim 55, wherein the tool 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 side of the closure member.

64. The plug system according to Claim 55, further comprising a first
pressure sensor sensing pressure on a first side of the closure member, and a



connected to a sensor including a power source. 0 7 APR 2004 53 72. TteAPR 2004
pl ug system according to Caim71, wherein power for operation of the
first device is supplied by the sensor power source. 73. A downhol e packer
system conprising: a packer including a first comrunication device and an
outwardly extendabl e seal nenber; and a tool positionable relative to the
first device and including a second co i cation device, comrunication
bei ng established between the first and second devices, the first device
communi cat i n$eEaDd RIEEPWEL PERSASEDNSHIL BERRSATE A R Sesend $idg Ofthe ¢lpaursa)
menber. 74. Thempagker systemaccording to claim73, wherein the first
device comunicates data indicative of pressure applied to the sea

menber. 75. The packer system according to Claim 74, wherein the first

devi ce i dt . f t k 76. .Th k
Syst em accor dithg TPl ARecaTAS I8, Clair O JHAGTRIT e ol 'BIHBRE 5 ¢
to the secon@r@gaykhfent MembBEEWRidh ishserhfiibd 16 ergagE e s ui@imerBer ohfDt €

| ocation. 77. The packer system according to Caim73, wherein the first

device is ravhenethesgoondriayigecisdn isvfficientlyiriosecproxiaidy tothe: first gedeer . 78.
The packer system according to Caim 73, wherein the packer is one of a
plurality of structures interconnected in the tubular string, and wherein

the packer igs.selTied pligfsyster zcprdingltd tOlaiph 55 whetreinahefmug egsemblois of
the tool therewith in response to the conmunication between the first and
second devi @€ of R piuealips ok estrugjdiesnindercanaedtgd: th dreuithbylar stiegeiandeach

of the struciiues Bas Mg YEURILHAH QRISRM S SHAChRIARY Lhesfilfes 710

wherein the
operation of the tool therewith in response to the communication between the

first and second devices.

67. The plug system according to Claim 66, 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.

68. The plug system according to Claim 66, 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.

69. The plug system according to Claim 55, wherein power for operation of

the first device is supplied by the tool.

70. The plug system according to Claim 55, wherein power for operation of

the first device is supplied by a power source of the closure member.

71.  The plug system according to Claim 55, wherein the first device is

connected to a sensor including a power source.




07 APR 2004 54 tool is progranmmed to activate only the first device friofRRa2004
dormant state to an active state. 80. The packer system according to Claim
78, wherein each of the structures has a conmunication devi ce associ ated
therewith, and wherein the first device is activated froma dornmant state
to an active state only in response to csgrmuni cation fromthe second
device. 81. The packer system according t¢ Caim 73, wherein power for
operation of_ the first device is supplied by a power source of the packer.

82. The packel-systheplygcystam @ceerdmgiaClam {havkergin pawves fosopgeatianeof s
d el udi h k
connected toy gﬁ%ﬂf%gﬁgpﬁ%g%@%@énéﬁga erS%%'rT]Cér e packer system

according to r-to op the first device is
supplied by the sensor power source. 84. The packer system according to

Claim73, wherein th cker include a position sensaor. 85, The cker

ot o o conet " A el packEe: ST R A S Bas IMCIHTR DTy
tem aco PAKRE:

pOSi Ui 0n of orAlin@aRH HevickoAy b ®ubaidie cREAKBLIe &5l rIUALBRCIE 2Rk o

according to , Wherein e first Vi ce contmuni cat es A
i ndi cati ve ofpasitionable telatiie to thedirstdevich bpd ingludinga secartecopeinicatiop7. A

downhol e packgr.system conprising: a ker ,including, a £itst

cCormuni cat 1 ofteYISH ceoTITSHoD: pae PsCasRad bPEvER the st 20 erorlo
posi tionabl e deglcekl Vihet dirdthelevides tcotfmuARafing damel Usdibatie SEfC @ Ppressure
comuni cation device, conmunication being established between the first

and second diifiereptial agresptheksealimembealng a first pressure sensor sensing
pressure on a 0 7 APR 2004

74. The packer system according to claim 73, wherein the first device

communicates data indicative of pressure applied to the seal member.

75. The packer system according to Claim 74, wherein the first device is

connected to a pressure sensor of the packer.

76. The packer system according to Claim 74, wherein data is
communicated from the first to the second device, and wherein the tool

transmits the data to a remote location.

77. The packer system according to Claim 73, wherein the first device is

remote positioned relative to the remainder of the packer.

