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‘A perforating process is one type of downhole operation
20 that is used to perforate a well casing. A conventional
p‘erforating process ,_‘is performed by placing a perforating tool
(|.e.‘, perforating gun) in a well casing, along a section of the
casing ‘proximate to a geological formation of-interest. The
p.erforatmg {ool carries shaped charges that are detonated using a
25 ISlgnaI transmitted from the surface to the charges. Detonagon
of the ojharges Creates openings in the casing and concrete around
the casing, which are then used to establish fluid communication
bet\.-'veen 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 case, a
‘Packer can be placed within the well casing at a desired de;:;th
and then set by a setting tool actuated from the surféce Othe;
35 exemplary downhole operations include the. placement ofr logging
toolsl at a particular geological formation or depth within the
well casing, and the placement of bridge plugs, casing ‘paiches
tubulars, and associated tools in the well casing. ' ’
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to perform the downhole operation. 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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10, cased . hpkédl,ganma ray readi ngs 44 are made, and a casing 25 collar |og

42 is al so referred to as a PDC
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permits skilled arnsans to ascertain the oil and gas
contarnmg formations within the well 10 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 Usfng 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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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
ditfferent {e.g., 7010). Also, the tool operator may position the

25 1ool by compensating a desired amount in the uphole direction,
when in reality the downhole direction should have been used.
These computational errors 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 necessity for complicated and
expensive correlative joint logging and wire logging techniques.

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 accurately ascertained and used to control the
operations and processes.
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accordi ng to t he nethod, inproves the well and i nproves production from
the well. %mé,l S mév!ﬁvgrﬁtﬁgﬂl rrent the method is used to perform a
perforati ng proce production well. The well 25 includes

a well bore, and 16 \ﬁ&qorééﬁpﬁg,w%‘ktﬂ?ﬁhIhlg?\‘-’ferl’timlla‘nel@mm hen neethaebsaad sar f ace
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| engt hsj_gf pn'P}:?ro?frthUbbpgdﬂc ioh fnogeteq?s ecapsrlon?dgg ‘Exemplary
operations that can be performed using the method include
perforating processes, packer setting processes, bridge plug
~setting processes, logging processes, inspéction 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 perforating 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
coltar 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



The met hod includes the initial step of providing 30 identification
devi ces at spaced intervals along the length of the well casing1 me 2
identification devices can conprise active or passive radio id ntlflcat|on

devi ces i n¥P0dI%2erSi n each casing collar of the well casingcrhagh5a4i 0
I dentification device is unlquely identified, and its depth, or | ocation,

within the ac yas ertalnedb correlation to well | ogs.
Sinmlarly, w@é’c% 'cgsﬁ-h ofj gaghi gaelrg md%ér. fnddidgntifieaticndi device

|dent|f|cat|l§ne§é&bh%hednt ai ned therein, and a record of the well 01 DEC
2004 WO 01/ 92675 I R oH e th of each casing collar
and identificati oﬂ%-e i ceO;Hl ?ést gﬁ{ﬁmgirﬁasg tthﬁnesd(ﬁg d PEP¥KINgc Pud@adare
step of proHTH fA\: eﬁ”?‘ea@e?ranée'@lrtéﬂeéhdnasmr&nspmotrmlgedhenréméprdmbbng
the reader dhvough 5héhwghcé§f;ﬁ giHr

i dentificat 'IR” tg%\” ILn the | V‘ﬁ;}srltorxgz?[;%\}g éﬁbﬂﬁé Ei%t[fﬁcahp%ré\dg?vﬁ%‘?ﬁ ‘ce
conprises a sz{@é F‘%Pr%c#i’iﬁ?'éfr ﬁ%@ﬁ/edew@lef i gumedistes provi de
transm ssi Oﬁaﬁl@néﬂ&ﬂdmcy enemtslm:mtdry éﬂr@ Feeatgh | %Tn'f r@aV' 6%%ro T§§

denti f t tran

Signal . and T TrAEn: Holeft o hERRIBN.IEL e itkstiioaiion cdeviass. The
transport nﬂ_dh%m@rﬁrﬂﬂﬂcahenr ed@emcelawaee ceonfigupedset® Wercfél{/éneihe

t ubul fluid t

Such a5 a bt ooy SRR, Andl T AT Jebinse, HERala FaFkcdor a1
ar r angement ?5 eﬁfgéﬁ Q?preparEBﬁutféﬁSPﬁﬁadﬁlmhamsn‘o for ahenréadeng dandce

recei ving sicgmal sQfmpngbhea Iwigat |[I",h§at &QBP%.S CEsHyj) trﬁg?ﬁe de% (&I% | ce |

al so conflgH{%ﬁ} trans I, control or cont

tool, "as a A S ora ¢ IC# éé%’&ﬁ@‘éftsﬁgﬁﬁhénmrrsuhh |a($er£t|ptumqn!@m a I

cont fgzrseéﬁgz;g?;g;z;&%;ﬁ?ﬂgsﬁﬁy "G carpeatblet Tl i ahglentnl ce

and the pertforating be transported together through the well

casi ng past the iRleftdiliont tontraesimitng! and receiving signals from the
identification devices, the reader device is also configured to
transmit control signals for controlling a process tool, as a
function of the response signals from the identification devices.

