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perforating tool carries shaped charges that are detonated using a 25
signal transmtted fromthe surface to the charges. Detonation of the
charges creates openings in the casing and concrete around the casing,
which are tW&P1%EH to establish fluid comuni cati on bet ReBUSOMEIS2

geol ogical formation, and the inside dianmeter of the casing. 30 Another
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A perforating process is one type of downhole operation
20 that is used to perforate a well casing. A conventional
perforating process is performed by placing a perforating tool
{l.e., perforating gun) in a well casing, along a section of the
casing proximate to a geological formation of interest. The
perforating tool carries shaped charges that are detonated using a
25 signal transmitted from the surface to the charges. Detonation
of the charges creates openings in the casing and concrete around
the casing, which are then used to establish fluid communication
between the geological formation, and the inside diameter of the
casing.
30 Another example of a downhole operation is the setting of
packers within the well casing to isolate a particular section of
the well or a particular geological formation. in this casse, a
packer can be placed within the well casing at a desired depth,
and then set by a setting tool actuated from the surface. Other
35 exemplary downhole operations include the placement of logging
tools at a particular geological formation or depth within the
well casing, and the placement of bridge plugs, casing patches,
tubulars, and associated tools in the well casing.
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correlate the depth to the open hole logs. Figure 1 illustrates a prior art
perforating process being perfornmed in an oil and gas well 10. The well 10

i ncludes a I re 12, and a casing 14 within the well
surrounded V‘gﬁ@g%zﬁncr ete 16. The well 10 extends from an gﬁ%g?féﬁi s%urface

18 through geol ogical formations within the earth, which are represented
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readi ngs 38 dnY kpthe mpenubolpotogmal (SP) readings 40 which ar ehpl ot teﬁd as
ﬁofz”fég‘i%%f fr omingoire: s @Bl 8 BB3ihiro, 385¢h B,  6%h s, By
However, in ABU&r GsHisk tt&éngh@oaﬁleid 0 @) lodometesntt 199l seaIt Beeplers to
t he bottom ofatt bedwﬂrédl@e;ﬁwmzh%@ed\fe)ﬂh@n@ﬁﬁ@nhﬁbﬁ:d@é asoreRRiM8d S
skilled artisgns Lo Agcetha "abRRnds aggergaanon One problem with
conventional logging and positioning techniques is that it is
20 difficult to accurately identify the depth of the tool, and to
correlate the depth to the open hole logs.
Figure 1 illustrates a prior art perforating process being
performed in an oil and gas well 10. The well 10 includes a well
bore 12, and a casing 14 within the well bore 12 surrounded by
25 concrete 16. The well 10 extends from an earthen surface 18
through geological formations within the earth, which are
represented as Zones A, B and C. The casing 14 is formed by
tubular elements, such as pipe or tubing sections, connected to
one another by collars 20. In this example the tubular elements
30 that form the casing 14 are about 40 feet long so that the casing
collars 20 are forty feet apart. However, tubular elements with
shorter lengths (e.g., twenty feet) can be interspersed with the
forty feet lengths to aid in depth determinations. Thus in Figure
1 two of the casing collars 20 are only twenty feet apart.
35 For performing the perforating operation a perforating tool
22 has been lowered into the casing 14 on a wire line 24. A mast
26 and pulleys 28 support the wire line 24, and a wire line unit
30 controls the wire line 24. The wire line unit 30 includes a
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containing formations within the well 10 and the nost productive intervals
of those formations. For exanple, based on the gamma ray readi ngs 38 and
the SP reqejoi@ss740 it is deternmined that Zone 20 A may cedfaédifisy and gas
reserves. It is thus desired to perforate the casing 14 along a section
thereof proximate to Zone A. In addition to the open hole |og 36,
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uni t 30, i tywepy be difficult to accurately place the perforating tool 22
at the required
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perforati ngdépml iR Xeetmy Foot siaplidity tdhl)gtélepmidmlofdlmt |®ena$10ll@fl cﬁd ed in

odomster 13 jas aPPHL, 7Bpg 1Bkt E ehBUt 42BP0r taghy b iluERY ol ¢ 1o
36 and t he Howsives, dol astualogractics feﬁl@omnme wajl . 10/vfmn't Hhe sutfagei on,
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to ZoneAn$ﬁ be onJ¥ | a % er org ortnot 'ger Qate
Because of ?Red®iBY pﬂg BHon HBS%'}%C 9ra%§%°s" afny, thgs ot oand agﬁ?e jOI nt
| oggi ng andcowitainihggép nmgatiaes nividbies thavwelied® and the most productive
intervals of those formations. For example, based on the gamma
ray readings 38 and the SP readings 40 it is determined that Zone
20 A may contain oil and gas reserves. It is thus desired to
perforate the casing 14 along a section thereof proximate to Zone
A.
In addition to the open hole log 36, following casing of the
well 10, cased hole gamma ray readings 44 are made, and a casing
25 collar log 42 can be prepared. The casing collar log 42 is also
referred to as a PDC log (perforating depth control log). The
casing collar log 42 can be used to identify the section of the
casing 14 proximate to Zone A where the perforations are to be
made.
30 Using techniques and equipment that are known in the art,
the casing collar log 42 can be accurately correlated, or "tied in",
to the open hole log 36. However, using conventional positioning
mechanisms, such as the wire line unit 30, it may be difficult to
accurately place the perforating tool 22 at the required depth
35 within the well. For example, factors such as stretching,
elongation from thermal effects, sinusoidal and helical buckling,
and deformation of the wire line 24 can affect the odometer
readings, and the accuracy of the odometer readings relative to
the open hole odometer readings.
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developed in the art. For exanple, one prior art technique uses electronic
joint sensors, and electrically conductive wire line, to determne

joint-to-jayBlyhgpoths, and to correlate the odometer 15 kh9sS9f the
wirelineto t?1

e casing collar log. Athough these correlative jolnt
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oper ati ons wiadgitional crews and surface equipment are required, and
additional wire line footage charges are incurred.

20 in addition to tool positioning inaccuracies, computational
errors also introduce inaccuracies in depth computations. For
example, a tool operator can make computational errors by
thinking one number {(e.g., 7100), while the true number may be
different (e.g., 7010). Also, the tool operator may position the

25 tool by compensating a desired amount in the uphole direction,
when in reality the downhole direction should have been used.
These computational erfors are compounded by fatigue, the
weather, and communication problems at the well site.

it would be desirable to obtain accurate depth readings for

30 downhole tools without the necessily for complicated and
expensive correlative joint logging and wire logging technigues.

In addition, it would be desirable to control down hole operations
and processes without having to rely on inaccurate depth readings
contaminated by computational errors. The present invention is

35 directed to an improved method and system for performing
operations and processes in wells, in which the depths of down
hole tools are accuraiely ascertained and used to control the
operaiions and processes.



the requirenent of surface actuation of the downhole tools. Wth the
present invention actuation of downhole tools can be 1o perfornmed in the
wel | at t{e @iegessred depth. Summary of the Invention In seggsfAaREs With the
present invention a nethod and a systemfor perform ng various operations
in wells, and for 15 inproving production in wells, are provided.
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can compri 3.1 Fﬁve or passive radio'rdenti tion devices installed in
each casing coI | ar of the well casing. Each radio identification device is
uni quely i @r\hhﬁ@ofah@ IhverdiRpi h, or location, within the well is 35
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setting processes, logging processes, inspection processes,
chemical treating processes, casing patch processes, jet cutting
20 processes and cleaning processes. Each of these processes, when
performed in a well according to the method, improves the well
and improves production from the well.
In an illustrative embodiment the method is used to perform
a petrforating process in an oil or gas production well. The well
25 includes a well bore, and a well casing, extending from an earthen
or subsea surface into various geological zones within the earth.
The well casing includes lengths of pipe or tubing joined together
by casing collars.
The method inciudes the initial step of providing
30 identification devices at spaced intervals along the length of the
well casing. The identification devices can comprise active or
passive radio identification devices installed in each casing
collar of the well casing. Each radio identification device is
uniquely identified, and its depth, or location, within the well is
35 accurately ascertained by correlation to well logs. Similarly,
each casing collar is uniquely identified by the radio
identification device contained therein, and a record of the well



In the illustrative enbodi nent the reader device conprises a radio
frequency transmtter and receiver configured to provide transm ssion
signal s forghe¢epbtion by the identification devices. Thegidgatifigcation
devices are configured to receive the ? o transm ssion signals, and to
transmt response signals back to the reader device. The transport

mechani sm f orin¢ihdingdber dapth of cach casipgi sellar winde idemé]cativuldavice coi |
tubi ng, a rOt??tléQta ¢Raism a fluid transport nmechani smsuch as a punp or
a blower, aftree or, a controlled fall, arrangenent 15

al | "arrangenent, 2
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casi ng patchgg?gﬁ?%‘s%ntar J[Ui?niftﬂpﬁﬁgﬁ& PeeRpHgE f‘?‘% 18R nBu‘%&pl%‘, nd to
control jet doweer 2 dree sfabli laarangeshent, Vot ra tdmntnelidd Fatif arteegemvent i on 35

the true;deptdychl ad REpRIQGRRS, t 0ol can be ascertained in real tine by the
reader device usin rga pnse, si.gnal s.{iromt e identification devices.

Accordingly, ther&i 89HBIGES AFRNATRIPE; ANd; fecERG signale ¥eBl W& ng an
odonet er, anddentiioaiior devices,7 tN® 044826 7GeWHER/ IS0 dlsky 1&nfigawid Gto

techniques. hpyaddht | YhirQPELighals CRAIPYMLANRY & " Bfced¥s tool, as a
function of the response signals from the identification devices.
20 For example, the reader device can control a perforating tool
configured to perforate the well casing. Specifically, the reader
device and the perforating tool can be transported together
through the well casing past the identification devices. In
addition, the reader device can be programmed to transmit the
25 control signal to detonate the perforating tool, upon reception of
a response signal from an identification device located at a
predetermined depth or location within the well. Stated
differently, the reader device can be programmed to control the
perforating tool responsive to locating a specific identification

30 device. '

As other examples, the reader device can be configured to
control setting tools for packers, bridge plugs or casing patches,
to control instrument readings from logging tools, and io control
jet cutters and similar tools. With the method of the invention

35 the true depth of the process tool can be ascertained in real time
by the reader device using response signals from the
identification devices. Accordingly, there is no need to ascertain
the depth of the tool using an odometer, and expensive wire
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reduced because true depth readi ngs can be provided w thout the

requi rement of additional conmputations. Further, for some processes, there
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desi gnat i onserf&anbdi diymanhicallyi @s dhei procass btoolcmbvesir tittoagha th@ssihve
devi ce, an i davi i ; h L.ve Vi I ch can
e pl aced i HelnVRn i Tty 8RR, aﬁﬂtﬁiﬁ.@%hpafs@@iéiﬁ?oé@%% |
fluids. 30 toeb alyatrequiresodenth. uddwirthey, tbadmetied i dfethendnverdiosr ceass  t ool
confi gused BOr use@NEPOEéNTrdl A dulthesiéRfe proeess; drm taddohtrdl at fodihe
transmtter_and receiyer tpe readelr. gew ce includes one or m?re
programmbl%o'ﬁ@gi%ﬁpedg(?/i peLiorm, - multiple RrBRASRES, ci{TD?Jrs CX3MM'Guréd to
recei ve andcarnbiration’ qrackierr opettifige andaperfotating etodh edrs doe neonfitrerea power
sour ce SUChASHBrIAPHE! phEREY ! Qetlifiy S Ul CBeridthtifg’dprdiidssdd) ALl b on. the
reader device F_ncl udes  a tei metry. circuft for {rfansmtting’'the control

si gnal s, wHlE®§tigano etrig,gege@&i readings obtained using the method of the

20 invention.

In the illustrative embodiment the system includes the
identification devices installed in casing collars at spaced
intervals along the well casing. The identification devices

: include a programmable element, such as a transceiver chip for
25 receiving and storing identification information, such as casing
collar and depth designations. Each identification device can be
configured as a passive device, an active device having an
antenna, or a passive device which can be placed in an active

~ state by transmission of signals through well fluids.