78. The packer system according to Claim 73, wherein the 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.

79. The packer system according to Claim 78, wherein each of the

structures has a communication device associated therewith, and wherein the




55 first side of the seal nenber, and a second pressure sensor sensind) 7 APR 2004
pressure on a second side of the seal nenber. 88. A downhol e packer

system conprising: a packer including a first comrunication device and an
outwardly extendabl e seal nenber; and a tool positionable relative to the
first device and including a second co i cation device, communication
bei ng established between the first and s€cond devices, power for
operation of the first device bein sup i ed by the tool . 89. A downhol e
packer syst edPold8RsPErSMHYed do SSHYAR Q "l?dﬁ'fﬁbdﬁ‘”f?ﬁ feom adnrmant statede alevi ce
and an out warfhiye g¥dtgndabl e seal nenber; and a tool positionable relative
to the first device and including a second conmuni cati on device,

comuni cati on being established between the f|rst and second devices, the

first device bhei ng,connected t a seal ens 90. The cker,system
accor di ng to% i %ﬁ@? eﬁyﬁ rﬁeag@o{p'% '@ezéor‘”h%reg't ithﬂ%
sensor. 91. Eﬂ%cﬁﬂégﬁ%s%’éérﬁmmfoﬂ' d&né@agcﬁlé'feggihel\éﬂﬁt’hehﬂdt\ﬂﬂferéﬁ“ﬁihe

menber sensor is a conpression sensor. 92. The packer system according to
d ai m 89, whéirdi devine iseattivalethdromsandoimant statedosanvaetives stateronlyain The

packer system acco eal menber sensor is a
strain sensofeswse%ﬁ %@Hgﬁb%ﬁ%ﬂ'm%%%ﬂ#&%d © ai m 89, wherein the
seal nenber sensor is a hardness sensor. 95. The packer system accordi ng

to Caim89, wherein the seal nenber sensor is a resonant frequency.
sensor. 0 7 AAR 2dJdw parcker system according to Claim 73, wherein power for operation

of the first device is supplied by a power source of the packer.

82. The packer system according to Claim 73, wherein the first device is
connected to a sensor including a power source.

83. The packer system according to Claim 82, wherein power to operate

the first device is supplied by the sensor power source.

84. The packer system according to Claim 73, wherein the packer includes

a position sensor.

85. The packer system according to Claim 84, wherein the position sensor
indicates a position of a seal assembly relative to the packer.

86. The packer system according to Claim 73, wherein the first device
communicates data indicative of a position of a seal assembly relative to the

packer.

87. A downhole packer system, comprising: a packer including a first
communication device and an outwardly extendable seal member; and a tool
positionable relative to the first device and including a second communication

device, communication being established between the first and second

devices, the packer including a first pressure sensor sensing pressure on a




96. The packer system according to Caim95, wherein the seal menbel7 APR 2004
sensor induces vibration in the seal nenber. 97. A downhol e tubular string
nonitoring system conprising: a tubular string including a first sensor
and a first conmuni cation device communicating data acquired by the first
sensor; and a tool positionable relative SIC’SO the first conmmunication device
and including a second communi cati on devi‘¢e communicating with the first

comuni cati on device, the first conmunication device being one of a
plurality of Teshiidekthe sealdaembes and 2 BEeAHLRISSSUIGSeNROT SensNgRressilieng,

and the first, g‘gy&i,&;?fdieo&tqg\gbgpmg gy selected fromthe plurality of

comuni cati on devices for operation of the tool therewith in response to
t he communi cati on between the first and second conmuni cati on devices. 98.

The nonitori system according to Claim97, wherein the co ni cated data
ot i cat veor i RN PAKED D6 e RIS n8opackes. ARG (654 ng
system accor GopgmbificStion Belice AINLERIJUNVARIY bXEhddBl §f-TeaI rREMBER &7 8%06Rt @
indicative of a pressure differential across the tubular string. 100. The

moni t ori ng s\oséenableoralitivg todhel finsthevice and ingludinga sewind commimicationhe

data to a renpte location. 101. The nonitoring, systemaccprding to C aim
07 “wher oi n (RYGE: [ SMELTGaION; oG GertIRhEa T bEWReT 1BF affeD P 1St

sensor. 102. JERReSDPbEF fotDpRYatictibRRETIrst dulidPbéingistipPlied Bhah&itsolt he t ool
i ncludes a second sensor sensing pressure on the rnterior of the tubular

string, and wherein the first sensor senses pressure on the exterior of

t he tubul ar in 5 . |.tOr] y : ediyng to

L, Lbul e g1 h oy 08 st BN 7 ke S
communication device and an outwardly extendable seal member; and a tool
positionable relative to the first device and including a second communication
device, communication being established between the first and second

devices, the first device being connected to a seal member sensor.

90. The packer system according to Claim 89, wherein the seal member

sensor is a temperature sensor.

91. The packer system according to Claim 89, wherein the seal member

SENsOor is a compression sensor.

92. The packer system according to Claim 89, wherein the seal member

sensor is a resistivity sensor.

93. The packer system according to Claim 89, wherein the seal member

sensor is a strain sensor.

94, The packer system according to Claim 89, wherein the seal member

sensor is a hardness sensor.