20 For example, the reader device can conirol 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 Iocatmg 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 to control
jet culters 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 too! using an odometer, and expensive wire

-
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mul ti e, proces or tO control a too I gure
processjg,-'gg Pp %@éﬁpﬁ% coptrel i mutitiostage kprocessi ray dod comtralr & itaolt ool
can be confcomfedired to perform multiple processes. For example, a

combination packer setting and perforating too! can be configured
to perform packer setting and perforating processes, as a
function of true depth 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



to perform packer setting and perforating processes, as a function of true
dept h readi ngs obtained using the nethod of the 20 invention. In{RAeDEC 2004
illustrative enbodi.ment the systemincludes the identification devices
instal | ed WR%/4378g collars at spaced intervals al ong the pmltsocasisag. The
I dentification devices include a programmable el enment, such as a

transcei ver ,chip for 25 receiving and storing identification information,
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system can i el fed to receive and process the
control signals, and to provide and store information in visual or other

formfor welB i gPerd Qi o IHEP PR AWwinfYr ther, 5 the system can include a
controll er configure rol signals for controlling the

process tool andM@Hi®ud '%r@cé@beémlﬁitp)nd'r&grﬂhepéoat poidreart adowahodeat ed
System Al sqroralion BEId HOMGRRS 18R, MRIPIE, e Sdome B Belfigs m o
a kit, 130 %ﬁ@tﬁe@és?@ﬁﬂl‘@@“&t meehaBismsite. Brief Description of the
Dr awi ngs 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
illustrating 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 5A and 5B are schematic views illustrating

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



Figure 1 is a schematic diagramof a prior art downhol e operation being
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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.

=10~



lo string of the alternate enbodinent system and Figure 8A-8C are _
schematic cross sectional views illustrating an alternate enbodj n]e@tEUrQhM
stage nmethod and systemof the invention for perform ng a packer setting

and a per{vor@akeg processes in conbination. 15 Detailed DeP%qr[ﬁ@%}Iglg%of t he
Preferred Enbodi ment Referring to Figure 2, broad steps in a netho or
controlling an operation or process in a subterranean well in accordance
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' f respopse signal. froma selected i )
dovi cor G FTORUSBRr Blne 18 B8 ETbStimett the Feslaer 50 deyrealiotregugh
the wel | cadPngeri3snH a Readionatinbepiateds finctié omellegpcesThsi arfbhgtingader

p
i . 01 4 6: 17 Transpmitting the control
S onal 1o thioceaeaptcinad iy dtdordattsl YR, e HERBMaN GiPviAFS et e
i dent i f1@at ilowrasedcwelb S2candt inpreves quesisictioal fiam atheelvesit &3P . dept h.

: i ' I i th
et e | oot T2 BEICS2 eSS MR S A a0l SEGTR S
wel | 52, sudyifyB Qp,eowlella @rgas4 surrounded by concrete 56. The well 52

extends from an earthen surface 60 through geological formations
within the earth, which are represented as Zones E, F and G. The

15 earthen surface 60 can be the ground, or alternately a structure,
such as an oil platform located above water. In the illustrative
embodiment, the well 52 extends 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 64. 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 58 is
illustrated as having the same outside diameter and inside
diameter throughout its length. However, it is to be understood
that the casing 56 can vary in size at different depths in the waell
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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roduction well.- In this enbodiment the system50 is configured to
Berform a perforating process in the well 52. The perforating piloteBEC 2004
performed in accordance with the invention provides an 10 inproved wel |

. . . |l
52, and i nwoo@asar oduction fromthe well 52. The well 52 |pé:+ S, e
bore 54, and a well casing 56 wthin the well bore 54 surroun’gg‘gl gy°
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ol b e n pobe (p e Do R s, SRR D0
; : o ann FE

iUl do i nt o, eSS 4 2pSfiot by Ran)ee "ShEF 4 T5RFEr qHelicare(rine sigiashded
by the concre®@mgicaten ysih dihe eeréematignioos 5&.0upThagsy dtavi neo f grel e
Lhr eads adagreludéor dreplnaiRgoaseriinidydn! SidiEeaderan Ehe, Luburey
elemanti 62 ter at? , the cal)ars 64 can_ conpri eTdabl"e”coupli/ngs
adapt ed*for %@%ﬁ% nttoo %ec?@ﬁﬁ QerBRt $asing F6.Aasel irnadable |hugheat i ve
enbodi ment tie@dessdeyicss 70 in Ian:hiiﬁan;adh_essy[gwmtgﬁohﬁb@@sg?ogitfrbﬁgp?g e

' LRSI di t t I&s | en -
nder stood TEar ot pancSom P Rty re Eoring SRl s8epnes th e
vel | 52, a§e@§t§r@%&@@ﬂ%ﬁhé@s@hﬁhmwaﬂubasmgs5@1 td Ebriéd*’.entl_f%sirerd,cture

[ [ 0 [ t.el es I n u
' whi %; gy SYSIERL B0 TR e (G0 T P2 i W Bt 1hete vio

her eof decr :
01/ 92675° PCHAISM! If‘fﬁ? @?sé’%ﬁ’g@%n open hole well log (36-Figure t),  or
ot her As shown in Figure 3C, the perforating tool 68 includes a

detonator 74 (illustrated schematically) and a detonator cord 76
in signal communication with the detonator 74. The detonator 74
can comprise a commercially - available impact or electrical
20  detonator configured for actuation by a sighal 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 focated 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 1o a resilient o-ring 86 placed in a groove 84 within
each collar 64. '
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information, it is determned that Zone F of the well 52 may contain oil
and gas. It is thus desired to perforate the casing 56 proxi mafteﬂ ﬂoDZ@ng{][]E
to establish fluid conmunication between 5 Zone F, and the inside dianmeter
of the welWO®a8241y 56. For performing the perforating procegsudohernsystem
50 includes a perforating tool 68, and a reader device 70 in signal

conmmuni cation with e pgrforating tool 68. The system 50 al so in(_:l udes a
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collars 64 tdmempﬁséngaééﬁvegﬂﬁdﬁ@?ﬁﬁbhgioc%ﬁdrhe;f:e\gﬁiégren(%g@\f?%g_re Bithg
ddifion, t S . el ude ran 6¢ o