30 The system also includes the reader device and the process
tool configured for transport through the well casing. In addition
to the transmitter and receiver, the reader device_ includes one or
more programmable memory devices, such as semiconductor chips
configured to receive and store information. @ The reader device

35 also includes a power source such as a power line to the surface,
or a battery. In addition, the reader device includes a telemetry
circuit for transmitting the control signals, which can be used to
control the process tool, and to provide depth and other
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control the process tool, and to provide depth and other -8 WD 01/92675
PCT/USQO /17152 information to operators and equi pnment at the surface. The

system can gh39eishs! ude a conputer configured to receive gpd, pracess the
control signals, and to provide and store information in Vistal6r ot her

formfor well operators and equi pnent. Further, 5 the systemcan include a

control I er copfdrentRth 1R PHEERRSTS Ngnd CeBUiPhept 98R! the 08uGaBET Ol ITag the
process tool and various roc«isi egwgm&nt. The control.l er can be | ocated
& FoSPMAWeE]

at the surfacd¥Siedr CGR AIRO pinel rRNTIBITRds 4P recRive Abd
system Al so,process sihet e:mb'la:m dignaisanampdricegrovide aeld storee ir:nfnrmeioh]?r[nhof

kit, 1. : a . =N | e
?)r a:/vi ngs F?gﬂ‘?cejw%afﬁg ogscgt@%gnf%ﬁn ch()fit gger”\é\%nb %@S%ﬁ@r o5 %%%\ﬁm{ﬁhgﬁgﬂﬂg eration
bei ng per for 188 S¥PIRIIWERD liBgEdand® piieelier ceadiovged 16 prenass tibel

posiht ijoni pg Rt Al SSTgnEifufcﬁ' 2cd't:t$tr|@!!i°rig3V\trF§ ap::métd_ | 31T A gvations | |n| the
met hod of t L cqntr rf.or pr ss_in a well;
Fi gures 3A atbgoég‘yipéed"g@% ti éﬂl(?r g:gbhgggfic%ﬁ'albev %gggl ?ﬁgﬁ?awrﬁﬁc% system
constructed iaf aschedpneeess ttnok He providavanselbreandainedr systeing iso, )
erforatin c A Y LT g - WG | niAr, AN |G, ataken
gl ong sec'?i 2&8 ?”?‘33’3’5@:"5 3 ?Fgﬁaﬁﬂe@ {p%r ??eé?%ﬁg ?Jg(;{ﬁéo@rtaﬁéﬁs%?'t(%’m
Figure 3BY% s SR asse e i%hﬂb?q’lﬂ?b&“@-SA, t aken al ong section |ine 3D,
illustrating a reader device and an identification 25 device of the

system Figure: 3E~ 0 .en| ctional view taken along section
line 3E of FiEﬁ”é ; P ﬂ 3 e B ion of the reader device; Figure
3F is a side el evaigwi¢ vi d 6f sehemaltio ndirgramo aénBoprimenariaciawrheleader

devi ce and t hyRadeen ”@éﬁ'ﬁgi J@gr@?#{e@euss@ GEIE [80s | andodbmtdr ehdigaemati ¢

the systafh A0 Boresl AREEETS aneERemaMic Vi ews i 11ustrating o

Figure 2 is a flow diagram illustrating steps in the method
of the invention for controliing a perforating process in a well;

Figures 3A and 3B are schematic cross sectional views
ilustrating a system constructed in accordance with the

20 invention for performing the perforating process;

Figure 3C is an enlarged portion of Figure 3B, taken along
section line 3C, illustrating a perforating tool of the system;

Figure 3D is an enlarged portion of Figure 3A, taken along
section line 3D, illustrating a reader device and an identification

25 device of the system;

Figure 3E is an enlarged cross sectional view taken along
section line 3E of Figure 3D illustrating a portion of the reader
device;

Figure 3F is a side elevation view of an alternate

30 embodiment active reader device and threaded mounting device;

Figure 4A is an electrical schematic for the system;

Figure 4B is a view of a computer screen for a computer of
the system; '

Figures BA and 5B are schematic views illustrating

35 exemplary spacer elements for spacing the reader device of the
system from the petforaling tool of the system;



35 exenpl ary spacer elenents for spacing the reader device of the system
fromthe perforating tool of the system -9 WO 01/92675 PCTI US01/ 17152

Fi gures 6goQesse schematic cross sectional views ill usppgiusfi@irysari ous
al ternate enbodi ment transport nmechanisns for the system Figures 7A and

7B are schematic cross sectional views 5 illustrating an alternate
enb]?di nment syst efigirest r 6A-6D | Bre acsshataatic Wetdss heddtitandli ovidws g
per form ng A S ; 7 : arge
bort i on of [fEfa, VanoRs ReRtRe] eildifiht eafkpBr mbEnBRisiis M 250
connecti on B e IstM;10 string of the alternate enbodi ment system and

Fi gure 8A-8C ar eFpfteBRYIAC £fid@SFBSenbl @thlenyaitd\scrddd Wsddtisrialgviswgl ternate

packer <t Misttaiind B, riEkalk) shiBbECRSNt . Fsidnace SRirtSledeinlf o
Descri pt i onactotdander eivithr ébe Eirshtiommt foRe perfarming o aFipaeker2 seblingd st eps

in a method f&resscﬁptz{]%éli'ng an operation or process in a subterranean well
in accordaﬁce \/\f’__l t i
S

o e oot ot ' atlafaest narhaoh outh 7Sl atar s
reader devi secfionsligeal7Coiltustvating cn thirebdetheonnention tefola t@bifgovi di ng
5 o e LAURELR, B erhlte ReRGAAACLyQRy gRgne [ eacer GevicE B
reader device. EFigWiequdA-8Caerfnier ysehemaltci Jinss i @@c"ﬁtﬂﬂﬂievﬂf@"&nd
e et hancrghamatecombaihenvebies staggs ottt 480 T
By s e e A X
devi ce. perforating processes in combination.
15
Detailed Description of the Preferred Embodiment
Referring to Figure 2, broad steps in a method for
controlling an operation or process in a subterranean well in
accordance with the invention are iliustrated. @ The method,
20 broadly stated, includes the steps of:
A. Providing a process tool.
B. Providing a reader device in signal communication with
the process tool.
C. Providing a transport mechanism for the process tool and
25 the reader device.
D. Providing spaced identification devices in a well casing
readable by the reader device.
E. Uniquely identifying each identification device and
determining its depth, or location, in the well using well logs.
30 F. Programming the reader device to transmit a control
signal to the process tool upon reception of a response signal
from a selected identification device. ' '
G. Transporting the process tool and the reader.device
through the well casing.
35 H. Reading the identification devices using the reader
device.
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G Transporting the process tool and the reader, device through the well
casing. 35 H Reading the identification devices using the reader device.

-10 WO 01/ 9‘%8%;3/ gl'/ USO /17152 1. Transmitting the cont rok,gg)ug‘ﬁzla qtzo t he

process to upon “reception of the signal fromthe selec 1%t i cati on
device to actuate the process tool at a selected depth. Referring to

s ustrated, The suapamiges the oattr ’”SWCW*H%”%%#SQ%‘S@SPFB > such
as an oil and® E;%EP"% éng?l éfg’Wzl from t%ﬁ shlec abﬁfﬁﬂ’r@'ﬁ@ HoRe W&%@S’O i s
configured tagtyedef thhenpmopesd doal Bh@a peiected da;p’ihhe wel | 52. The ;
erforatin roc O n oVl des an
Eo mproveg vvel?ll E%%epﬁgé Ior \gelnegr odugﬁqon fjstee}rh% ¥§Héj§8&ﬁ2{e éell 52
i ncl udes & m@qcom%cmwﬂanah@ mm!@asmgmsstram hi nTheesy@em Wl eiss54
surrounded byng@medetia 6. sum@rmwéamweﬁxsznd@éﬁoalsararﬁacm hgRd Syakace 60

h h I | .. f ted as
onoud 920, FRbaRcdR FEILONG efd BobiReRt thl sillefs & Soranigura

al ternatel y dospedotmr e, pesfociting process il dhé owslll 52at e'ﬂ?atmarﬁ)mah Ir ][n

h | | ust rom
Ehg ! sulrJfS a(rzgtﬂéﬁgs?%§%8 %%gs;r&%ﬁeﬁaéaéé %&eﬁséerﬁ%gﬁ 513551 }SB(Y@QEE e%lst ood
that thelfiet Wogreed awg% 9% phdcimprevesnprotuatiosd froro thel mell 58d on
horizontal wells. Thee wall I52C #5dl08e56a CRENT b6RS L, pb#ﬁaélwu%aém?%w

I 62, h I t.h t t ted
anotner by e sty Wah P aepAoRudorREPECRE cady &8 AT herie) Bdapt oc
to transmt feixiéntds ifnere, aor eadhenf sutfaee wal | thsaugh Sgesidgioal dotiatiendi anet er
surrounded biii gnség S vitfich k18 reiftbbahdd®ds CAGGOERY £58nd QP! ThES

rea S apEﬁ%t 't

havi ng femal e t E’ t|n aerret W e threads on
EPRaPE

the tubutar & 8”88& |%fr§16@1%t§|'¥ chfifucderesel dabl e
coupl i ngs aebatphedsf an \ofl giatfprino beatéd,lm}.’owe elateent sin62he 3fludtrativen t he

I Tustrative eh0O0MAEN, WE GRH % Yitbids generally vertically from the
surface 60 through Zones E, F, and G. However, it is to be
understood that the method can also be practiced on inclined

20 wells, and on horizontal wells.

The well casing 56 comprises a plurality of tubular
elements 62, such as lengths of metal pipe or tubing, connected to
one another by collars 84. The casing 56 includes an inside
diameter adapted to transmit fluids into, or out of, the well 52,

- 25 and an outside diameter surrounded by the concrete 58. The
collars 64 can comprise couplings having female threads adapted
for mating engagement with male threads on the tubular elements
62.  Alternately, the collars 64 can comprise weldable couplings
adapted for welding to the tubular elements 62.

30 Also in the illustrative embodiment the casing 56 is
iHustrated as having the same outside diameter and inside
diameter throughout its length. However, it is fo be understood
that the casing 56 can vary in size at different depths in the well
52, as would occur by assembling tubulars with different

35 diameters. For example, the casing 56 can comprise a
telescoping structure in which the size thereof decreases with
increasing depth.
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Il lustrated as having the same outside dianeter and inside dianeter
t hroughout its length. However, it is to be understood that the casing 56

can vary o fijosgsat different depths in the well 52, asppysdl 9sur by
assenbling tubulars with different 35 dianeters. For exanple, the casing 56

can conprise a telescoping structure in which the size thereof decreases
with increasi ngBaggghon |an \apen/ole7 webtciogso(Be7Higrread bd con otimenpen

gol e \gel } Itﬁgofrﬁlaltishguneié) dernfihBar lthéf‘LZéﬁ@t 'F?{bf_ &ﬁ?ih%véirgte@z r'e tot hat
one F o . y._.contain,,oi n : i S s des]

perforate tﬁénﬁ%i‘ﬂg OXi &rd?e"}”@ ﬂa?ﬁéregaf% Refonate s%ef casting 56

communi cat i proxigtaieeto Zohend™ Ro aestablishi fisidiecommenieatioh thetweRld casi ng
56. For per I Bg e k t s 0 includes a

per for atslpngztef(;g} P’Ggwa’ﬂféﬁﬁig’gd@a&fgé?cﬁqg\g Wr%ﬂsll%%hgnsébmmni cation with
the perforating Fobl PEsiormiagdsieecRedorating preceses el systeim y 56

i dent i fi5<éat irmludhs/ia:qlser}ara(tfihgmbel ?eés, agdaTat aéaéértdb\ﬁigg_ ol |rﬁrs,t‘i%ﬁél Ont t he
casin : r eader,. devi c : addi tion e system
50 i ngl udesggﬁ'{'ﬁ‘zﬂggﬁpﬁ %cﬁ@?\ieﬁﬁ?%@m%rtopfagépoﬁﬁnéyﬁ pePs 8ls i ng
tool 68 andindiedes eadeplurality eot Oidentificatione desticesaFing(Fgute BDE F. |f
desiredio ! fRaBHEd 4G o COldIE £4BRPME dshy i URY! reifdhie %l e N
then 15 assenpled at t [ . As shown ’ure'é, € perforating
tool 68 i ncﬁ?g%s’ gewa:gt gﬁaﬁp ?%FW‘I' §V§i§"§c#‘gn'ﬁ9|‘@£q P trangpart

det onat or coveghagisrhn 66VWgnfdr transpoirting i the perforatimgddboha@®randt. thehe
detonator 7 r+ Lal | i ' t qQr . rical 20
det onat or cperﬁqégm%gggo.{éggfouglon g’g'/é’!a%S%P%?ﬁo%qr{%%ﬁe_aﬁegsgg%@ﬁ ce 70.
Simlarly, systesm 2@ catopg trenspartednisr g!.% well &nasr 8i it andvihiemabl e
conponery . déseriblethatothe/ vgln®2X he detonator cord 76 are configured to

dequence of 25 tAS St B Mgur8CpCaaing hetharatha, deoLide, Inhes: fonc, < ne
det onat or 7detandtor ai4d(ibustratedvi sdhiematitallyje minat a i cetonatdr GdrdAFeshown in
Figure 3C inheigilf e6mimiichfieh #fthatii® ddtehdfiS74. The detonator 74

can comprise a commercially available impact or electrical

20 detonator configured for actuation by a signal from the reader
device 70. Similarly, the detonator cord 76 can comprise a
commercially available component. The detonator 74 and the
detonator cord 76 are configured to generate and apply a
threshold detonating energy to initiate a detonation sequence of

25 the perforating tool 68. In the illustrative embodiment, the
detonator 74 is located on, or within, the perforating tool 68.