95. The packer system according to Claim 89, wherein the seal member

sensor is a resonant frequency sensor.,




Is activated froma dormant state to an active state only in respogz,epf,o)rqlI
comuni cation fromthe second device. 104. The nonitoring systema OA(R %
to Claim97, wherein power for operation of the first device is supplied
by the tool. 105. The nonitoring systemaccording to C aim97, wherein
power for operation of the first devi ceé,l,'gs supplied by a power source

I nterconnected in the tubular string. 1 The nonitoring system accordi ng
to Claim97, wherein the first device is connected to a sensor including a
power source. 107. The nonitoring systemaccording to Caim 106, wherein

power to op te ' L CenA-Si | ¢ t ce.
108. The rmnig{egri %Hbgeé?lgértﬁscconﬁdf?@a%BaF%%B%s’vﬂg?%ﬁ$ﬁgggme{nﬁ§%ﬂsor
is a tenper asenser bduses vibiaton inhtberseal memivegr. syst em according to O aim 97,
wherein the first sensor is a pressure sensor. 110 The nonitoring system

according to Claim97, wherein the first sensor 1is associated with an item

of equi pment gzt erg RS tuamhh%mar)% ity agsterra%ﬁﬁbﬁéiﬁ'%ﬂatﬁﬁamm i's

permtted to displace a closure ne of the |t¢m_of' equi pnént to an open
posi ti on onl stringinchdintgadirsti sengonand @ first eormaunidationtdevicencomauinicalingt he
first sensor yvia the. first, an econd devi ces., 111. The npni.t ori tem
accor di ng. ¢ o A AareY TirkBoliaT SRESOT, AR Lok AruronAtin raRNLS Ja dde TS

i ndi cat es an cafffinhieltieén PHegise’ andi fih@uEinb al sasonds coMubicatih e deRiteer . 0
7 APR 2004 58 112. A downhol e tubular string nonitoring system conprising:

a tubul ar stEPHUNigatingiwith ther firss cosmyaication devicey dhe desinermbwtnicatiogevi ce

comuni cati "Yevice being one of a plurality of communication devices interconnected in the
tubular string, and the first communication device being selected from the
plurality of communication devices for operation of the tool therewith in
response to the communication between the first and second communication

devices.

98. The monitoring system according to Claim 97, wherein the

communicated data is indicative of pressure applied to the first sensor.

99. The monitoring system according to Claim 97, wherein the first device
communicates data indicative of a pressure differential across the tubular
string.

100. The monitoring system according to Claim 97, wherein the tool

transmits the data to a remote location.

101. The monitoring system according to Claim 97, wherein the first device

is remotely positiocned relative to the first sensor.

102. The monitoring system according to Claim 97, 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.




data acquired by the first sensor; and a tool positionable relative th7 AR 2004
first comrunication device and including a second conmuni cati on devi ce
comuni cating with the first comuni cation device, the first sensor being a
strain sensor. 113. A downhol e tubular string nonitoring system

conprising: a tubular string including 3 first sensor and a first

communi cati on device conmuni cating data gbquired by the first sensor; and

a tool positignable relative to the first conmunication device and

i ncl udi ng a s&8ond hoMeMtPHRg isysted: acerding i iaIRa9 1 nyhakeim the, first ideyice
communi cat | ofi AeYaRd 1f fd IHBhmARNSRltePR] BA aBREP Stk Shit hNrddbohbEMod"
equi pnent interconnected In the tubular string, an the tool I ng

perm tted to cdimaplaicatian frloostheesenmmidedevide.t he i tem of equi pnent to an open
position only when predeterm ned acceptable data is transmtted fromthe
first sensor via the first and second communi cati on devices, the tool

bei ng perm ttygd t orHd %lﬂfiﬁinphSYﬁbﬁﬁ‘Hc%oféﬁﬁ@QB Chifh 97€ ANRG et TBHWRSS Fdr ON
when the predeterm ned accepfable data is not transmtted fromthe first
sensor. 114. opemharhol thedvstndeviesisi supplied ydhe ¢aolpri si ng the steps of:
installing an itemof equipnent in a tubular string in a subterranean
well, the itemof equipnent including a first comruni cati on devi ce;

conveying a 108l iTHeo rﬁé‘rﬁtorhgbu%@ténﬁ?;arcbﬁﬂiing e Coin I97C| wikénegh oo fet
comuni cati on device; and_ establishing comunication between the first and
second devi c@peratipn at the first deyicgpisi RPHgd AyndPOMEAISONFC BtBrgopBREENBd i n
response to kb, Ol he second device in sufficiently close proximty
to the first WG%HHCLQQH%}%_. A down hol e comuni cation net hod, conprising the
steps of: installing an itemof equipnent in a tubular string in a

subt err anean Il _the item of equipment includi a first co i cation
devi ce; convé@%nghrz;'et e glitaleinle syﬂ@ﬂbagcqialﬁ%@bé%‘mn&' wherein the first device

is connected to a sensor including a power source.

107. The monitoring system according to Claim 106, wherein power to

operate the first device is supplied by the sensor power source.

108. The monitoring system according to Claim 97, wherein the first sensor is

a temperature sensor.

109. The monitoring system according to Claim 97, wherein the first sensor

IS a pressure sensor.

110 The monitoring system according to Claim 97, wherein the first sensor
is associated with an item of equipment interconnected in the tubular string,
and wherein the tool is permitted to displace a closure member of the item of
equipment to an open position only when predetermined acceptable data is

transmitted from the first sensor via the first and second devices.