?r alnslpgpt i nrgg??hé%tﬁ@? g%ﬁ’@n_gal{f%iﬁ‘&& . ?ﬁ% WE‘%Geru%%@l te Foplicalbens t he

wel | casi ng S5&ht AZdme !Henllfydamwodzxﬂa,ndlsialensyséi@{ﬁh &Qoei@i@, %n@rgagﬁgmﬁ?nt 0
h |1 5527 i t, Toyd . . . A . B

}:i Su\rNg 3%, thﬁgagg%%‘orati nglbﬁgg,l_s égcﬁ?@%u egggﬁ'be{e@ﬁ%oﬁ 7910?6\5%%&%?%

schemat i cal 'F5OBAE MR offfaRtienr af 7@dipnfrsigyeaicyc emengyc dromn aniraldic he

det onat or 7zﬂ1tan'l§mis@¢(bi®n@tfOépb‘iopei%ﬂeC@fﬂﬁ?é@cﬁoﬁﬂ@!‘@t%. v, - apdidable
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plurality of"thar§eClss@hbid edrarscawerchehige darying s nremary 3staiegrae
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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 64 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 89 for transmitting signals.
30 Alternately, an identification device (not shown) can be
configured to transmit signals through a well fluid or other
transmission medium within the well 52. Such an identification
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 contained 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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attached to a resilient o-ring 86 placed in a groove 84 within each collar
64. 01 DEC 2004 WD 01/92675 PCT/US01/17152 In- the illustrati vga[] 1 DEC 2004
enbodi ment, the identification devices 72 conprise passive radio
identificaMQet/gets ces (PRIDs). PRIDs are commercially avapbpbkeapd are
widely used in applications such as to identify nmerchandise in retail
stores, and pooks in 5 libraries. The PRIDs include a circuit which is
confi gured t@ be sereetdponta cdeptindddisr pradicos rafgdbacyaeirey wyollaoea

di t i of, r bat f £ Passi PRl Ds
Go ot requi 5 pouet. Searce bés%‘%ﬁ%geﬁr@g“y”%‘?e?@éﬁaﬁ JupUfRe léinehid
transm ssion”Si gﬁalcaﬁll%gi gés t R&eydREgaded PHRUM DsdeviceD &7 dnshidesa a epl y
si gnal duri ngircenéptandinlogrobest Hantor ﬂféoaT]t_wrmlajgﬁ ghaaa?re%ég(‘:ge;g\fige 'rfBF(;'hi )

[ [ ' ui LD, .S S ,
havi ng menor % aenfflonflbAKRMTS AR Ut dPaBedr dBe. Ahednna chS peednine
confi gur ed t@efﬁlfiﬂéigl@ﬂ/éieﬂm%ib&& saanbet reteimoadidnattte sjroovedel aghasgk on

' | s ' m opger.at 'dentification_ devi ce
t72eca?‘1| ggau?‘lrieqcu@eélrsI @?dgﬁgﬁ %gg suc thﬁagpeag(ﬁ@%a?%gﬁés : s al so uni quely
identified. This %&é@.&rmg chr i bHgUrer ctmtthen reedeirndevine d7dyist haeho@lz?] Ch ar
desi gnat i onsgigntér geies!. SATREArSRdef HARcaddht 189%0n|rﬁ§1%r98p{31 tp%ﬁsgrﬁﬁ isq%gwn

o4 can 98 SERLANEA VAL 4 00 bl e e S e B oaton
i denti fi catideviciesf o7 Bat icovd enooqaexg:ei??oimﬁe ﬁ?@%,gg?;?ﬁgg@égeyﬁﬁ t7tr%3eA .
Gepth i n ¢ nd i CAsBRARRACHT 7o M islh PR e SeViacioit iinslsdeson
device 72A &A% Meneber 6f nhavingn aadravemitest ¢S avifiggurads eparahsmipower
source such {@ananRakidH YsiddaRddyf | Qn’firIsPefriqq:EPé%*C%' ?ﬁ? qgéhﬁﬁcg foncan
I ncl ude_, an ant enna for. transmtting, signals. ernhatery,
identif?‘gati VIB%%i'Eé. (ndihesHeadercdavise 70 includes a receiver 71 on the
base member 77 configured to receive signals of a second
frequency from the identification devices 72.
Preferably, the transmitter 73 is configured to provide
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 signhals.
Alternately, the antenna of the reader device 70 can be configured
to provide highly directional transmission signals such that the
iransmission 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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30configured to transmt signals through a well fluid or other _
transm ssionnmediumwi thin the well 52. Such an identification devijce¢ DEC 2004
further described in previously cited parent application serial no. _
09/ 286, 650WOMH®8$7Si s i ncor porated herein by reference. 35A®@ismmishemnn in
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i s configurethaps @nd DEe 3paeenOsiEnents 58 BPCTopldel Hidlitso with ser lgugd
into the m QPIb%anFFé&ﬂ%u?%dt&%s%%PBﬁQﬁO' | ar 64 (Figure 3D), and to be