As shown in Figure 3C, the perforating tool 68 also includes
one or more charge carriers 78 each of which comprises a
~ plurality of charge assemblies 80. The charge carriers 78 and

30 charge assemblies 80 can be similar to, or constructed from,
commercially available perforating guns.  Upon detonation, each
charge assembly 80 is adapted to blast an opening 82 through the
casing 56 and the concrete 58, and into the rock or other material
that forms Zone F.

35 As shown in Figure 3D, each collar 64 includes an
identification device 72. Each identification device 72 can be
attached to a resilient o-ring 86 placed in a groove 84 within
each collar 64.



one or nore charge carriers 78 each of which conprises a plurality of
charge assenblies 80. The charge carriers 78 and 30 charge assenbllﬁs 80
can be simyarn or constructed from comercially avai, Ped,f orating
guns. Lmonjggtgﬁg??on each charge assenbly 80 is adapted ?o @(ast an
opening 82 through the casing 56 and the concrete 58, and into the rock or
other material tiat tHer ustomtivd. eBhosimsindynttian iaamrf&:aﬂ@n edeviceal | ar 64
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vai | abl e_and..a
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in 5 |ibrari ¢gsomrate RPRAD: reseplion of ciadbuifreghénty | enengyf fyumed tadio
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t ate uenc PassSi ve
eauire a pordiidibdocBot Zeduire SaHEa o T8 enelgy 19aaie JE0mn

signal provi dre tmstmmtorios;m PRIVt O tHE bwmfbr?];fffgltﬁraéﬁsgggl e 72
el udes an tyPl g renFcaronat iRl CaReantah, bl VERhSREISHavi ng

menory storagégn@dlpabilities. The integrated circuit chip can be configured

to 15 receive RF $h@naaénﬁﬁéaﬁ@neaéeré@ a3 ;ﬁ&%%gdaé@ @%t@& gnem
signals. Duri n a datﬁfenco m&apgeratlon each 1 dentificatlion evice 72

can be uni qué’lhypﬂ dBRERf s &uc GeIveXc B | Baveng; nemayy (stogagey
identified Teapsbilitbog.ifiTeei wﬂegrétedrm:incuglt ichipi udncaieeot:chm LP@dCJtﬁ CBI |

d t B | e col | ar
eistgﬂabéggié%??‘g}?ﬂ?f iR S to ShESUE Uhd Bore | dek ML LU RRB F0
in Figure 1. signalsdept Qurﬁfg)ram(ﬂﬁlf@n emadm@nomradm eammddeahfmanon

identificati @rvide' 7 moein Wb AMQIEN idURifidie sueANthal @RlchoRofgY g 162 A
record also uniquely identified. This identification information is
indicated by the C1-C8 designations in Figures 3A and 3B. In
20 addition, the depth of each collar 64 can be ascertained using
well logs, as previously explained and shown in Figure 1. The
depth information can then be correlated to the identification
information encoded into the identification device 72. A record
can thus be established identifying each collar 84 and its true
25 depth in the well 52.

Alternately, as shown in Figure 3F, identification device
72A can be in the form ‘of an active device having a separate
power source such as a battery. In addition, the identification
device 72A can include an antenna 88 for transmitiing signals.

30 Alternately, an identification device ({(not shown) can be
configured to ftransmit signals through a well fluid or other
transmission medium within the well 52. Such an Iidentification
device is further described in previously cited parent application
serial no. 09/286,650, which is incorporated herein by reference.

35 As also shown in Figure 3F, the identification device 72A
can be contalned in a threaded mounting device 87. The threaded
mounting device 87 can comprise a rigid, non-conductive material
such as a plastic. The threaded mounting device 87 is configured
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can thus be established identifying each collar 64 and its true 25 depth
in the well 52. Alternately, as shown in Figure 3F, identification device
72A can bgodnkdys formof an active device having a sepapdf/fsoiASie" Source
such as a battery. In addition, the identification device 72A can include
an antenna 89 for transmtting signals. 30 Alternately, an identification
devi ce (nottosthajvrscremdaeint@o&ie' guidstlet pottiems ndot thegmwalsing heallegh 63 wel |

fluid or Ot{fffguré IS s | BN bBEFHtHIAY H@Jtﬂebheaﬂfdde_rﬁztubﬁ%he ents

i denti ficat devi'ce is, fuctther -described in evipusly cite arent

appl i cati onopég?i gpsing %3/ 2&%‘, 65'@,9‘1&%‘:’:%{“95'"% oPpYIca 37 HBP@q?psoyﬁ

ref e[)ence. Scumnferentiab igrooven9Fi ignr the3@nteheali Blgnhmfdi aatémf% ¢or 72A
can be nt A tl r untin
dovi ce & o Menficatlc SRR T 16 NS e aHignhd B87ERY BT,
The t hr eadeidentifinalion devicee78A can demreiained in teevgrapveod47and the

7 S e g kit g a1, ol
the casing 56. ir'ﬁ@quﬁW&a Bd T i Sé |E%a%9'l '%ezsa’s Shawins Bt ent i al
groove 91 fgredtee deta#nnd MO readdr alevéce s 98 Eonfiguree to deansrhitc RH on

devi ce [R2A. L:red,.: a Ldent isfhLcatlqn. device 72A
Can be YE¢rahsfiEsibACsigfis28h ¥ Eef8iel trbQlenty o thbl Matiglidl e 07",
sui tabl e fadeviees TRf eARdngta oragejiipe BE, reseonsfdesianalscdram ireshown in

tgreat er d_eti@‘eh;tifi&blﬂohedderce@levizce A9 diuchs; otie ?bé?drtﬂé\liié?ﬂ‘fm ihtc_REieslo _
ransmn ssi o a e I . N | C L on.dgevi ces
72, and to e@% eméﬂﬁ%éﬁ?%%%éﬁ%ﬁﬁ%’hge' Eﬁghaﬁﬁdcé?i %ﬁnﬁwgces 72.
As such, thkansmiesiarevsignats ohcBudbst Fesiusnaientserthsy identifipadion

transnifg er qdice8NTRIUr T Pehden Yovice TRNSALEBEOR FIHNVESTY oft fHid St -
frequency to the identifigation

.15 devices 72. The reader device /0
i ncl udes a PRERI JREMPET, hEongﬂEée‘ieh%efe"‘f?w@orﬁ'ggéf%do{ 08r &GN si gnal s
of a secondfrequenogniront ribve tileniifiicatiori | devices @Rvices 72. Preferably, the
transmtter 73 iﬁr&f%%bgl”%et ArRASMIREr 7R Ald VESHTiYGALd t IS NPILIRILN
si gnal s such that only an L. )
relatively weak transmission signals such that only an
20 identification device 72 within a close proximity (e.g., one foot)
of the reader device 70 receives the transmission signals.
Alternately, the antenna of the reader device 70 can be configured
to provide highly directional transmission sighals such that the
transmission signals radiate essentially horizontally from the
25 reader device 70. Accordingly, the transmission signals from the
reader device 70 are only received by a single identification
device 72 as the reader devices 'passes in close proximity to the
single identification device 72.
In addition to the transmitter 73 and the receiver 71, the
30 reader device 70 includes a cover 79 made of an electrically non-
conductive material, such as plastic or fiberglass. The reader
device 70 also includes o-rings 75 on the base member 77 for
sealing the cover 79, and a cap member 81 attached to the base
member 77 which secures the cover 79 on the base member 77.
35 In addition, the reader device 70 includes spacer elements 83
formed of an electrically non-conductive material such as ferrite,
ceramic or plastic, which separate the transmitter 73 and the
receiver 71 from the base member 77. In the illustrative
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20 identification device 72 within a close proximty (e.g., one foot) of
the reader device 70 receives the transm ssion signals. Al ternatel y, the
antenna of {Rh&k53er device 70 can be configured to Pr 0¥ “gsz
directional transm ssion signals such that the transm SSI on 8 gnal’s

radi ate essentially horizontally fromthe 25 reader device 70. Accordingly,
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such as a tﬁ‘é@ﬁ%féfé?d/é}astﬂ?ﬁ!pw %n@‘i’g‘ﬁﬁ%cbq RsceE@ingd.and store |dent|f|cat|on

i nfor mation. As preyiafsts|showpli F@ﬁ)ret 48, ienteddenidentel 70 meRSI on can
uni quel y é each..cas unmeri cal
eS|

or other?t '@nsm‘ﬁteédé%? f§ﬁ "&Qﬁﬁaml}ﬂ eVPBﬁE]’@QBPep?'éQQ@S\/\gPI tB@gs t he
dept h of eachdem:mmiqn tlehdnes | 7Ed andi the ceicearerc ¥ icdor beeceiviet dheed. As

al so shown i g ﬁ:%‘éé? é@p\afsh?rorn?atﬂ%r aé@rﬁiffc%hm HRGldadeT2. 15 ThE fdaRgm tter

73 for transm Sm SsSi on Si %
device 70 can be powered by a suxtab!e power source, such as a

battery, or a power supply at the surface. In addition, the reader

20 device 70 includes a memory device 112, such as one or more
integrated circuit chips, configured to receive and store
programming information.  The reader device 70 also includes a
telemetry circuit 114 configured to transmit control signals in
digital or other form, through sofiware 116 io a coniroller 118,

25 or alternately to a computer 122,

As is apparent the software 116 can be included in the
controller 118, or in the computer 122, In addition, the computer
122 can comprise a portable device such as a lap top which can be
pre-programmed and transported to the well site. Also, as will

30 be further explained, the computer 122 can include a visual
display for displaying information received from the reader
device 70. The controller 118, or the computer 122, interface
with tool control circuitry 120, which is configured to control
the perforating tool 68 as required.