111. The monitoring system according to Claim 110, wherein the

predetermined acceptable data indicates an acceptable pressure differential

across the closure member.




59 tubular string, the tool including a second conmuni cation devi cg? AR J004
est abl i shi ng communi cation between the first and second devices, the

suppl yi ng power step being performed by transmitting waves fromthe second
device to the first device, the transmtting step being perforned by the
second device generating pressure waves 8116. The net hod according to

Cl aim 115, wherein the generating step i s5 performed by exciting at | east
one piezoelectric crystal included in the second device. 117. A downhol e
comuni cation nethod, conprising the steps of: installing an item of

equi pnent in t ubl t n f

equi pnent | nc‘llail]‘zdl % ogﬁ\]grlﬁ{rd;% qg%%%ﬂﬁsitﬁ |r§%ﬁ|§5}\%@cgv§%@nv%€ﬁ%hélﬁgi %o}uqurletro he
t ubul ar stri rsfring imeluding aifinstl sesisng and adrshcoroommissdtioatdevicedeanoainicating

est abl i shi ng ata cp ni catiop between th first.and,second deyjces ,and
supplyi ng.  pAlaE SEoUTRA B 18 MSLoPERSt AR 7 feolaRiRa FeBive i a8 3E# ng
pover step RemiHuRRALGH MBEvVIRY 'a’f\GUQFId:IMGln?OLbO'éé&bn@etmuhlﬁtlﬁhr%v%ﬁd
second devices. 118. A downhol e conmuni cat’i on nmet hod, conprising the steps
of : installi m:gmraunucabm ofitrethel first communicatio idgyicst rthmérstrsewss:umemg a@nean
well, the i te[églj ?ﬁsg}iu prent including a first conmmunication device;
conveyi ng a 8in # the tubular string, the tool including a second

comuni cati on device; establishing conmmunication between the first and
second devi ces and ut|I|2|n the comunication between the first and

second devi cdd3 oA Offe TupAT (SHNG rRRMItAringnSYSHEm, LQPRiEDg: & bylar
di st f
cqui prent . 155G ’ﬁ‘ﬁf‘ P et o ot Athmyicatoh e SdtfimurfBifi

installing aiata aequioéd dyuthpnfinst sensca, lantiué dvolgasiticnable aelative ¢o ithe dinst
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communicating with the first communication device, the first sensor being
associated with an item of equipment interconnected in the tubular string, and
the tool being permitted to displace a closure member of the item of
equipment to an open position only when predetermined acceptable data is
transmitted from the first sensor via the first and second communication
devices, the tool being permitted to displace the closure member to an
equalizing position when the predetermined acceptable data is not transmitted
from the first sensor.

114. 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.

115. A down hole 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




tubul ar string, the tool including a second conmmunication device; 07 APR 2004
establi shing communication between the first and second devices; and the
first device 0 7 APR 2006 60 comunicating to the second device an

i ndication that the tool is operatively positioned relative to the item of
equi prent. 120. A downhol e conmuni cati on et hod, conprising the steps of:
installing an itemof equipnent in atu ar string in a subterranean

well, the itemof equipnent including a first comunication device;

conveyi ng a ttubular nstgngndhet taal) wicluding gy segand: semmygication gdavisec @ng
communi cati o 6 eﬁﬁﬁh b AnEEKiRat § VEED i St d
second devi c;éss?agir?gﬁ-{%i I Zi HS&?H@Q l(3t?)n’rrun| c}g ig%?bgr?&ween trw;q*él‘)rléset% aﬁ%
second devi cesipplyinghdowet stephiaeing perfenmed dayetrdnsmeittrey wates frent thel second

aligned with rofile of the itemof eguipneni.. 121. The nethod accoyding
fo el m 120 devfie tadhe fat edse,dfe answihg BIe e nberiimedx B seepnd

di spl ace t he QeRROgEREatinG PRYsurdvavesgagenent with the profile in
response to the indi catiigg; that the engagenent nmenber is aligned with the

profile. 122. A downhol e comruni cati on net hod, conprising the steps of:
instal ling | t of uipnent..in.a tubul string in a subterr a

wel |- the i t dor Theg meifiet ERtaingI S Fia. stttk Qe SRS
conveying a tpepformetitby &eciting Btileakt 6hé ipittroeldttrid o/stdl edluded ih thessssond
conmuni cati on device; establishing comunication between the first and
second devi c&€vicgad comunicating data indicative of a status of the item
of equipnent fromthe first device to the second device, in the

comuni cating step, the item of equi pnment being a valve, and the status
bei ng a pressudi7e A tibembolel edmaunicatioa method; eomprisiang the stepe ofiahstalling

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; establishing
data 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.

118. 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; establishing
communication between the first and second devices and utilizing the
communication between the first and second devices to determine when the
tool is within a predetermined distance of an operative position of the tool

relative to the item of equipment.