€

retained between adjacent tubular efenents of the casing 56. The threaded
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devi ce 7§ i ngididest e i n r : i _
transm':tug) trl%ﬁm ss[?gnéﬁlgr'fgﬁgpgpa' fei ?Ps? g?@’c}gé“%@% o) flﬁ%dZ%fgnMW(;aa@l on
15 devi ces P q*hB“P‘é”dé%’dB{mgé’C?b emethaedesigaatary erin7 adgiiiame usiag e
menber 77 combiviously t preparde vwéINabgsof tﬁese&ﬁpm Bfgéﬁae&fyufnpaﬁgmg o
i dentificat L‘inn@l@w ces 72. Pref -eé%bl%h bhe trgns tt{er I's confl'g
provide rel3enUled Gasipg ;CQH_éFn | 8RN sPgnassedalitd-nat only an 20
i dentification de\s csls@2sholn naFigiree 4% 0xhdi ﬁelsac(e&- %Ie%%ﬁgtd ﬁ@bh%‘%est he
reader Vi 7 I e a ssi.on si.gnal s. . . ,
antennaﬂgf fﬁ% (ri_)re_é{g%r '%gﬁigg ';él:cﬂ'rs?rﬂ%ngﬁﬂgid {é%{mssmn SlgnaF.s .to the
L Identification devices 72, and the receiver 71 for receiving the
response signals from the identification devices 72. The reader
device 70 can be powered by a suitable 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 software 116 to a controlier 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 too!l 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 tool 68, on the reader device 70, or at
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to provide highly directional transm ssion signals such that the
transm ssion signals radiate essentially horizontally fromthe 25 Or ¢alier 2}]84
device 70. Accordingly, the transm ssion signals fromthe reader devi ce

are only r®@ivedrdy a single identification device 72 as 563121@?
devices passes in close proxinmty to the single identification Te 72.
In addition to the transmtter 73 and the receiver 71, the 30 reader

devi ce I70 | mwmmc@ove‘rh@frﬁ%d@rOﬂearb@EG:KGé Cﬁn‘d@’raﬁ‘x@:ﬁ'\e&qroéd‘{féh¥ﬁuit
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ferrite, Bricownling dséi & Q\mf@ﬁf ﬁgaﬁ‘ataéetihetheauppertEVeT,B oanéntt
recei ver 71 oM ihe Pene FENbEindd. |t| i’ tdsitdd Lt%t a%%é(fe Qh% g@ﬁcﬁﬁ%g
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hal f noon dpragiaromvestl tr orsinsatit i mtugeabgr rc_msnlg;tlibfrEigéi&le %r?lauht rtgteed
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schenat | cal 100" aaanffol Firculify P8V Abr Netdnbiare Pabe dhirfenbrly WEOMGA 110,
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roTeet | on. RN g%%éO?zeC@bH ﬁ%@i o Or‘??ggﬁﬁgl fqgal n?@?ﬁﬁyrsé’n can

I nformation. As previously expl ained,
uni quel y i defRYR &%a@ﬂ iSRG LUEdY | l&iel’ﬁkfla/d tlhy athe ddpnéificatien mhalwceuﬁ‘@rl cal

or ot her deSdcslﬂ@ﬂiﬁéd 'tﬂe@@ﬁ‘lt'é)ﬁ'd YREN%e B fl‘?vb?u%l&ﬁrﬁ@at%i ha\ge“‘é?? i ned.

t he depth of_ eac enfified casin can be~asc

As al so shovt W@éu?@eﬁ%‘e‘Fhﬁs%d’é? dlﬁﬂ%ethqopﬁﬁ‘@lfﬁﬂég precepe can
transmiiSer b8 fritiatedndni trelahgtimensassthen SégBPARNYO tolke aaieﬁhlsfsb‘éat lon

devi ces 72, Cad%ongdrce&glgg%?z?%ﬁ% rgicel V|Cr%ﬁ)thef tﬁSponseﬁ égr}%lgs fS%om

t he |dent|f|ca evi
proximate to Zone F.

However, in order to insure that the detonation sequence is
initiated at the nght 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 reguires a certain time
period (T1) to transmit transmission signals to the identification
device 72 in coupling C4, and to receive response sighals 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 tool control circuitry 120 to the detonator 74 (Figure

3C). |
35 in order to provide proper timing for the detonation
sequence, the veiocity (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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device 70 can be powered by a suitable power source, such as a battery, or
a power supply at the surface. In addition, the reader 20 device 70] { DEC 2004
i ncludes a nenory device 112, such as one or nore integrated circuit

chi ps, corWpdgu®zdsto receive and store progranm ng '”for”@kFﬂﬁ “lg
reader device 70 also includes a .telemetry circuit 114 configure
transmt control S|gnals I n dlgltal or other form through software 116 to

a control | ePPERS, thes periaraiingatesly 6% Hovontha ereadk: device Mepasent t he
sof tware 1lfpreaetbemimetudgigtancshqpcont %Qi ! gho%\}l@ iQr Flﬁt} ge §R”p‘t'ﬁ§h
such as

122. | ddi te 22 tab evice

2 lap top w#é et 1560RE Shp banabavandis rercisir eyide Ahd:del Flosiere.