35 In the illustrative embodiment, the tool control circuitry
120 is in signal communication with the detonator 74 (Figure 3C)
of the perforating tool 68. The tool control circuitry 120 can be
located on the perforating ool 68, on the reader device 70, or at
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i dentification devices 72, and the receiver 71 for receiving the response
signals fromthe identification devices 72. The reader device 70 can be

power ed bworoipeésabl e power source, such as a battery, pergsfigwgs supply
at the surface. In addition, the reader 20 device 70 includes a nmenory

device 112, such as one or nore integrated circuit chips, configured to
receive anGlh%t @ueface.. OgMaireadenf deviid 0 is Phegramnwd dievitrenstfiital so

i tal o SRR RS byt BORIP GRSy %f%“?@ﬂfr | et Y270 S T

al t er nat el yreisponseosigmiads rezeivess framajhriridentiteationfdexices 112. c&orbe

e e e
pre- progra d(‘é’r‘\’@?ﬂga talegai%latm@xm?*e th e MRREY L%‘P% cﬁ' Blt

further expbeinbedio tz.'me:oﬁput&ncezn sadesireidude actuiateathe cpamraymgor
di P ayi ng {oROBERLAL T ROK VAH! 2688 F1e thEfeAdor b fiReTCrO TElnCBRLr ol | ef

118, or the conpute interface cont,r CIrCUIt 20, which

is confi gur@@gfénﬁﬁﬁﬂr 30 tranpsmpi rastueting t‘&ﬂm@% SdE“?le'ﬁuﬁh’@Hgi‘Bé Bn the
illustrati Vl%oﬁ?"@i&ﬁrdreaircuh {i2goko Citvet Ideftoatios UT4 T (Figh® 36),i wheingital

t th t 74 3 rf t t |
éémr#ﬂ'ef’qaoh‘p’é‘a%“ﬁrspuelmeuf%? , Bl el redon %&ﬁé aRed: 4B ¢ ool
68, on the idesdéicadion cdevice of2 aDoniame‘dO nnl/mmlm@cﬁ4J301Bg¢met he

surface. Th@ ’flﬁ’fcﬂeiﬂ Qﬁqqgevys 10661 e tlﬂéﬁﬁﬁéétloﬁoaé%%b yiggnal s to
t he tool con irc unct 0 r.es ie Si | s received
fromthe i d@ﬂme\‘m@ﬁt |t @é’sd 79\e Fgﬁp“éxa F'QUpl“H @ pen?% E

process ill ﬁé\r@xtlgl? idbrﬁifﬂ;d assifg el 50@@ theupéifogatinyg pmdmatomh

Gesi reato ﬁs el aﬁhse”ta{ S%bf’é ngoRgor” 68 HeRelds 1o
reader devi ceuplingarC4e angt o@ﬁtﬁfﬁ‘ed €0 W%ﬁ@m o aéhﬁatW%'r‘n 688in®| 58 gnal s
t hrough t he rdmlatézqatz&&ecprcw try 120 to the detonator 74 (Figure 30),

PR Y AN S el
initiated at the right time additional factors must be considered.

20 For example, the perforating tool 68 and reader device 70 can be
transported through the well casing 56 with a certain velocity
(V). In addition, the reader device 70 requires a certain time
period (T1) to transmit transmission signals to the identification
device 72 in coupling C4, and to receive response signals from the

25 identification device 72 in coupling C4. In addition, a certain
time period (T2) is required for transmitting signals to the tool
control circuitry 120 and to the detonator 74 (Figure 3C).
Further, the charge assemblies 80 require a certain time period
(T3) before detonation, explosion and perforation of the casing 56

30 occur. All of these factors can be considered in determining
which identification device 72 in which casing 64 will be used to
make the reader device 70 transmit actuation control signals
through the too!l control circuitry 120 to the detonator 74 (Figure
30).

35 In order to provide proper timing for the detonation
sequence, the velocity (V) of the perforating tool 68 and the
reader device 70 can be selected as required. In addition, as
shown in Figures 5A and 5B, a spacer element 88 can be used to
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coupling C4 is uniquely identified by the identification device 72
contained therein, and the depth of coupling C4' has been previously

i dentified ygigh 26\.9@ | logs, the perforating process can 13-bgshipridated in
real tinme, as the perforating tool 68 passes coupling C4 and enters the
section of the well casing 56 proximate to Zone F. However, in order to

i nsure that tépmwettbaapmfbraaqgerh@d a8 fromt ithe eceaden htevmght?()t ibye a

additional f % gﬁl ger@ﬂ 2R F(g m?he Fipl&%p ,{or@{é ng

tool 68 and rea eV|c ans orte he ,we caS|ng 56

with a certaiff ﬁHE’Qt 'SF’O quh b&déi)PVBn & Iﬁ%a‘i’%raG’@P’ﬂ?feVocé' E?-@ Glag@l res a
certain time toptha aslirfacs 3(}1) torarsterhatehpreerisioivm isi Figiie 66 tdam be

denti f t I t i I
fromthe 35 (MRl HETefds! MERE 0% Jgﬁ"’f*ﬁf ﬁofeﬁﬁéf%ﬁ%ﬁe 2 certain
time peri od (T2) iAs ramuiitethdtive ttparasrd}{rtam@ ajﬁaaﬁonosten@eﬂ@at theont r ol

t 12 Aot 4ol h
assonbl | o5 80Ty 160l BE EPTHd % PP%E" N e driee Spth R oe
expl osi on andeﬁéﬂﬁgs afiNdn &f stajie égépﬁé tigp 56 ﬂoﬁﬂeghese ‘?‘&"ct ors
can be gOﬂSI ﬁh( anblied tHet saideni dwyiceMH(C Bah dsatprbg raaﬁm te\venel d2sighaphi ch
casin Wi ion
contrgl OgneIPg §P§E’§ﬁgﬁﬂ?hggﬁ§5#ﬂl%rﬁgg% W‘%ﬁ% Jgfgégg gﬁﬂ%@t@ﬁator 74
(Figure 30).In3this reanedethe signadiram ﬁhe)pr@ader rawice of0 1ase b6t usadi tn
sequence, theatACkhy We Aind %1@6920&%' @ﬂoé ofle Gﬁ:rémﬁnbh@o reqoRy

device 70 can,  he selected as . .require I n addi in Fi Psures 5A

I
and 5B, a spd@ipPnalieReid sxRles] ﬁesmqeocam%'e\w tmti@tfé* y signa
PCTI USQl / 171320mpah@ idud penfrol adiroudt ti@g, G&hf ten porforatinkerioddvéseinv0 by a

predeterTSnedEi %g{l@ h g&n éstg%q)grauh%d%ggw 5A, the perforating tool 68

can be ablGve The rea ser to the surface, 60)
al ter nately as shd¥h ShovEm gitr EigEec 48.beignsindrem the reades &éﬁﬁece?(ﬁo

(i.e., farthejarf benusbd uigeaeeateOh. vidaabdisplaerimt,i yech ms adgomputer
det onat  on SEMEDGCon e RRIIRER1ZE hifln 98 idhable By URCY S P

requi red dept
the surface. The visual display 124 is titled "True Depth

20 Systems" and includes a power switch for enabling power to the
reader device 70 and other system components. The visual
display 124 also includes a "Depth Meter" that indicates the depth
of the reader device 70 (or the perforating tool 68) within the
well 52. The visual display 124 also includes "Alarm Indicators”

25 including a "Well Alarm Top" indicator, a "Well Alarm Bottom"
indicator, and an "Explosive Device" indicator. The "Alarm
Indicators" are similar to stop lights with green, yellow and red
lights to indicate varying conditions.

The visual display 124 also includes "Power Indicators”

30 including a "True Depth Reader" power indicator, a "True Depth
Encoder" power indicator, and a "System Monitor" power indicator.
In addition, the visual display 124 includes various "Digital
Indicators”, For example, a "Line Speed" digital indicator
indicates the speed at which the reader device 70, and the

35 perforating tool 68, are being transported through the well casing
56. An "Encoder Depth" digital indicator indicates the depth of
each identification device 72 as the reader device 70 passes by
the identification devices 72. A "True Depth" indicator indicates
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reached, and a static detonation sequence performed. For exanple, the
reader device 70 can be progranmmed to send a signal 10 for stopping the

perforatiwg d10d7568 when it reaches coupling C6. In thiﬁcﬁﬁ&ﬁnﬂsge si gnal
fromthe reader device 70 can be used to control the wire [Tne unit 92 and

stop the wire line 90. The detonation and expl osive sequence can then be
i niti ated Bhesaghsls deptbnof hthet deadesndeyiceci FQ@ uint reab, timet las ik is

perforatin [ | | té@n at the required depth. As
shown in F?’é&t@oj@ s?pé%&&_a?ﬁﬂétlﬁec%%gg%esr@'d vi ce Z_g Cﬂn ,be used to
generate a Vi sua'lh%li‘éiﬁl-‘af/1 C_?L'QE,aYSJ@Wf Alsq H’tﬁ%a?%ra sEP&nDonindieatdnput er
igi ~Whi PPlthat Vhdicaites &y D mpebet dor adach Hdesntifitatten déwicei Faal I?i spl ay
is titled,,:True p " aand es a wor
enabl i né p m%’ tﬂgee ﬁ’gﬁrﬁﬁsﬁ)ﬁﬁ 1% 3”&“@#%%33 !@gf?@%ﬁlﬁgﬁ%. The
visual di dptivatorsthatofurtiieuddesearibeeptaaatet ientificatiomddeaies 7Re depth
The. vi sual ibl s g 10| &SRS ST e ool ane)t pre Jlstel Mopt ' o
T0el | Al ar A IS oficlifes 2 S TimB | MAICTR BatoRAD Bhcuesd RS G
'l' EXEI osi ve dppwe cqforwdrdater . balbkwaidyr nfiorl nd@engc_tmtsrétiame orniregiewo ' stop
ights. wit y angd r i 0 i o1 0ns.
the vi a1 PiTeSFas- 1 iraflve et Vil HlEslar °1a8 ERide 6 BRI )
"True Dept Winishddndigaigsr lpgdiietarpratian,” sugh et Bantneoday” PokePE
ij_ndi ;:at or1 A readifgs, SYEsramtive npreviousiywed eléog_mewtmu lngs,add'rrtéli@red ttbeLvi sual
I spl ay ne il " | ndi cators". For exanple, a "Line
Speed" di gﬁpgl b#ﬂf@apﬁ'cg@gig e_ggbmé speed at which the reader device
70, and the 35 [Refiesriagi agaimoto ddgutes i agdt BBasisorthed embaedigrenthe vel |
casi ng 1556.ji1A8rafetf fRre it PiHE tF’érﬁPé& miedhadisth BBV CRichsdddIea dppEh of

Cdent 1 catllnsh 41 eBErable ABYT e kR NG ninliar 7 | RUPSEATLANY 1 RSO
01/ 92675 P@reVisiy 7dxplalneel aatdushoweapirh Figutend . r et rwitleviree 900 cian r eal
L rarso | GTBLEELE LI FALOU SRUHE! n62eb"brdfbed e Bl <Pl o
tubing.  If the controller 118, or the computer 122, is located at
20 the surface 60, the wire line 90 can be used to establish signal
communication between the reader device 70 and the controller
118 or the computer 122.
Referring to Figures 6A-6D, alternate embodiment transport
mechanisms for transporting the perforating tool 68 and the
25 reader device 70 through the casing 56 are shown. In Figure 6A, a
transport mechanism 66P comprises a pump . for pumping a
conveyance fluid through the inside diameter of the casing 56.
The pumped conveyance fluid then transports the perforating toel
68 and the reader device 70 through the casing 56. In Figure 6B,
30 a transport mechanism 66R comprises one or more robotic
devices attached to the perforating tool 68 and the reader device
70, and configured to transport the perforating tool 68 and the
reader device 70 through the casing 56. In Figure 8C, a transport
mechanism 66G comprises gravity (G) such that the perforating
35 tool 68 and the reader device 70 free fall through the casing 56.
The free fall can be through a well fluid within the casing 56, or
through air in the casing 56. In Figure 6D, a transport mechanism
66PA includes a parachute which controls the rate of descent of
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that indicates an | D nunber for each identification devi ce 72. In 5
addition, the visual display 124 includes a "TDS Description” indicator
that furth bes each identification device 72 (e.g d0n in a
specific cg\ﬁgggé%?& or zone). The visual display 124 also |nm% gfg;s 2a "Ti me"
I ndicator that can be used as a tine drive (forward or backward) for
denonstrati orther eﬁwﬁmg Qa@fussoaad thiel n@édigr delivevi78uit tHe seraing 188,

i ncl udes an " nf or h s a ray
or SPEreadiigasr fae, BRLECHUBY OB ) Spebiid Tl Gameif ate Cof T 1FREEE 1o
the "Digital qqrdamadorrs thecﬂaai@tﬂﬁ Referrl ng again to Figures 3A and SB

in the enmbodi nent Réf%rhhbusid areshiidaer $A07 CY h%nt rﬁﬁ%?ﬁéfe MRe{IFiPH
includes a wire Ilngggg erable by a w re | i ne ur\éh ﬁ?#e substantla Iy as
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control | er 1]§2A°%uﬁﬂea§oﬁ%l?%n§2§aﬁ érdaﬁ&%%ﬂdv@!l ant él‘éf)@ﬁﬁnéﬂ the

wire line 90 tan used comuni ca ween
reader devi cdhgosysien 04 Jat eeniigyred 11‘8 RerienmR %d?ﬁﬁh%rsg DY REPRRTS ng to
Fi gures 6A-60n #id Qvélatszpanbodl nment transport mechanisns for transporting

the perfqrating t 68 he .25 reader, devic 70 through he casing 56
Jief 53 i }'f

are showt? In Fi g aliegta® r?ecyﬁ%h %86 F’ ge¥e Eﬁ‘&g for

punpi ng a ccﬁ%ywnbm ﬂhe|WeﬂhbomngAnesunneméedulayrmmcrete t38A.cadiheg 56.