119. 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; establishing

communication between the first and second devices; and the first device




123. A downhol e communi cati on method, conprising the steps of: instalﬂh%QPRzma
a tubular string in a subterranean well, a portion of the tubular string
including a first comunication device; conveying a tool into the tubul ar
string, the tool including a second comruni cation device; establishing
conmmuni cation between the first and sec conmuni cati on devi ces; and

comuni cating 0 7 b PR 7004 61 data indicative of the status of the tubul ar

t t f t t t d
Communi cat | offHIDLBIG=ING t 56 seARARLER, ¢ nAURon, et e RRl " OPREPHNE rai

in the tubul gosidneadeRAiveitdthe kerh of BHuipmERPd accordi ng to d aim 123,
wherein in the communicating step, the status is a pressure applied to the

tubul ar string portion. 125. The nmethod according to Caim 123, wherein in

e o S0 B oA Al i ecHbhe o s

the steps of :an mérhabi egglprrﬂarﬂdﬁl@[ubm'arasﬁ'lhguhad sabrerm\elaln ﬂenumeeitémwfan
wel |, the packer inclu first comunication device; Con{qﬁl ng a t ool

into the tub@aipraent W@'U M 3 trst compauRigatin §e§'§§oﬁ€nmrﬁ hevi ce:
est abl i shi t

commnt cat | ngTERh Sl Mook HlifiRo o EeddndtdoriiinRERBAMRY. BSRbiRfifhg
device to theomunntaﬂambetweentme fretmand catcond deva'pes handt atiimngeiheg a
re re differential acro t he packer. 127. A downh t

et o, - conprCPBITHNERIOS Sabesn: tanJist) #7chpecand oS res o AnAUaLF dnab & ng
in a Subte”@hgéaew@dt  mERtbeP 36 tHe itH6I ssd'angnéd fwmta pﬁ@ﬂguﬁf €96 iifdiin dewVi ce;

conveying at Into the tubular string, e tool 1ncluding a second
conmmuni cat i orequéprnert. est abl i shing comnmuni cati on between the first and
second devi ces; and communi cating data indicative of a status of the
packer fromthe first device to the second device in the

121. The method according to Claim 120, 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.

122. 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; establishing
communication between the first and second devices; and communicating
data indicative of a status of the item of equipment from the first device to the
second device, in the communicating step, the item of equipment being a
valve, and the status being a pressure differential across a closure member of

the valve.

123. A downhole communication method, comprising the steps of: installing
a tubular string in a subterranean well, a portion of the tubular string including
a first communication device; conveying a tool into the tubular string, the tool
including a second communication device; establishing communication

between the first and second communication devices; and communicating




comuni cating step the status being a hardness of a seal menber of tHg7 APR 2004
packer. 128. The nethod according to Claim 127, further conprising the step
of determ ning the seal nenber hardness by inducing vibration of the sea
menber. 0 7 APR 2004 62 129. The nethod according to C aim 128, wherein the
determ ning step further conprises neasgﬁing a resonant frequency of the
seal nenber. 130. A downhol e conmuni cat i nmet hod, conprising the steps of:
installing a packer in a fubular string in a subterranean well, the packer

i ncluding a fqaft%t'”_dl?@ﬁ'%nﬁ) 3he osfatusy iof echW%@‘"! sYing tR?('ﬂ'O'i' Mt er tf_ﬁﬁhl ar
string, the tapbmuhiRatign! YyReSasON ec@%gﬂc%hﬁﬂuﬁﬁegﬁ . dBvicaP! | hiHeg

communi cation between the 1y| rst and second devi ces; and conmuni cati ng data
i ndi cati ve ofcommanizatisg step, iee ptatusbeingarstraia if itmes tubddar steng pottihom. second

device in the comrmunicating step, the status being a conpression in a seal
menber of the packer. 131. A downhol e comunication nethod, conprising the

steps of ! instzl | iTHE nfetREE kiticolding thUBKHIMM 1331 Wherdif iR hBDEGhARMEtInGS! | |
t he packer including a first conmunication device;, conveying a tool into
the tubul ar Step.rthe status isalpressuie @agphied to theclohdlas stnghpedionon devi ce;
establ i shing communi cation between the first and second devi ces; and
comuni cating data indicative of a status of the packer fromthe first
device to thaf25ecd'rrda| dethod aototding tooBHimi €23, whesdiefn theecarhatumicdiimigng a
tenperature of a seal nmenber of the packer. 132. A downho| e commrunication
met hod, conpiSteR:the statug isppressure HerJPFi'ﬁlé‘cr%ﬁSp@@IJHg”ﬁaﬁs INGRRIMIZP- st ring
I n a subterranean well, the packer including a first

126. A downhole communication method, comprising the steps of: installing

a packer in a tubular string in a subterranean well, the packer including a first

communication device; conveying a tool into the tubular string, the tool

including a second communication device; establishing communication

between the first and second devices; and communicating data indicative of a

status of the packer from the first device to the second device in the

communicating step the status being a pressure differential across the packer.

127. A downhole communication method, comprising the steps of: installing
a packer in a tubular string in a subterranean well, the packer including a first
communication device; conveying a tool into the tubular string, the tool
including a second communication device; establishing communication
between the first and second devices; and communicating data indicative of a
status of the packer from the first device to the second device in the
communicating step the status being a hardness of a seal member of the

packer.