Al so, as wiltP ﬁIBb@Jrff@whéo),em aiteeniiciheasoshuner iA2Eigar 9B 448 Be

visual di spaywf ¢e %@&yaﬁgudenw Waél %ﬂ’ﬁﬁg’ﬁﬁéﬁ?‘ @_éomt e re er deV| ce
|

70. The controller 118, or the co -control
circuitry 120, wHlehahs a@(ﬁiﬂﬁ@juﬁeéot@ cdynamlfc dbmmhbnra;wqm@rtcml th8 as

Suired. Spdrforching 1ot 68l ke A GRRA When' 30k S8BLAR HLSH LY

W

|
120 is in si om*run cation r%
perforating rgﬁgb ‘é ?05? '&‘E)nfjre&Pn@F‘P@wQ‘?@UQQQGCQﬁVg@Fdecat edFom t he
per f or at i ngeaatples, thenreta’diarr dediee wovisa 8. Wgré?nrﬂe&! 1FSed®04 ¥Wnal

/ P d 70
o sty T AL MU e A bt sl ™
function of N r@épswse, sthpmaignakdwimethd rremdernededmt i710 cahi be @@éuce@ 72
For exanpl @on'tﬂibit h@TPWIFé’r%é”Q ni’ @fsénp' ISYSLT |é§‘(}gﬁ’ Fhﬁ gﬁ

3B, coupli ng ocated proxinate to the u |nt
into Zone F! eéﬁ”?ﬁ Yon an %PEQP%/@ seqHeNGet @aﬂhthqnarb@rlattlatgd bpoﬂ;lg@‘s&IS\hI l e

it is in Zofrerk, tHdetootadent@eVviiseuit0108D Weth Rh@gl frfgr oy é’gt.qh
et et 58" blele, PR3, AL IHE et Seploiol tng s and Secerves
response -si gnal sAlsr simovre in ddguid | 4Bf | signdéy i feeny 2heontbaideeddipiceourd i ng
4. Becausecan be used to generate a visual display 124, such as a computer
screen on the computer 122, which is viewable by an operator at
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, yeHow 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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coupling &4 is uniquely identified by the identification device 72
cont ai ned therein, and the depth of coupling C4" has been previusIBEC 2004
identified using well |ogs, the perforating process can 15 be initiated in
real tine, wavivhgsperforating tool 68 passes coupling CA apggahlys,t he
section of the well casing 56 proximte to Zone F. However, in order to
insure that the detonation sequence is initiated at the rlght time

addi tional fRetsFtiaudepid cohdhgerregder2demiee exXQminereahdiper fasr at iisg

tool 68 andtfmﬁéﬂ@w%u qﬁ@ brsit rc%@%)@r d through the well casing 56
with a certain velocit In additian, ﬁg reader device 70 requires a

certain time periftd ‘('13|U)E‘1 t BiSRIaNs s t&'ﬁﬁshﬁ‘%‘élld&ﬁ & gndP$ 1B"t ingdicator
i dentificatitioat iddidetes7an nDCowphbeg f6f, e@@ﬁl tdbrﬁtﬁﬁﬂﬂ/cﬂ) r@sneasy2si gpal s

e per? oa20iagiohy 6. Pedel Bfedne e e BRssaia PTBebegsriotiodt 1ol |
circuitry 120diwadotothhe detibret odegdrlbésgwacBC)ldenﬁmlrdzﬁmn theiczharge
assenbl i es g@ge L4foft FPH %p%ﬁm%&gﬁ@gg%@%ﬁs Orgngetanal iflhiay

expl osi on and “per oratlo
can be consiledr &dse nirtﬁiﬂ@ﬁﬁl & ngimehi bWlicatent that sarohalciset a2 g dimki ch

casing 64 wdrlyde (§pHalre BRKEHLABRW erfcﬂev'd‘éq'naﬂs‘tfﬁnéﬁ‘ toPChHRld RN

cont rol S|gnals t'hrough the tool contr circuitry 1 t he detonator 74
(Fi gur -0 3CPUTRESEH- or Gi1alG fhevyiidigl, Walﬁ ey 'T‘%ll‘-’qeﬁe %’bt ‘Ot Leg”
sequence, tehichl dodigaied WWg t hdopardtiomt igweti oels GRamndat hgy oeadPE

and 58, o sLoalidy T oB% MOy b hat dondy ofF '555287‘ ke ©A
PCT/ US01/ 171hQ "sﬁb@tﬁlt Hl@dmtﬂ& thﬁgdeDth 68 fromthe reader deV| ce 70- by
a predeterm ned @rﬁ?@gra(@m A8 ﬁg@?‘fbé A ﬁWdeS@‘ lhh?hepg ace ggfl tool

68 can bhe ab e t er evi ce

al ter nakel yl reiyutBes Hagwp Ak m@%@mwn I@Wedﬂé?ud@évlacéwg
(i.e., farthewr f90m bperabléadsy 6@) . wire line unit 92, substantially as

previously explained and shown in Figure 1. The wire line 90 can
comprise a slick line, an electric line, a braided line, or coil
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, aliernate embodiment transport
mechanisms for transporting the perforating tool 68 and the
25 reader device 70 through the casing 56 are shown. In Figure 8A, 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 tool
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 fo 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 6C, a transport
mechanism 66G comprises gravily (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 conirols the rate of descent of
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As an alternative to a dynam c detonation sequence, the perforating tool