The punped c y ngp t and

t he reader d%gge %mlghrsoﬁug éé}ﬁgr%ggl %gﬁg%%hfﬁ‘e%ﬂ)%ﬁﬁfag bf%gégfgt rsazgéport

mechani sm 66F® i lengt

B%é’ omeial PIRe KYt Mbm@ewg@gcf&@t o e epot
perforating t Iccﬁ&rane4Ahe TieaowelidB2AC exiditds dreinC anf isguithemh Ls@:rtarcmwport

i gure 605 & 'él?/an@bw% Tolbifal, ERATRAGRY BE0R, b oA "BfRT A% "rhe

perforating 3Bpressanted amdonse b eéadek device 70 free fall through the
casing 56. The frP‘%?r gﬁ'r#or fitflg Pt Wa%REP @ema | ptbedsd, WiHdigystdip &g N9 56,

or through a,lr I ng~ 5 g ansport “me nlsm 66PA
i ncl udes a deﬁ ‘ﬁ‘%oﬁ?%m%qpﬁha gége o H@é‘é C&V ice 33 Rt
the packer setting tool 68A, and a reader device 70A in ssgnal
20 communication with the packer setiing iool 68A. in this

embodiment, the inflation device 98A is located on the surface
60A such that a wire, or other signal transmission medium must
be provided between the packer setling tool 88A and the inflation
device 98A. The packer setling tool 68A can include an

25 inflatable packer slement designed for inflation by the inflation
device 98A and configured to sealingly engage the inside diameter
of the casing 56A. In Figure 7B, the inflatable packer element of
the packer setting tool 68A has been inflated to seal the inside
diameter of the casing 56A proximate to Zone |.

30 The system 50A also includes a plurality of identification
devices 72 (Figure 3D) attached to the collars 84A on the casing
568A, and readable by the reader device 70A. In addition, the
system 50A includes a transport mechanism 86A for transporting
the packer setting tool 68A and the reader device 70A through the

35 well casing 56A to Zone |. in this embodiment, the iransport
mechanism 66A comprises a tubing string formed. by tubular
elements 102A. As shown in Figure 7C, each tubular element
102A includes a male tool joint 94A on one end, and a female tool
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WO 01/92675 PCTI USO1l 17152 the perforating tool 68 and the reader device
70 in the casing 56. Again, the parachute can operate in a well fluid, or

in air cwga@ined in the casing 56. Referring to Fi gur es péfrudbtr
alternate enbodi nent 5 system 50A constructed in accordance with 'the

invention is illustrated. The system50A is installed in a subterranean
well 52A, s an _oj r oduGH.QN ' ' t the
syst em 50A ijgﬁﬁogﬁﬁggpeéht §B (e)gﬁ'ér %ngﬁpatplygrpéﬁﬂtlsn{r{’éptrtgéélsagngﬁgﬁ% wel |
52A. 10 The WR2A BoAhechiiashed visl | oner @retherate Yorm |theastragspesA
Sompr 1 565 2 T b e o, o Fpokel, Setlg, 1 DR e o

. . . , s .of. a
pi pe or tubi'E‘&!Ju‘f%rﬁe%?'gaavén%ﬂgrejnmnﬁ&'a 89%9?@'%4M'%%%??"%A
ext ends f& ondiametar t ofe the uiranspodtsmemAanisrugfAgeol ogi cal formations within
the earth, which phe rdatftircaBUice] 70M 1o Mbgraiifed 1o Afariit 04 TboikrbNe

packer setting process, t system 50A__i.nCl udes a packer setti t ool 68A,

BN i nflati orSigedl do 9B fr{}fat@/mﬁ?)%ﬁe?%ttm% 3gyRtienabyad seloetegor

?ﬁyi ce ngAd! iniea’rtigoatioﬁodelvmwMB:E(Figme\ABU). t fﬁ?rpanda‘mpbettri InlgetpabkéﬁAéol n
I's enbodi . Ce; | t o) c A

such that a %@g b?&c%ﬁéﬁﬁést?ggfnea Y’brﬁ'ﬁgﬁq%s?%ngﬁréd?ém _rru@é]ﬁ‘%g&é)go | ded

bet ween kthe logeked pispimade t olthesuppal level,i af | erlrynpotdvirde g9ne the

gaC_ker Ze;tismdeoqi i98desired | 1f linfigtertha SinflatatieaPlagkBACélemenic B8 Nthe
esi gne or

flati b 18,40t | .. d fJ d
sealingly enﬁlﬁ r? tﬁlgﬁlnr]%llfatgpﬁlsmlﬁié ?{;1’5 tﬁékﬁ§€%§° g%&.’gm tbl ;E]?e%dérg, t he
i nfl at abl e pdekiee Z0Arman dfe programoiad toetransgnit cile aohtradssignah ionf | at ed

t | th is ol ' ' Z 30 Th
System 50a oy 1alidhGBLRE Bas EheRCk featifed CHISHG B8AZCM dnigdd INe
3D) att ddhedembadiment| aappacah ¢ament 884 wepatgies dhe masker seling he

reaﬁer_ devggﬁ)doesAl mratidhel epadbhedeviget FOAS0A ilnchdditiory thi@npackér

e SRyl o8 Y Bogkd AREHTRZFUEHD8, ol HAR gl cae
t he transpor¥0A.

In order to insure that the packer setting sequence is

20 initiated at the right time additional factors must be considered

as previously explained. These factors can include the velocity

(V) of the packer setting tool 68A and the reader device 70A, and

the time required to inflate the inflatable packer element of the

packer setting tool 68A. Alternately, the packer setting tool 68A

25 can be stopped at a particular coupling (e.g., coupling C5A) and

then inflated as required. In this case the reader device 70A can

be programmed to transmit the control signals to the visual

display 124 (Figure 4B) on the surface 60A when the packer tool

68A passes a coupling 64A at the required depth. The operator

30 can then control the inflation device 98A to initiate inflation of

the packer setting tool 68A. Alternately the inflation sequence

can be initiated automatically by the tool control circuit 120

(Figure 4A).
In each of the described processes the method of the
35 invention provides an improved well. For example, in the

perforating process of Figures 3A and 3B, the well 52 can be
perforated in the selected zone, or in a selected interval of the
selected zone. Production from the well 52 is thus optimized and
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mechani sm 66A conprises a tubing string fornmed. by tubular elenments 102A.
As shown in Figure 7C, each tubular elenment 102A includes a nale tool
joint 94A QpoaDseRnd, and a female tool WO 01/92675 PCT/ We@akdifibpd | oi nt
96A on an opposing end. This permts the tubular elements 102A to be
attached to one another to formthe transport nechanism 66A. In addition,

communi cat i onfi NP R | RePdle ' RPAMEE, Aefé iats, TBEHICHaly ol 848, 664

The reader degdse 70A is programmed to transmt a control signal to the

I(Ef | at i ogD;jev::ce IBLet A agd ;JFEQ%SE.VBA—QQL et eﬁ-,ulﬁdegtta'g_tg: cgpémg@b@vi ce 72
i gure . For. exanpl.e,” in e packer ,settin rocess. il | ust.rat in
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Zone |, the reader evice 70A can be pr %ramre tran rpﬁé &e control

0 d,t
signal to theetting aigodn 1g8vians 68A RRTEHalNG é&@rﬁeg?’é@)uﬁ‘f BEHOR { hi s
15 enbodi Wents@ﬁﬁﬁﬁan%eéenpfévw@s‘lysdBamalbed idre thacpackertseiting tombl 68A

dth d | OA- I th,QN, I g [
focat ed downhORe rEIgeISe7F)r  AHE: ShEC POHIErARRE daof o8 TRigRE IAL 2
that the Iackereweusliynglesniihathe i 2ddition: | Hiedcamiinatipngheoct i hés
?ddittional faﬁ{cﬁméeguﬁﬁeb??ﬁeéfidg?i%@ 726G pheviibies| yasingl Bethcliidese .
actors can ipn e _t.ne vel oci i an
t he reader de\?%%&i%%?é oy gwcteﬁewt% n@g‘g{?w d%ﬁé}?ﬁ%& %é@%ﬁ%ﬁbl e
packer el enentesdriidte  packisp skhownny Figiirec8A, thpt eombination fond pa@ker

tting tool &8 ' | G ' i
ZEA)Iggd thef% ?Yn%ﬁte c{éggrﬁie%{)@tﬁeaba@m@a% Qidimg RURIrhvly (Palspooupl i ng

éked. In t°his case hhe rtg]%der devi Csj 70A can
be progr aHhedMESNAUSRN 65Che cAHEFAtEYgnaY & (hE WG PTEVIHSY 124
(Figure 4B) odesdribelitfzampofi0 madhenisrhe geac ber etydbyed8A passes a coupl i ng
64A at the requir pt . comkal pfihat i on
device 98A to ini telﬁg?tg %anﬁhmgﬁ_gﬁﬁh%e@@’a??@erﬁ%é{i %’éﬁgg‘g}&gg‘,ﬁ?? s

Al ternatel y thetuaied asueth thaduamdailatahiepbacker islewent (ohiBei 10Ql ¥38y the
tool control gaslguttie IRding 56 at a desired depth. In this embodiment the

20 packer setting tool 132 is a self contained unit, with an integral
inflation source. As with the previously described embodiments,
the reader device 70 provides control signals for controlling the
packer seiting tool 132, and the packer setting process. For
example, the inflatable packer element of the packer selting tool

25 132 can be inflated when the reader device 70 passes a selected
coupling 64, and receives a response signal from the
identification device 72 contained within the selected coupling
64. As also shown in Figure 8B, the perforating tool 134
separates from the packer setting tool 132 and continues to free

30 fall through the casing 56.

Next, as shown in Figure 8C, the perforating tool 132 is
controlled such that detonation and explosive sequences are
initiated substantially as previously described. Again the reader
device 70 provides control signals, for controlling the perforating

35 tool 132 to initiate the deétonation and explosive sequences at the
proper depth. As indicated by the dashed arrows in Figure 8C
explosion of the charge assemblies 80 (Figure 3C) of the

-21.



(Figure 4A). In each of the described processes the nmethod of the 35

i nvention provides an inproved well. For exanple, in the perforating
process oWwof@wres 3A and 3B, the well 52 can be perf opgiRdodA1d:ne

sel ected zone, or in a selected interval of the selected zone. Production
fromthe well 52 is thus optimzed and -20 WO 01/92575 PCT/ U501/ 17152 the

Referring t Borpiind’ BR1SA0% Wb oBBniRR, iy 4085 b fid (B hand e
accor dance @Pmeret@ed@ethod of the invention is 5 illustrated. Initially,

?s lshi\gn; in IFI QUTﬁugAtheﬁ ﬁﬁ@htitbﬁ_t 'p@ﬁ\t/idé@ 1a13|91e|tﬁo@r ﬁhd?%d-sty_@t@'nct qs}al ng Ion
00 ing es:a packer se 00 a perforatin ol :

wht ch 1 unct PBHOTGRS! JA¢oHS PRRabuts o (5/0sdB8emah nges nanFdRb:
setting % oolmpeadngFpgodecti®) , framil thiee wells.or AVhilg tthel Ilb&ntkimyunas 3A) 1o
previous! v Bgag! HBseribbd MM refePentd i GURAIA! bdtelRR] efloginighiddes the
reader devi-ce 7Q ggd the %ggl 536 |nckqg§€, Idéentificatl on devices 72