128. The method according to Claim 127, further comprising the step of
determining the seal member hardness by inducing vibration of the seal

member.




communi cati on device; conveying a tool into the tubular string, the @dbAPRZWﬂ
I ncl udi ng a second conmuni cati on devi ce; establishing comuni cation

between the first and second devices; and communi cating data indicative of

a status of the packer fromthe first device to the second device in the
comuni cating step, the status being a s in in a seal nenber of the

packer. 133. A downhol e comruni cati on net conprising the steps of :

installin th t th k
ol udi g a 1125, The et ezaé‘qa%énaév{oc&?aw%@ WieTain B dekeiEing SR ar
string, the %ghePlcomphiteMebstindg BGesEhar f?eq'in%ﬁ@?%f HRIERM) Refbep devi ce;

establ i shing communi cati on between the first and second devices; and
comuni cating data indicative of a status of the packer fromthe first

device to th ec devi in the . .comru cat| S e stat.us, heing a
esi ativity dr0a SdpRRBRBEro et ok B padringhm dreS oh HaRIEE L on
net hod, conprd padkerting tibaRrs sing irﬂé'fsabidr%eaﬁm\:dzﬂ aRe PacReLinBNRItg b first
tubular string in a subterranean well, the itemo prent i ncl udi ng

a
first comunic@MMuAicaton diev'@%nvewwm g dep! m’cpoth%éu%qlab@tmg stha deol t he
tool i ncl ud| C [ stah | AT iR on
bet ween the le r@{“ﬁg %ngse{cgwgfg\%gfglgag% ggvnl’?r‘gn ca%ﬁl%tﬁldg ?éz;ﬂl nd| cat }nve of
a status of mlmeelem@flrseqndmaeohdfdmm%hamﬂ |coe‘tmuimaatung tata indicatiee ofic

devi ce, and wherein |nthe co [ he item of e ment, is a
pl ug system StatHst pk E?aﬁ%g(ﬁf s'ﬂrg\edsfﬁ%fe i‘ﬂ thg ge W%L&é’ "rp?er‘r%eﬁh Cof

the plug Systc%mm&ﬁr‘éanﬁ? dRu) Ré %téiﬁmmgcﬁtcbﬁfbré?él&‘i’% AP eihbér bhest eps
of: installing an it equi pnent in tubular string in a subterranean

wel |, the it @acker. eqU|pnent i ncluding a flrst conmuni cat i on devi ce;
conveying a tool into the

131. A downhole communication method, comprising the steps of: installing
a packer in a tubular string in a subterranean well, the packer including a first
communication device; conveying a tool into the tubular string, the tool
including a second communication device; establishing communication
between the first and second devices; and communicating data indicative of a
status of the packer from the first device to the second device in the
communicating step, the status being a temperature of a seal member of the

packer.

132. A downhole communication method, comprising the steps of: installing
a packer in a tubular string in a subterranean well, the packer including a first
communication device; conveying a tool into the tubular string, the tool
including a second communication device; establishing communication
between the first and second devices; and communicating data indicative of a
status of the packer from the first device to the second device in the
communicating step, the status being a strain in a seal member of the packer.

133. A downhole communication method, comprising the steps of: installing

a packer in a tubular string in a subterranean well, the packer including a first

communication device; conveying a tool into the tubular string, the tool




tubul ar string, the tool including a second comruni cation devi ce; 07 APR 2004
establishing comunication between the first and second devices; and
comuni cating data indicative of a status of the item of equi pnent from
the first device to the second device in the conmunicating step, the item
of equi pnent being a plug system and t status being a pressure
differential across a closure menber e plug systen1 136. A downhol e

communi cati on t hod, conprising the, s s ,of |nst an it f
equi prent i n BOHGHG) & SR9ATg qqg"'&”@l?ﬁk'%’?r&ﬁ‘é‘&ﬁ' EAtRbISISD | SpmmICation
equi pment i Naigben tie ?fét%nd%ﬂ'd@ﬁdé%naﬁé\ﬂoﬁﬁnuﬁi%t{ﬁd Wt Mdiciveidtz0 the

tubul ar string, the tool including a second communi cation device;
est abl i shi ng statosmohitbat packesetrame the Host ideyiceatal thec sacontbdexics ianthe

communtcat | ool b 86" b Tl B teSRULARELY b

step, the it emacRér.equi pnment be| ng a plug system and the status being a
pressure differential across a plug assenbly of the plug system 137. A
downhol e conmuni cati on net hod, conprising the steps of: installing an item
of equi pnent 45 a r

equi pnent |ncl33'd AHB%???&%%%L&%@ ﬁﬂ%fhg’gvﬁggrﬁﬁ \gﬁvﬂhe &Qﬁ%o?gg% 1%"mlgo t he
tubul ar stri ram, |teﬂne01t equipmesit uniantubailarestoing mmmubierrmnean Wekh ihe; item of

est abl i shing commnlca |on b en the first and second .devi ;. an&Ire
communi cat i nGAURENt fgfuding \"i'e ISt cQmupupigatiofy depice; P@WW‘”%@JF‘}??@WP om
the first deysQaf String ethéw%hﬁtﬂﬁg%esédbnﬁ%rﬁﬁﬂﬁlﬂ&'h@ﬁtdéﬂrﬂ:esTe%fhbl’éhfhg' tem

of equi pnent being a p system and the status being a pressure
di fferential capmosgicatior een rthe finshized secank dpvicgss padecommBmicating

downhol e comppl okl Qe 8t Sbhtus S RIe! it Bt elaﬁlp?ltlgrﬂsfr&% ‘the TétHevidto the

second device, and wherein in the communicating step, the item of equipment
is a plug system, and the status is a pressure applied to a closure member of

the plug system.