68 can be stopped when the required depth is reached, and a statit{1 DEC 2004
detonati on sequence performed. For exanple, the reader device 70 can be
programmedWOd1ge4id a signal 10 for stopping the perforatingedeedseBspwhen it
reaches coupling C6: In this case, the signal fromthe reader device 70
can be used t?_\o cog)tr | the wire lipne unit 92 and_stﬁf the wire |ine 90.
The det onat'én PEAPELFS0 Pl 68 giichdiae crandareslayice @ iiat the lepsiigres.s
from the tochgamt rible cpacathul@Ocaw tépéheeperf opatj oy tfl%‘?ﬂ 68 1 fh %ﬁ a
static Condidf/tdrﬂai tiHe Heeq%g r.ed g‘?pth. As shown in Figure 4B, signal's from
the reader device_ 70U qgn b& U8~ Po generate a visual display 124, such as
a conputer scredned@rning canpltigunrd®2 7AMVEhH ien Vightiblage bYe BB ceRgIaor at

t he surface. oyl iS 1] "True pt.h 2Q si.ens” and
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| ndi cat-ors" .SUF%% %W@,S £f Lneda pipe ®Riyituhingdreaneetechdd ceneandtaespeed

at whi ch t héy eadiirsdevdiie Tthe aneilt BeA 3iRaidso i kNG %Irg% t&fﬁaE’Si ng
lglita

i catot 1 G saBoUdIE BEstaGRR! "Gunariaba, HHOM | e deartbe Which are

reader devi cepmsgrdedess onddiéi madnkification devices 72. A "True Depth”

i ndi cator indicaigs 'p]e7rfr9rn]rinlﬂgcfh%0%lcker setting process, the system 50A
includes a packer setting tool 68A, an inflation device 98A for
the packer setting tool 68A, and a reader device 70A in signal

20 communication with the packer setting tool 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 setting tool 68A and the inflation
device 98A. The packer setting tool 68A can include an

25 inflatable packer element 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 o Zone |I.

30 The system BOA also includes a plurality of identification
devices 72 (Figure 3D) attached to the collars 64A on the casing
56A, and readable by the reader device 70A. In addition, the
system 50A includes a transport mechanism 66A for transporting
the packer setiting tool 68A and the reader device 70A through the

35 well casing 56A to Zone |, In this embodiment, the transport
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 PCT/ USCOL/ 17152 the actual depth of the reader device 50 [ da
tinme as it is transported through the well casing 56. The visual d‘li@& 004
124 also includes a "TDS I D' indicator that indicates an |ID nunber for
each ident MQ¥#26Bn device 72. In 5 addition, the visual dpepusy/itss

I ncludes a "TDS Description” indicator that further describes each

I denti fi cat | on device 72 (e.g., location in a specific conponent or zone).

The visual digmryeal2h alsop §$M‘é;e%r|%i TTAR' pehfiedliRe thehiaraBidifeHREd

as atinme dr (for rd or b g for de nstratlon or review X.0
pur poses. Fi nil¢$§§ EP Wa‘éy 992 iQN@ds tan fouon thg transpert
I ndi cat es Iggmem‘lmrrmmd lcﬁﬁAsuchirasagamasgn T &ye OpaSREY é@ﬁtﬁi q%oifeem td%?w
revi ously desgc g e tors" for
gept h. Refer rl?]%gl:j gg am@%htﬂl—Eﬁ ?nar?c? lﬁacﬁgg COW'?W@ %‘ﬁgBBl PP@h] hf gnside

i | lustrat & tH@meeier eheher é@ﬁﬁﬂ@rtnﬁtﬂﬂhﬂmﬁmGW ncludes a wire |ine 90
oper abl e by a Wi eThenpeatibt divicSuneans | Aldofannell Ry fsHlom PRl Bbaed) and

shovvnlnFlgurel W r.e meﬁ?qan rrse a sl ,anelecrlc

line, a brai de@ng n\‘é) T(Igu,e dpfletion,fsigee nghél%ht aelyation 1By ar sslected
conmput er 122, idesitifieatioed divied vhe Elgdr@camo Foe Mémd!enﬁn9ﬂ1§aﬁa8ﬁeﬂsed

to establish ni n bet en th eade Vi ce
controller 1 %ﬁ‘g@l ﬁgc%ﬂﬁg&raﬁ '@tutr?ﬁe?‘%\ CEAL ’59 gi(’j‘%ér Fat e
enbodi ned t rlacspedt prowotEie SUstHie)r uppans!letvetl 0y eherwepvdmt ahtegZoboel 168

and the 258 gyl ggsyr%cf ITBOH%hatteh?h&aﬁflﬁgag@ aé}fclgép‘@gﬁg]e 'ggutlrlfeu?g‘

transport nmechani sm 6
?hr(r)ﬁghpt he | PRFkR gelling eftOQif 8ﬂe\f\d‘a@| n@%mroxrrhatq)dmpé’wr@dyé enceadéni d
th t f t d d 7 k h
e {renshor ke ot 60518000 ViR SRITASEH ) BT
nore robotic %vnﬂegoat daies BBA W@T%rﬁof%ﬁfmﬁﬁt@@vPBBQa Ahe Inedbisy

device 16, asthbeaiifegilr ad dpaddrargeqidntt Bsm%répur@&eggtﬁ@%ae@ér agek e
reader device, /9 ERROUGN 1% ‘Fader 506ev;|cg %ﬂure qn adc“aon t%e packer
setting tool 68A is located downhole relative to the reader device
70A.
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 seiting tool 68A. Aiternately, 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 66G conprises gravity (G such that the perforating 35 t,o%l 68
and the reader device 70 free fall through the casing 56. The fﬂe‘e t4l 2004
can be through a well fluid within the casing 56, or through air in the
casi ng 56. MhI2§re 6D, a transport mechani sm 66PA i ncl udesresmarashut e
whi ch controls the rate of descent of 0 1 DEC 2004 WD 01/ 92675