(Fi gure 3D)a8uMdll 2% apPpgr B? 0§6sBltilegedR the Artacesialy chadgesn Figure
8A, the conbndatiodifitatidnsl 3an ibe mades peithedt tdepartingt frenc dke ngeoe Usi ng
the gravityqf nagspelehtibn HECHé‘fMéd“tﬁﬁ%eAfo%Wﬁ%eél¥im$.”y of the other
previously ~“descCribed transport nmechtani sns can be enployed. Next, as shown
in Figure 8B, the packer setting tool 132 is actuated such that an

i nfl atabl e packer elenent of the tool 132 seals the casing 56 at a desired
depth. In this enbodi nent the 20 packer setting tool 132 is a self
contained unit, with an integral inflation source. As with the previously
descri bed enbodi nents, the reader device 70 provides control signals for
controlling the packer setting tool .132, and the packer setting process.
For .exanple, the inflatable packer elenent of the packer setting tool 25
132 can be inflated when the reader device 70 passes a selected coupling
64, and receives a response signal fromthe identification device 72
contained within the selected coupling 64. As also shown in Figure 8B, the
perforating tool 134



separates fromthe packer setting tool 132 and continues to free 30 fall
t hrough the casing 56. Next, as own in Figure 8C, the perforating tool
132 is congselsgst such that det% E' Lﬂ sive se e
initiated su%st/ant lally as previ m gﬁj“mﬂ'ﬁAgai n t%‘eﬁﬁg’glzle@é devi ce
70 provides control signals, for controlling®the perforating 35 tool 132 to
initiate the ' pl osi ve sequences at the proper. depth. As

i ndi cat ed by ﬂﬁﬁe&g%ﬁdﬁ@m\% in Figure 8C explosion of the charge
assenblies 80 (Figure 3C) of the -21 WO 01/92675 PCT/US01/17152
perforating tool 184 farnkceRenl #e6 pBriohmisgsiaty §Semitibri i gORPERte 58.
Thus t he |nvent|on.kspro_v| des a nethod and a systemfor perform ng various
operations or“2P égge.s inwlls and for 5 irrpr_.ovigg.progjuctipn fromthe
vel I's. Wide the iproyidingn salrafecderdeecinbée wwel!l r whigtente woigg@lyai n
prezerredhenbwémﬁ@éfan% ﬂfécéi‘ﬂe'td! ab& &aew[)neabpgpm h?éewféhjd I edt! n the art,h
certain changes an | fications, can.be made witho epartjng fromthe
scope. of the i nvalOMBINEs CIASCRRE VRS PONTGNISR tA JORBTS | B \isT

01/ 92675 11114aditéliniiid W@i:11111111 1111 PCT/USO /17152 M S WHAT IS
CLAAMED IS: 1. A Sgg : r ] | | . ~conpri sing:
5 providing a fi rerF":tl wf@géitﬁ%t %géﬁﬁe?%%gﬁﬁf@%hgm%gy@‘m?héntifi.ed and

| ocat ed at0 a knowfdmiling nthecop@iiationp respansiyeaie eben dasdnicc lavded i gur ed
to | ocate theldcatinly tieeViiee davicke well; transporting the second device
through the well; and 10 controlling the operation responsive to the second

device locating the first device. 2. The nethod of claim1 further
conpri si ng transpdd.ti hjeamethod eafs cladml 1t frdfigrhcomprising trmnsportiag second

device and 18rgdds Oldol NGhidIRyIP! e SHellOOkitheIRENHR P H8¢iceecand device
15 conirolling the process tool responsive to the second device
locating the first device.

3. The method of claim 1 wherein the first device
comprises a radio identification device.

20
4. The method of claim 1 wherein the second device
comprises a radio frequency transmitter configured to provide a
transmission signal for recepiion by the first device and a
receiver configured to receive a response signal from the first
25 device.

5. The method of claim 1 wherein the operation comprises a
process selected from the group consisting of perforating
processes, packer setting processes, bridge plug setting

30 processes, logging processes, inspection processes, chemical
treating processes, casing palch processes, jet cutling processes
and cleaning processes.

6. A method for performing an operation in a well

35 comprising:
providing a first device at a known depth in the well
configured to transmit a signal which identifies the first device;

28~



| ocating the first dev thod of claim1 wherein the first
device conprises ar ’f@ n device. 20 4. The nethod of claim
1 wherei nwbhgnsesond deV| ce a radi o frequencychigngHidht er
configured to provide a transm ssi on signal for reception by the first
device and a receiver configured to receive a response signal fromthe

first 25 devi Ceprovidihe aMek8AdOteYIcd Bohfi ?é P%eﬁféertﬂé' Qflgjo‘\a@”p” S€s

a process selected consi st i or.at | cesses,
packer sett Y ot Genirebahorseeialoh) HB°§eﬁ°PR§°§0°€§%%e§QB§ oggi g
processes, i nspetranspoyting dheesecohdnidexice ttheaugmothe oseld sproximate ng pat ch
processes, @tthﬁuflﬁétnﬂeﬂbgcea?ﬁfs and cl eani ng processes. 6. A nethod for
per form ng anoeralﬁn I n well 35 conprising: providing a first device

at a knotn dept hCPRLre E‘g/veqhe eRArAtAN ctesRONSIVAS P t raceptionl ofnithe
identifies sigmal ibysthal@ecend dewWldeWO 01/92675 CL MS 11 |I* PCTIUSOL/ 17152
provi ding a second device configured to receive the signal and to control
the operation upon reception of the signal; transporting the second device
through the wel | 7pr oXheatreethad t ok ¢laimt &levherginatbies sesondoldevige t he

operati on reém@e@éq%wt O r‘éfcehhﬁ ﬂ’aélnéw'bnﬁl’ 4RG aCHAMSntifgkce.

The nethod?ggalmt“iMerelntB "@i 8 ﬁ ‘3 npri ses arecelver for
recei vihg t AOSEIING & secepdnsianal tq rst 48RPt ti ng a second si gnal
to the flrst device. 8. The nethod of claim 7 further conprising

transporting a groggss nt\QfP*odt BF Ri9in t P Suble ?. %Iin ngpg,r q%% qﬁa ge and

controlling the rocess e, signa oper ati on.
9. The net hBECCH sE:I tgoh 8"5\% Rghé"’ﬁuoé"gﬂ'& f"(‘)%l seconst i devicg @Rdor at i ng
t ool and theoatrgﬁmglthelprmss pexdlonsingigthe signal to perform the

15 operation.

9. The method of claim 8 wherein the process tool
comprises a perforating tool and the signal initiates a perforating
process using the perforating tool.

20
10. The method of claim 8 wherein the process tool
comprises a packer setting tool and the signal initiates setting of
a packer element using the packer setting tooi.
25 11. A method for performing an operation in a well

comprising:
providing a process tool;
providing a plurality of spaced, uniquely identified
identification devices in the well;
30 providing a reader device configured to read the
| identification devices and to transmit a control signal for
controlling the process tool;
programming the reader device to transmit the control
signal at a selected identification device;
35 transporting the process tool and the reader device through
' the well; :
reading the identification devices using the reader tool; and



process using the perforating tool. 20 10. The nethod of claim8 wherein

t he process tool corrprejmmlzﬂuﬁm ﬁﬁlﬁﬂﬂtl ng tool and the signal initiates
setting of w@opaghker el acker setting to@lerndfdls: A method
for perform ng an operation ‘in“a el conprising: providing 'a process
"tool; providing a plurality of spaced, uniquely identified identification

devices in the m'trané?m%ﬂ%ﬁ' dltﬂg acroqﬂgg[ d?e;:g(ﬂcaq c%qfl f#éedste‘? ek t he

i dentification devi gnal controlling
the process t@entifipatignafdpvies ﬁ%ecqrgeme#h%ew%ssotqqlaﬁ% peg ﬁémc@h?rol
signal at a sghggdtpsh.identification device; 35 transporting the process
tool and the reader device through the well; reading the identification
devi ces using the reader tool; and -24 WO 01/92675 | I~1 I I I | ~~ ~ ~
'l PCTNSOI% 17152 12 ans'ﬁhet mathote of ontaiml &1 gwhkerain tthe pedesssdicol

I dentificati O%ﬁ‘ﬁ¥‘h8§ ‘é%tr%\ﬁll\ t %1 P &mﬁ clo%h R ggj;é‘srgﬁq%&he the

oper ati on. aim1 ein the pr conpri-ses
a perforati ntheébI confi | gured to formopenings in the well. 13. The net hod
of claim 11l wherein the process tool 10 conprises a packer tool configur ed

to seal a portion t 4. . The. . pet.hpd aiyn,1 [

process tool corrprﬁeshghgehiﬁmggj (% F%&ﬁec{;ﬁfwﬂ]é{gh tme ér&@%rsf fﬁq{fl pl e
oper at i onk? | ncemeriges| a packes topheopfigHms &@ %9 |"71nlil%’t‘ﬁﬁe?femﬁ vl
transporting step is perforned using a transport nechani sm selected from

R 1 gggz_sﬂ PfethbBedr BURS: 1P ABFSin RABAEISLESs &Y
comprises combination tool configured to perform multiple
operations in the well.

15
15. The method of claim 11 wherein the transporting step
is performed using a transport mechanism selected from the
group consisting of wire lines, pumps, blowers, parachutes, coil
tubing and tubing strings.
20
16. The method of claim 11 wherein the transporiing step

is performed by gravily.

17. The method of claim 11 wherein the operation
25 comprises a process selected from the group consisting of
perforating processes, packer setling processes, bridge plug
setling processes, logging processes, inspection processes,
chemical treating processes, casing paich processes, jet cutting
processes and cleaning processes
30
18. A method for performing an operation in a well
comprising:
providing a well casing comprising a plurality of radio
identification devices located at spaced intervals along a length
35 thersof;
determining a depth of each radio identification device
within the well;

-95.



by gravity. 17. The ne mhereln the operation 25 conprises
a processwoahosged frome sting of  perforabirhQoirpBRESSES,
packer setting processes, bridge plug setting processes, |ogging
processes, inspection processes, chem cal treating processes, casing patch

processes, et dmgtgrﬁfa%%@sswdc&tf@gbagw df&f‘ojoﬁfftgﬁo op8ratigr™ hod

for performn eration |n%fa risin I'ng a casi ng
conpri sing & % ted gortion; th?ieW?"f P@%’Fgoﬁ’r%mfgésm o%a%@@c’éﬁd spaced
interval s ateailg démiii¢dtiodSdevicegof ; deternining a depth of each radio

W0 01/ 92675 ‘é”Ldﬁﬁa\ﬂgfcﬁ&s“%sgéé‘q%?%%ﬁoaﬁ%&1?%”@%@*%% P8l ed o

per f or m% heldepdifigation  devicesel ected portion of the well casing proximte
to a selected rmdving G!ﬁét gfddé%b' fSbldaMUC the -realePVdéling mréﬁgHthéﬂew ce
conflguredt0|dent|fy ch radio 5 identification device; ving the
process t ool'® gnﬁa 'RE: ¢ er device through the well casing; and

control ling the gordcelingt e process ftophwtphpeofmrratthenoaeraﬂw eﬂethﬂ:t ed
porti on whege[chted eBQ?t"or‘i’eWH‘eﬁr | thePI@AUER! Aeiviod 1 prdxhAbs i 0

dentifj cat f cl 18 d t

Step  dprySEetdordia . [RTlRA, dpdtede a wel | |og and aice?t aining
t he depth usi ng the well log. 15 20. The method of claim 18 further
conpri sing estabjg shifpg RefhdeObf GhirhNes"fherdiil B | ARHMIihg sidP™ the

determ ning step
comprlses logging the well to provide a well log and ascertaining

the depth using the well log.

20 16. The met hod of c ﬂl%ﬂﬂl e| n the transporting step is perforned

15
20. The method of claim 18 further comprising establishing
a record of the well using information from the determining step.

21. The method of claim 18 wherein the controlling step is
20 performed dynamically as the process tool moves through the
well casing.

22. The method of claim 18 wherein the controlling step is
performed statically by stopping the process tool prommate to
25 the selected radio identification device.