135. 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; establishing
communication between the first and second devices; and communicating
data indicative of a status of the item of equipment from the first device to the
second device in the communicating step, the item of equipment being a plug
system, and the status being a pressure differential across a closure member

of the plug system.

136. 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; establishing

communication between the first and second devices;, and communicating

data indicative of a status of the item of equipment from the first device to the




an itemof equipnment in a tubular string in a subterranean well, thé 7 ARRI04
of equipnent including a first conmmuni cati on device; conveying a tool into
the tubular string, the tool including a second comuni cati on devi ce;
establishing conmmunication between the first and second devi ces; and
controlling operation of the tool at legst in part in response to data
communi cation from the first device to the second device. 139. The net hod

SPC01 9,10 oSSl R b7, RBRR ool G AR °

restricting tdhystdr@Oand ﬂ@%t_ﬂh%’éélﬁ'? A%reSsure! fiferentifPA&8Es %%lh@%%&erhﬁgz gart
I n response t0 data communicated fromthe first device to the secon

devi ce. 140. the ghighsystemcommuni cati on net hod, conprising the steps of;
installing an itemof equipnent in a tubular string in a subterranean
well, the itemof equipnent including a first communication devi ce;

conveying a t1aql. iAHewhhele éoarunicationi methddheoinpeisingiblelsteps oft installing
conmuni cati on device; establishing 0 7 APR 2004 65 conmuni cati on bet ween
the first an@nsée®nef aavipment i/ tsiarn #iringnp a §HBMRmnoweH,h@qW oft

| ast i 0 par ldubrh8RPARRRING aCISE CORTAUALERI 88vibe0Bbnidlind ' fol 476 . L O
t he second devi Ce, ereinthe itemof equipnent 1s a plu syst em havi ng
an equal i zi ndquinabstringathe tdodirdludinga ssoondoddrmmyniatipn fdevides estabdispingses
restricting the tool fro I spl acin he equal i zing nmenmber, at | east . in
part in resp&REYMHECH ?%%Wﬁ%ﬂﬁg‘&t@&i fqnﬁlng?‘l‘@"ffjfag'feﬁe@f‘gec?ra”}%cast@@ond
device. 141. Jitslmicuive SFATBINLS 8 tHeliteR (o @QuipFREmt fréth tBe fingt ddvidestdothe
installing an itemof equiprment in a tubular 'string in a subterranean
wel I, the it eecond deyisegndhe cominuricatingstep; the temmireasprment Beidceplug
conveying a tscg}géerrl\,ngﬂdttrﬂs status being a pressure differential across an equalizing

member of the plug system.

138. 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; establishing
communication between the first and second devices; and controlling
operation of the tool at least in part in response to data communication from

the first device to the second device.

139. The method according to Claim 138, 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 communicated from the first device to the second

device.

140. 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; establishing




tubul ar string, the tool including a second communication device; afid APR 2004
est abl i shi ng communi cation between the first and second devices in response
to the second device being noved into sufficiently close proximty to the
first device, the installing step further conprising renotely positioning
the first device relative to the remain of the item of equipnent. 142.
A particle detection system conprising: t ubul ar nmenber interconnected

in a tubular strin a cl e sens conf.i gured f det ect i
i ol es ThcdRuticatel DhEhtesh B, irst” BN SeEaRh A KEEs o AL ragroling
connect ed t 0 dpfatisH bf m@to'iﬂ%i%ast%%aﬂ ihaRkpbR$Lty 8dtd Eoﬁhﬁjﬁléﬁilﬁrﬁfrom

string, the tool includi ngg1 a second conmmuni cati on devi ce, and
communi cat i oth@dirstgdevica tbthessrapnsedewien whereirn thex item dof sstiprdeiisi a plugl 43.

I nt er bonnoct Saotah iR Bhlerkitn matiddend WRER) AR SrTRalsef Tisfe:

wherein the rabﬁmrlseéeﬁestrmm%qneaoon Mmtmépleamgqhewqaanzir@ fiepvbdrhataggst t he
tubul ar nenber as detected by the sensor. 7 APR 2004 66 145. The system

according to iR Part N respongf f¢ data ?%WW?‘J dropn the fisst deyinector the secande
first communigajdeon device. 146 The system according to C aim 145, wherein
data is transferred from the nmenory device to the tool when the first
comuni cation device comunicates with the second comunication device.