PCT/ US01/ 17152 the perforating tool 68 and the reader device 70 in the

casing 56. Agai well hE2 PRy aghlet @oC okt Soid) Auiwe! |kl rin Al
contained in tage casing 56. Ref err?ﬁg to Fi g?Jr es 7'%76?512‘;[#%?{1& r?elalt eeﬂ.hj
enbodi ment 8 ystem 50A constructed in accordance with the invention is

illustrated. The $ystemrgpAtos Fipptrad e@ABG sabt grulanegye! lop fiosuch
as an oil an dugct i el i odj,nent .the system 50A.is
confi gured tgagg":"’fr@% gﬁpg_%%g\r‘\@ééﬁei ﬁﬁﬁﬂrééggg“eh"‘i’ h8fw£h‘€i’ RIHYN THe
vel | 52A 5 ncHlfdsatedrel 0BG, 528, shevm inelFigossi 84, &6Aombinatichhaowe! |
bore 54A surrgended RyvRIEHE' et ehad I Si 3 rises
plurality of tkltléu' arpbe?/e nts 6;&, éogi_tglﬁlaet‘}ééﬁ.'-i etr?ghgggf gﬁnétug% piE’pe‘:’%f:Qer
tubing, conn&8t®Rdt JOGhe t RBA By RITPEAtING4M00Thé3del WiSZA duneitsn from
32_ eﬁrt hen saubatantislipoast plreu'gjusgyzotl?gbﬁi&bdf qb?ﬂﬁﬁé_ﬂﬁa&%érhiébtﬁhg 486} .
ich are regpres s -£Zgne a : r rfor g Lhe packer sefting
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Next, as shown in Figure 8B, the packer setting tool 132 is
actuated such that an inflatable packer element of the tool 132
seals the casing 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 setting tool 132, and the packer setting process. For
example, the inflatable packer element 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 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 detonation 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
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di aneter of the casing 56A proximate to Zone |I. 30 The system 50A al so
includes a plurality of identification devices 72 (Figure 3D) agtqueq;ng
the collars 64A on the casing 56A, and readable by the reader device ;
I n additioM0 ¢M&675yst em 50A includes a transport nmechani smpEfhséAs,
transporting the packer setting tool 68A and the reader device 70A through
the 35 well casing 56A to Zone |I. In this enbodi nent, the transport

mechani sm 66 -5€S t yhisn ' r med,. by, tubul ar ements 102A.
As shown in élec‘rﬁéﬂeéuer%? tecgoéhq?tﬁbngwée{%n%'ﬁwgsld?A%hﬁcﬁ?c?é@g_a%lﬁal%n obhe
joint 94A onCoMeTet® 5&nd a female tool -19 0 1 DEC 2004 WD 01/ 92675

PCT/ US01/ 17152 j oiTHuSD 6tk Min@ n@iiv0 Shird/i . gl hd m .Sy t he ar

el ement s 10&%#{% be ttachled to on?%ﬁgtgﬁgr qtgh?g?ﬁqat %ﬂr%ngggf‘%ﬁ for
mechani sm 66X ML ¢ VBHOUShCREEHL NS i ey AcsSIsesBaircawellisncande far
central randimiprowirtg uptbductiomi fram othav Welidle IVWHike thz dhasRkeh ofashe

cont ol si goge ﬁiﬁﬁ’% (GHhORRISEE S8aCSN BIETER By pdiiates -

i dentificati & delli & =pramegtr to 3boseFakiBadmbh ethé matthecerakerchaeiés ng

process il ugk ' ey 7 , W AUR 1S | gcat e

pr oxi mat e togﬁggg?aﬁﬁeél ,%%gr %éeﬁ?ﬁﬁﬁgo?"ﬁ%ft (@%f%é\”? f'JO%P nﬁke iTCqRe
desired to iRfl T heniien | 38 geiingdidierthe dallawing elabmspacker setting
tool 68A while it is proximte to Zone 1, the reader device 70A can be
programmed to transmt the control signal to the inflation device 68A when
it reaches coupling C4A. In this is enbodi nent a spacer el enent 88A
separates the packer setting tool 68A and the reader device 70A. In
addition, the packer setting tool 68A is |ocated downhole relative to the
reader device 70A. In order to insure that the packer setting sequence is
20 initiated at the right tine additional factors nust be considered as
previ ously expl ai ned. These factors can include the velocity
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(V) of the packer setting tool 68A and the reader device 70A, and the tine
required to inflate the infl atable packer elenent of the packer zthtqg
tool 68A. Alternately, the packer setting tool 68A 25 can be sto;qs)'d t. 2004
particular coupling (e.g., coupling C5A) and then inflated as required. In
this case the reader device 70A can be progranmmed to transnmt the control
signals to the visual display 124 (Figure 413) on the surface 60A when the
packer tool 68A passes a coupling 64A at the required depth. The operator
30 can then n_érol the inflation device 98A to initiate inflation of the
packer settmgn‘ baICIIKIEINIBer nat el y the inflation sequence can be
initiated automatically by the tool control circuit 120 (Figure 4A). In
each of the described processes the nethod of the 35 invention provides an
i nproved well. For exanple, in the perforating process of Figures 3A and
3B, the wel| 52 can he  -perforated in the selected zone, or in a selected
“interval oflthe A& Wragitorpinsdan wiperatiopmarhprisielgh 52 i s t hus