23. The method of claim 18 wherein the moving step is
performed using gravity or a transport mechanism.

30 24. A method for performing a perforating operation in a
well comprising:
providing a well casing comprising a plurality of couplings;
placing a plurality of radio identification devices in the
couplings configured to transmit rf signals;
35 providing a perforating tool configured to form an opening in
a selected portion of the well casing;

-26-



21. The nethod of claim 18 wherein the controlling step is 20 perforned

dynam cally as the process through the well casing. 22. The

met hod of GgglsikS Wher ei nMﬁ l%m @m gﬂ step is perfq,r opiALk) cally by
. i s

stoppi ng the process tool proxt t he sel ected _
I dentification device. 23. The nethod of cl ai m 18 wher ei n the novi ng step

Is perfornmed usin L. or_a transport mec hani sm, 30 24. A d for
performng a perfo‘?‘ﬁ% ‘ﬁ&gop%rétt%%{ ?‘I \ércev\eqqn sIPndecﬁirV(?vl@\E a wel |
casi ng conpri signgls fsoor dhet yadip G@@ﬂpﬂlf!wg}n (ﬁﬁ\aceagaadpkwwmtﬂ‘q! dher adi o

Identificatio t I cemn dtotransmt rf srgnals
35 providing geggréftgg%ggﬁgrtagpo@gﬁ tdqgﬁgdﬁt %i@%ﬂ&

I openi
sel ected portion of i pgrfo W@\d@q}/ @2@75*'&9 readet dewce
llllllmllﬂ_ll‘fhl’ﬁ}ﬂtgﬂ.lthb R@Tl bi&shh ;]_EHEQ M S providing a reader device

f d d d
and to contro rfﬁiégfﬁgtrﬂﬁsath%&tgﬁétﬁﬁgfs3@‘3&“@%58 i of e Rl o' O
transporting fare rﬂéﬁf@ﬁ%’tmﬁg tool and the reader device 5 through the well
casing; and controlling the perforati ng tool using the reader device to

form the opening Zﬁyturther c.o | Si ng spacing the
10 perforating toofg'frcﬁ#t tB%‘gd‘g{ gaé’\ﬂ ?é” '?PSQPME s&&gﬂ‘&%ﬁe%_ The
met hod of1@| aperfareting toelr froonphe sieaglededeviaei g & rwtepxeeﬁodratamga.t ool
responsive to a control si gnal fromthe reader device. 25 27. The net hod

of claim24 further _ co ting. . the perforatjng tool during the
transporting step. é@-S D'%?e t%ﬁ’g gfaélrﬁr %Zﬂ‘rﬂfﬁfr EPRIRYISEY rcgﬁ@ﬁ@?'f‘gng step
20 i s perfornidt: uperfgrating atsgonespeabive st 29 cofitrel melgmd éforal ahen 24
wherein the transnopbig. step
15
27. The method of claim 24 further comprising detonating
the perforating tool during the transporting step.

28. The method of claim 24 wherein the transporting step
20 is performed using a transport mechanism.

29. The method of claim 24 wherein the transporting step
is performed by free falling the perforating tool and the reader
device through the well casing.

25

30. A method for performing a setting operation in a well
comprising:

providing a well casing comprising a plurality of couplings;

placing a plurality of radio identification devices in the

30 couplings configured to transmit rf signals;

providing a setting tool configured to seal a selected
portion of the well casing;

providing a reader device configured to receive the rf
signals from the radio identification devices and to control the

35 setting tool responsive to the rf signals;

transporting the setting tool and the reader device through
the well casing; and

controiling the setting tool using the reader device.
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Is perforned by free falling the perforating tool and the reader device

t hrough the well casing. for performng a setting operation
in a wel lwoa983rs Si ng: rlmlaﬁl‘ﬂmﬂmglﬂ asing conprisi pgrRsiidial ity of
couplings; placing a plusaldty om radie identification devices in the 30
couplings configured to transmt rf signals; providing a setting tool

configured to seal a selected portion of the well casing; providing a

reader device copfig d recegv f ignals f.romthe radi

i dentification dﬁri cgrg%aﬁ'ﬁi&th(? c8ht$§'lir#ﬁ1i fugg'ege‘fqmﬂﬂsml‘qpﬁg%ﬁg?ve to
the rf signa¢iingt teoisisom ithg readesedeving by selectelde distades. devi ce t hr ough
the well casing; and controlling the setting tool using the reader device.
-27 WD 01/ 92675 1111111111 11&11%11 1111 PCTIUSQ /17152 "C L M S 31. The
method ot claim2® fu I?erméb?f‘b i Of nGlaimL3Q gwheareincihe ngetting taddm t he
reader devi cempyisessel qrackbrdisstiing etood S@mprisingreamoihikitableaipackerwher ei n
the setti ngeFeQﬁEn conpri ses a packer setting tool conprising an inflatable
packer el enent. 5’3. The nethod of claim 30 wherein the transporting step
lo is perforned using a transport mechanism 34. The nethod of claim30-

wherein the. .trag@polMhengneitwid ofscléml Gomatheviri RBe fréhbgaﬁiﬁghesté tting

ol ai m 30 wn: BEFRFineC el HBebort et RAsHrL Mg ol dg setting tool .
36. A nethod for performng a first operation and a second 20 operation in
a wel |l conprising4. prThg dhethcd RIfueklit sooﬁvhménuahy.iraﬂabbmry step .
| dentificat joR EHlaiPhy Hed' filiRh BRASEHid 1S 2y Bhe MfeRla, TRlig W i
through the well casing.
15 .
35. The method of claim 30 wherein the setting tool
comprises a bridge plug setting tool.

36. A method for performing a first operation and a second
20 operation in a well comprising:
providing a plurality of uniquely identified identification
devices located at spaced intervals at known depths within the
well;
providing a first process tool configured to perform the
25 first operation;
providing a second process tool configured to perform the
second operation; '
providing a reader device configured to identify each
identification device;
30 moving the first process tool and the second process tool
with the reader device through the well; '
controlling the first process tool to perform the first
operation when the reader device is proximate to a first
identification device; and
35 controlling the second process tool to perform the second
operation when the reader device is proximate to a second
identification device.



wel | ; providing a firstiﬁrocess tool configured to performthe 25 first

operation; providing a ,}wﬂ‘m)MEm}M| Cecggm ?;L?gdt ?gierfor/ﬁ;éh:ach

second Oper@h hfMddg7sPr OVi
|dent|f|catyl€%n evi ce; 30 novi hg "thé ftrst process tool an e second

process tool wth the reader device through the well; control ling the

first process tool -,to ekl g{eérw%? eof idaiin %I?érbﬁpéﬂgeﬁrstth gefocgew ce

S proxwratetoa i rst i cati on VIC 5COI’1

second proces8Ndd§e ﬁﬁcﬁﬁﬁfBWﬁeﬁﬁet%cWﬁd ”“Bﬁ aﬂ%ﬁh%éﬁ Plﬁ% @‘é%t deV| ce
i's proximate sndasspaeniad itganden dakl dirstleidientificallBn\WAA¢PD 2818 the

1111111111111 S01/ 17152 L Mg 37. The nethod of
claim 36 V\hergéé#l%]}ﬁ%‘}' %&&&% @gﬁcg

proceéss. tool and the second process tool are
initially Jttached to one another and separated between the first

identification devige Ih@d hiwthodesLrthind®B WHetal Qﬂed@éHC@aan@Ss ghe
rises,a . wel

nmet hod of cl aj 6 wherein

i dentificati ofi®fevi @eséngonﬁé’?sevg%mlﬁ n?(%ht |qe?‘6'§lef’on c(%ﬁPE’%? oﬁaﬁ’l@ wel |
casi ng. 10 39%ideThéicatichodevites| annit@ wdlkrosising.he reader device conprises
a radio frequency transmtter configured to provide a transm ssion signal

for reception by the i tlflcatlon devj ce and a receiver configured to
recei ve résponse s?%naldﬁ"q rHetheR of dﬁ%@fﬁ%awh@ﬁeﬂb\;héei‘?a‘i@' MAEVIGRe

nmet hod of cl acompfisebeaneradivhérdguesicyofrangtitier mﬁguf reds i@ packes getting
process and t nO | roc 0 41.
process an Ofﬁspéﬁ‘;&gg ORSEAAT B FAUBNGH Sof AR T RII RN Feliced
a receiver configured to recewe response signals from the
rdennf;catton devices.

15
40. The method of claim 368 wherein the first operation
comprises a packer seiting process and the second operation
comprises a perforating process. :
20 41. The method of claim 36 wherein the first operation and

the second operation comprise a process selected from the group

consisting of perforating processes, packer setting processes,

bridge plug setting processes, logging processes, inspection

processes, chemical treating processes, casing paich processes,
25 jet cutting processes and clsaning processes

42. A method for performing a setting operation and a
perforating operation in a well comprising:
providing a setting tool configured to perform the setting
30 operation and a perforating tool configured to perform the
perforating operation;
providing a well casing comprising a plurality of radm
identification devices located at known depths within the well;
providing a reader device configured to raceive rf signals
35 from the radio identification devices and to control the setting
tool and the perforating tool responsive to the rf signals;
transporting the setting tool, the perforating tool and the
reader device through the well casing;

-29-



t he second operation conpr.l selected fromthe group consisting
of perforating processt\iﬂl‘i@ﬁkﬂlﬁ%ﬁ g processes, bridge plug setting
pr ocesseswo @@@gg769 pro L CtkOn processes, Ch@@rﬁ)%bl/héﬁati ng
processes, casing patch processes, 25 jet cutting processes and cl eaning

processes 42. A nethod for performng a setting operation and a

per;pratlgg oper gshiebliing Qhé\/e%d_;ttiﬁgﬁmmlswgp?ﬂbﬂw ﬂtj@@sé’ttiﬁ tbpte,aatli@ﬁ)' |

configure erfor sef.ting . operation and.a perforati 00

confi gur ed {Ng“_%er.t}'%r :He%aﬁgr gé}”f%r a[?lggﬂ’e(%peq afl ris6n,raf ﬁrl%nvglgifl:ﬂj“a ath;,“l%lsttcasi ng

conpri si ng ragipbuidéntifjcation «dpgwice; @t i fi cati on devices | ocated at known

depths within th i VingH e\ N§u| QU receive rf
SoMftblling RheY i rfiraBingea66[ 1@ Beifori?! fH&Oﬁ§ﬁ8fé’(tuﬁl

signals 35 from.t he radiqldea:dgfgl at.’on deyi c (f‘ n setting
tool anc® t hAPRERUQ} Whely theofeades (IRdre Jracsvas: ar fie%‘?@‘id’l signal Forti ng
t he setti ngat setondhmdier idendification odévigad t he reader device through the
wel | casing;, -29 WD 01/92675 ¢ PCT/US01/17152 <controlling the setting
tool to performthe setting operation when the reader device receives a
first rf signal 43omihef meghod rafaelaim addtwherein ithe sritingetoohrandcdine rol 1 i ng
t hedper f or.apepdraing &@opeerrbordaﬁtfamqwrérlﬁ)r ?t icBenbiRafiBAr 3bbpgar\i@earé he
reader Vi r i V&S C kS Signa om,. a,.second.radi o

i denti fﬂgat %gﬂagagt%fjc%et_ﬁ'f.%%]'ﬁﬁg_nélmtoc@g ° cﬁd’ginﬁ‘lf'&gt'ﬂﬂer%vhcq nandethe ng tool
and the peseeeadi radipoideniificadion: gleviee.on a conbination tool and are 10
separated between the first radio identification device and the second

Gevi ce 15 at tackbn 14 HESHaY st PRI Kac el dhe EadaluBuRe 5 crop.
15 45. A neaHadhedrta itpeopergratingidec! shuring dhe olransporing wé¢p. conpri si ng:
providipg a first device at a known depth in the well configured to
transmt a sl gnahsymlAC%ét%%ﬁt #ofrI |'errsnprtor\]/?ngf 'prrgctjugt?gﬁ Cn(%;an oil or gas well
comprising:
providing a first device at a known depth in the well
configured to transmit a signal which identifies the first device;
20 providing a second device configured to receive the signal
and to control an operation within the well upon reception of the"
signal; .
transporting the second device through the well proximate
to the first device; and
25 controlling the operation responsive to reception of the
signal by the second device.

46. The method of claim 45 wherein the second device
comprises a receiver for receiving the signal and a transmitter
30 for transmitting a second signal to the first device.