147. The syst accqr di to claim 142, ei n indic s_of Rar d e
flow 't hr ougiiahe & OBAMR e BENKATOr AGREs FBPHFIGINEPFPS A RSURGL | ol o
sensor 1o by el oﬂé&u’b%rﬁllﬁ%t@lﬂbﬁ@lﬁlﬁg%@%Ubwrﬁéﬁliéaﬁr\méﬁwh‘éeﬁemnoff eal
time. 148. The systemaccording to claim 147, wherein the first and second
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 in response
to the second device being moved into sufficiently close proximity to the first
device, the installing step further comprising remotely positioning the first

device relative to the remainder of the item of equipment.

142. A particle detection system, comprising: a tubular member
interconnected in a tubular string; a particle sensor configured for detecting
flow of particles through the tubular member; a first communication device
connected to the particle sensor; and a tool received in the tubular string, the
tool including a second communication device, and communication being

established between the first and second devices

143. The system according to Claim 142, further comprising a memory

device interconnected to the sensor.

144. The system according to Claim 143, wherein the memory device stores
indications of particle flow through the tubular member as detected by the

Sensor.




communi cati on devices comunicate via direct electrical contact. 14 7 glﬂﬁﬂﬂln
system according to claim 142, wherein the second conmunication devic
supplies power to the first comrunication device, thereby permtting the
first device to communicate with the second device. 150. The system
according to C aim 149, wherein the powersd s supplied by electromgnetic
waves emanating fromthe second device. 1. The system according to Claim
150, wherein the ectromagneti c,. ves .ar adi.o freguency waves..152. The
syot em accor iy (CEUSHE AScoming 39 et Jggnatnaraing M MhLmoR) Seyiceos, o
pul ses emanatdopfietfcdnolthe fircntmiRitafiSn dévide. The system according to Caim
152, wherein the pressure pulses are acoustic waves. 154. The system

according to Caim 149, wherein the power is supplied by direct electrical

cont act bet t fLr a [ C 4 )

Cyet om accor diy (eCPiRthre GRS GRMCPES el Saf i ulhebPad 00 .
coupl i ng bet weemdrnend dévite tnthesteobwHen eive figt codfmunidatiors etvio® according to
Cl aim 142, wherein the second devic activates the first device froma

dor mant st at €ommynicatas; with dbe second, ep@muNicRan 48416k communi cati on bet ween
the first and second devices. 157. The system according to O ai m 156,
wherein the communi cati on between the first and second devices is via

el ect r omagnetlidd. wahessystéd. actoeding 40 elaimc b, dvmeyetroindicattiong ©F pavticte dow t he

e el S R AR B PR BB SRR O

devices is Vigge BASRHR 4t 8688 second communication devices in real time.

148. The system according to claim 147, wherein the first and second

communication devices communicate via direct electrical contact.
149. The system according to claim 142, wherein the second
communication device supplies power to the first communication device,

thereby permitting the first device to communicate with the second device.

150. The system according to Claim 149, wherein the power is supplied by
electromagnetic waves emanating from the second device.

151. The system according to Claim 150, wherein the electromagnetic

waves are radio frequency waves.

152. The system according to Claim 149, wherein the power is supplied by

pressure pulses emanating from the second device.

153. The system according to Claim 152, wherein the pressure pulses are

acoustic waves.

154. The system according to Claim 149, wherein the power is supplied by

direct electrical contact between the first and second devices.




160. The system according to O aim 159, wherein the pressure pul ses laf 4PR 2004
acoustic waves. 161. The system according to claim156, wherein the

conmmuni cation between the first and second devices is via inductive
coupling between the first and second devices. 162. The system accordi ng
to claim142, wherein the conmunication 6'l%etween the first and second

devi ces indicates when the tool is within'a predeterm ned di stance of an
operative position of the tool relative to the item of equipnment. 163. The
system according to Cl aim 162, wherein the first device comunicates to

the second depgsce tHakydtm 46Urding OPCkhith| 148, WwHREin! thenssiver E'slgpﬁédtt% the
I tem of equi pment. 07 APR 2004 68 164. The system according to aim 142,

wher ei n t he pRdudtyecoupling betweeretiesfirshand seeond deviggs.al | y t hr ough t he
tubul ar nenber. 165. The system according to claim 142, wherein the
particle sensor detects particle flow through a sidewall of the tubul ar

menber . 156. The system according to Claim 142, wherein the second device
activates the first device from a dormant state to an active state, thereby

permitting communication between the first and second devices.

157. The system according to Claim 156, wherein the communication

between the first and second devices is via electromagnetic waves.

158. The system according to claim 157, wherein the electromagnetic

waves are radio frequency waves.

159. The system according to Claim 156, wherein the communication

between the first and second devices is via pressure pulses.

160. The system according to Claim 159, wherein the pressure pulses are

acoustic waves.

161. The system according to claim 156, wherein the communication
between the first and second devices is via inductive coupling between the

first and second devices.

162. The system according to claim 142, 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.

163. The system according to Claim 162, wherein the first device

communicates to the second device that the tool is operatively positioned

relative to the item of equipment.
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164. The system according to Claim 142, wherein the particle sensor

detects particle flow axially through the tubular member.

165. The system according to claim 142, wherein the particle sensor detects

particle flow through a sidewall of the tubular member.