47. The method of claim 45 further comprising transporting
a process tool through the well with the second device and .
controlling the process tool using the signal to perform the

35 operation.
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20 providing a second device confi o receive the signal and to
control an operation w tgmguﬂmmﬁm& h reception of the signal;
transporti econd de e wel | proximat Ll i st
devi ce; an%@wégﬁt rolling the operation responsive to rggg%{g?lon ‘3f t he
signal by the second device. 46. The nmethod of claim45 wherein the second

device conprises r eee r hiMEAAQ 4E | I d nspiter 30
for transnittoi@gg é%s'ecgﬁ{(f %gaﬁdtgﬂéﬁéhﬂi rgg?qg(fgéé% ﬂZé;-p héedg’r%eftﬁgzj of
clai m 45 fur t9RRPERHE NEfiprEtagsiaal 1 ang the sianadsivitialep anpedgrRiing wel |

Wi th the secqndcdsyiusingnihe perforalihg ngol.ne process tool using the signal
to performthe 35 operation. -30 11211ii1122i21 iii211111 11 Wc) 01/92675 c

111ii1 PCT/USQL/ 17152 _48. The nethod of claimA47 wherein the process tool
conpri sesSa perf o i ng heoonelind t ok &rijnakd7i wheminsthe ppracsss: itagl

process usi NGdrhgrifsy TP Rickas dfthg ot %and BeBighad iAltistbai satlAgWBer ei n
the process tool . conprises a.pacgker setting..too ?nd the signal “initiates
setting of & ackEr Lrweon il 68 peSisiRdthGeladfng ool - 20 A met hod
for inmproving production in an oil or gas well 10 conprising: providing a

wel | casing conpriggin | i LK Tih 1 &Rtd; d%é/ | ocat ed
at spaced i nt ervals,?, a%ﬁ’&&ﬁﬁ%ﬁ ﬁnﬁ{t}r@?@cﬁ‘}?ddet er r§1 nﬁgd!g%ée t%}gg?l each
radi o i défti fAUAPI'EH*Hevice 15 within the well; providing a process tool

configured to per fpoovicimg openaell onashtyg acemipeisingl porpluralityf afheadid |

casi ng proxi f 10 . b HC 8l e . PraxkLei ng a
reader devi cgat%gtr'] %ﬁ%?%&%e;ﬁ??géycpe%ﬂ%ﬁrhggpomtg%l%eﬁt| cagtl%ﬁmdevi ce;
movi ng the prtB&&88Tit ool and the reader device through the

determining a depth of each radio identification device
15 within the well; '
providing a process ool configured to perform an operation
at a selected portion of the well casing proximate to a selected
radio identification device;
providing a reader device configured ito identify each radio
20 identification device;
moving the process tool and the reader device through the
well casing; and
controlling the process tool to perform the operation at the
selected portion when the reader device is proximate to the
25 selected radio identification device.

51. The method of claim 50 wherein the determining step
comprises logging the well to provide a well log and ascertaining
the depth using the well log.

30

52. The method of claim 50 further comprising establishing

a record of the well using information from the determining step.

53. The method of claim 50 wherein the controlling step is
35 performed dynamically as the process iool moves through the
well casing.
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wel | casing; and controlling the process tool to performthe operation at

the selected portion H H vice is proximate to the 25
sel ect ed wadii@2drslent i f.“@ﬂﬂm "”imﬁ EI “ﬂ . The nethod of pglrajshi/dsvher ein
the determning step corprfses I'ogding the well to provide a well |og and

ascertaining the depth using the well log. 30 52. The nethod of claim 50
further conprisi sy, esTh®! inekhed ofacla@@obd whevdia ¥Rl lcomdidliing f‘sft@ﬁm%t I on
€

fromthe deterni 5 T of ¢l ai 0 wherein

control i ng F’s‘{rmggsé{aﬁg‘?%'% @d%@ﬂgﬁi;ﬁey pég)c?hg] g‘?%‘cé’gg"{’%{e Sves

t hr ough t he theekelagiednadio3idemdifcatore devige. 11111 1111111111121121 11 il
PCT/USO /17152 C L MS 54. The nethod of claim50 wherein the controlling

step is _perfor statically b topping th rocess tool, proximate to
the seleCted r ag%%'i dgﬁ?lel ﬁ'%ti‘(oldgr? dg%r'j@e.%os 2ref e (MBWNG: SteRi 18 50
wher ei n t he parformed tuging sgrayityf or redranspart gnecharism. a transport

mechani sm 56. A systemfor performng an operation in a well conprising:
10 a process tool_configured for transgort, t hrough the well; a plurality of

radi o identificatfon dbviEieM e PHUONPRG RN PPSIEHPE 4P howelldept hs

in the well coonprigiigd to transmt response signals for uniquely

ent it Fa | AT S€ S . .
conf 1 guild for t Pabiagetd dRpl seftiohien £F fisoSCut @Pﬂgr e Helponse
si gnal s from t he @ divelityeat irepiatidentifieriion cdeiges f catemt ablapaegd he

plr Opes§6t 33'infe_?rSQImSéat/ekrﬁ@wthieﬁtmpr€h§i mlj%orﬁg%xﬁéd Tiae tw?ém:im 01;8
The. system O SEPaRE, soTRTH 1oL UhBRsiY JoRbECHCsbE. PR RS Bsh T gur ed
to nove the dgviggssa@ndool and the reader
15 a reader device configured for transport through the well
for receiving the response signals from the radio identification
devices and for controlling the process tool responsive to the
response signals.

20 57. The system of claim 56 wherein the reader device is
attached to the process tool.

58. The system of claim 56 further comprising a transport
mechanism configured to move the process tool and the reader
25 device through the well.

59. The system of claim 56 wherein the reader device
comprises a receiver for receiving the response signals and a
transmitter for transmitting transmission signals to the radio

30 identification devices.

60. The system of claim 56 wherein the process tool
comprises a perforating tool and the control signal controls a
perforating process.

35

61. The system of claim 56 wherein the process tool
comprises a packer setting tool and the control signal controls
setting of a packer element.
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25 device through the well. 59. The system of claim56 wherein the reader

device conprises- a receiver for ' the response signals and a
transmtterngydey, Hansnittiﬂﬂmu &5‘“& gnal s to the pegfisti/i789

. T WO 8192675 : P S0%/17

i dentification &eV|ces. 60 L - of= claim 56 wherein the process too
conprises a perforating tool and the control signal controls a perforating

process. 35 61. The systemof claimb56 wherein the process tool conprises
a packer setting tool d the control ,sigpal gontrols . setting of a packer
G bent. <32 o 06 826759) Syl | Sl OB e oMt dsaorHBs 1 ¢ L
S 62. The sysinemighakl @mmimitatiomewitbortbei seagea dewjnet esompriskiggnal
conmuni cat i on W i LS| i | y generated
usi ng si gnal g\/;%%!&dﬁﬁaj g%gé;ra%?\;iu%@&%%léﬁ%gﬁ%%%@%?%ﬁ%% ng an

operationin a well conprising: a well casing conprising a plurality of
tubul ar el ements g®ined byydrasi Nbrc@arfomeing 14h aopeesiess 1wok agefli gur ed
for transport _through the well casing; a plurality of radio identification

devi ces | ocat &Y &H! .Plg: couplings and configured to transmt response
signals; and a realewsliewastngt ceivpesing ahplpebtiesef tlobulamelemenitgur ed

15 to recei ve f ' fromthe radio identification devices
”,iowfd R RABRR %b??ﬁr:g%sr,

and to transmt control signa .contrqlli t he ocess tool. 64. The
syst em of+&| ai m 68 \AH%%?QRHB r%%nqu*‘&énSPf i Q’g{‘?Bﬂﬂ %r c%‘? HEPri se

radi o identifcasgingon devices. 65. The systemof claim63 wherein the reader
devi ce compri ses ?Rﬁéﬁtg r@ﬂ%@ﬂ&% itd%?]\ﬁﬁ%gbﬁr o%%é@w;o%gté@ BhoYkEe a
transm ssion signal for r ce\ptlog Y the radio - 1denti lJcatldon
couplings and configured 10 transmit response signals; an
a reader device attached to the process tool and configured
15 to receive the response signals from the radio identification
devices and to transmit control sighals for conirolling the

process tool.

64. The system of claim 83 wherein the radio identification
20 devices comprise radio identification devices.

65. The system of claim 63 wherein the reader device
comprises a radio frequency transmitter configured to provide a
transmission signal for reception by the radio  identification

25 devices and a receiver configured to receive the response signals.

68. The system of claim 63 wherein the process tool is
configured for transport through the well casing by gravity.

30 67. The system of claim 83 further comprising a transport
mechanism for transporling the process tool and the reader
device through the well casing.

68. The system of claim 63 wherein the transport
35 mechanism comprises a mechanism selected from the group
consisting of wire lines, pumps, blowers, parachutes, coil tubing

and tubing strings.



25 devices and a recei vmrflgured to receive the response signals. 66.
[+

The system of claim63 s tool is configured for
t ranspor twolmmegh the we Jm’m | ty. 30 67. Thecexsé@maf claim63
further conprising a transport nechanissmfor transporting the process tool

and the reader device through the well casing. 68. The system of claim 63
wherein the trar$$>.ortTheS5yemha¢ﬁ ehaigpBY iferdben omﬂmslngrrasebﬁmmdrf romthe

group cons f S I ubi ng
and tubing % il"ts ﬁﬂaP °§%‘“§“ cgﬁ?r‘ Wi, Vﬁ’ #ﬁévﬂ%&%zg&i’ﬁ”%ﬁﬂ AT
PCTI US01/ 17‘_¢J§Eal @SP"FMe%%E?éﬁdoﬂS'BQamﬁ epntialt signatsonpri sing a conput er
I n signal conmunication with the reader device conprising a visual display

gener at usi ng e y rforating a well
casi ng gégrrprl Si n%(sl aﬁ\oré’l&%geﬂt Pﬁ%@%raﬁé‘érﬁ @?ﬁ §£§%| gﬁg{%‘?ﬁf‘%f char ge
assenbl i es; a plarPperfgratingadiosli romprisingi oa dqdurabty aofacthearge t he
wel | casi ngaggeﬁﬂﬁpegd intervals at known depths in the well - so casing and

configured to trans f s r deyice att ched to t
perforating tool aaHH']"a‘@éhf‘i’g %Pgb" t@%r"é@&?@@nt P‘Fé"r“l"e%l arled, oy H’h% radio
i denti fi cat wefl aiaeswmgeataapacedcnﬁermlsd@ttmkamm d»éptﬂ'ise inhahge wsléenbl i es

responsiye basingeahli ebANghiEd 30 hrdRshit HARIRRAS, mechani sm for transporting
the perforating™toal he reader ,deyi hrough thg@g aS| n 71.
a

The system of cl&i ﬁ??se\/\/h é(l'cﬁet pitaghed ¢ ty of
col | ars andcohiiguredi doi deegivei the ntﬁnagttalslef\roneghar eadiot aaidemmctaimme

collars. 72qoRR& sezﬁaeba%% ﬁwmgé%ﬁ ibRebiC Conﬁng %%bﬂﬁ\ggona;e e

si gnal comrum cat | on Wlé‘ evi ce an
char ge assefffipoasivedozine setting a setting tool in a well

casing 15 a transport mechamsm for transporting the perforating tool
and the reader device through the well casing.

71. The system of claim 70 wherein the well casing
~ comprises a plurality of collars and the radio identification
20 devices are attached to the collars,

72. The: system of claim 70 further comprising a detonator
in signal communication with the reader device and configured to
detonate the charge assemblies.

25

73. A system for setting a setting tool in a well casing
comprising: ' ‘

a plurality of radio identification devices attached to the
well casing at spaced intervals and known depths and configured

30 to transmit rf signals;

a reader device attached to the packer tool and configured
to receive the rf signals from the radio identification devices and
to control the setting tool responsive to the rf signals; and

a transporting mechanism for transporting the setting tool

35 and the reader device through the well casing.
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conprising: a plurality of radio identification devices attached to the

wel | casing at spaced miauw”mMEMH depths and configured 30 to
transmt rfyghonahs,; ched to the pac nd
configured to receive the rf si gnal § ffomthe radio i de%t%lrrf[}sglg{nl%n devi ces

and to control the setting tool responswe to the rf signals; and a
transporting mech 'sm.hsr transpo 35,,and the reader

r .the.( etthing.to?‘I |
device through th gsf’xae 3& ¢ 7 1 PNSren h‘i 9 \Mfafl Gasing | W c)
01/92675 L McorroniNesl/a7pBaaity lﬁheceyatwrraod ¢hai ma@® wibrrdificatien wel |

casing conpr, eﬁﬁ;&i hULALE 8 | nd the radio identification
devi ces are adt tac sgcfﬁto th e%%quars c@'ﬂ%g{i‘ The system of claim 73 wherein
the setting tool conprises a packer setting tool. -35

5 75. The system of claim 73 wherein the seiting tool

comprises a packer setting tool.
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