optim zed and 0 1 DE 4 0 6/5.PCT/US01/ 17152 the well 52 is able
to produce nore fl ui gg %:éorr%é}fagulja/a%fzrﬁzog?wﬁﬁd R0 R teRgneanFvlk es
8A-8C, a multi dadegepscadndbevirerios r@,@wrpdéggprgﬁ@ce wi th the nethod of
the invention is 5 illustrated. Initially, as shown in Figure 8A a

combi nation tool 13¢9N¢rqllingi geld. firsle dyioe niat isaid twell kB4espohsslas a

packer setting ; ting,tpol 134, which function
substantially agég%bﬁésﬁgﬂagg@ﬁ %@%%FS?H?' ﬁ%vb‘:aecker setting tool 68A
(Figure 713), and the perforating tool 68 (Figure 3A) la previously

described. Jn aﬂ.gli ti on the_conbination tool 134 includes the reader
devi ce 70 dnd t HESTGthGdsel claimyddurtheresrmprising sranseeirdeg & predessur e 3D)

substanti al |y aso8F @M Yehed Gadf iv@aiﬂ-trés ﬁf%gﬁ@e%gghﬁugﬁlﬁbg%ﬁgt he

conbi nation tool 130 is transported thraough a
gravity transpoiPfodgssnbenbmespodG il thenfitst! geviany lorhtinge tivd heicond

previ ously device

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

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

5. The method of claim 3 further comprising:

determining the depth of the radio identification device using a
well log.

6. The method of claim 1 wherein said first device comprises at least
one tool,
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~described transport nechani snms can be enpl oyed. Next, as shown in Figure
8B, the packer setting tool 132 is actuated such that an infl atable packer
el enent of the tool 132 seals the casing 56 at a desired dept 1 Im@ﬁb@
enbodi mrent the 20 packer setting tool 132 is a self contained- niPF ¥ an
integral inflation source. As with the previously described enbodi nents,
the reader device 70 provides control signals for controlling the packer
setting tool .132, and the packer setting process. For .exanple, the

i nfl at abl e packer elenment 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

sel ected coupl,i ngThE4 I ' ' e 813, .the perforating tool
134 separat es fromthmeé%g}ggky g@%n%%ﬁ%%%%‘ﬁcﬂc&ﬁ nfEE ?%Olf é 30

fall through the pegonafisg. ghaxta pacidiows brdGegpie; 8G dhgrpasdieratd ng
tool 132 is contyoll.ed such that detonation and explosive se€q ences are
initiated subst an[quﬂ”w/ taQl, gt 18f QUHewy ogeembiimaidnnsatfseneof he reader devi ce
70 provides control signals, for controlling the perforating 35 tool 132 to
initiate the8det o%gti on and expl osi ve sequences at the proper depth. As
i ndi cat ed by8t he Tasimeethard ofwsldim Fiwheri8Gai i f
assenbl i es 80 (Figur.e 3C) of the 0 1 DEC 2_004&%%%%2%6‘3395&]%%?&@%%152
perforating tool 4% dt stahediwigs well casingasi ng 58 and the concrete 58.
Thus the invention provides a nethod and a systemfor perform ng various
operations or -processes in wells and for 5 inpr.oving production fromthe
vel |'s. Wil e9t he Theemetiood hats cheien Slagherdigdtid tﬂ?of:@ise_rt%ﬁf:‘;coﬁ'ﬁpﬁ%st ain

in the art,

preferred enbodinents, ..as will be apparent to those skille
certain changes %ﬂi‘"‘ﬁ&mgf ité’gi i%ﬁ‘fz eh signahainitiakash sutpatépratingn procass t he

scope of the i nmﬁ@@ﬁe%ﬁerﬁﬁfaitn@dt&}{_ the following clains. 0 1 DEC 2004

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 tool.
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VWHAT |S CLAIMED IS: 1. A nmethod for performng an operation conprising:

transporting a first device through a subterranean well having a second
device at a known depth; and controlling said first deV|ce in SBI Dﬁ? br
response to receiving a signal fromthe second device. The meth éf

claim1 further conprising transporting a process tool through the wel |

with the first device and controlling the process tool responsive to the
first device locating the second device. 3. The nmethod of claim1l wherein
t he second devi ce corrpri ses a radio identification device. 4. The net hod

of claiml V"heifl gure Jd' (5f§>te |'n§% é‘p%pg%ro'nﬁﬁa v@ellrc%q{é)%sm&r?grency

transmitter con transm ssi on reception by
t he second devF"é@SF&ﬁHn%arté@*eﬁﬂﬂeﬁ r@ﬂﬂmagﬁﬁrel@l\/ttbrougbcﬁewe& havingsppinsditsi gnal

fromthe secongr dand qgentﬁlcat-m'? d@?’E&OQaQJbI&lo@'t'i%éni gfntghgrurﬁ s'gﬁblngo

determ ning the deR( the radio identification device u a well |og.
6. The net hod N a‘F"?ﬁhlofVM’@r Biufpligwiof rpdipddenfificrtien demises §@§ t ¢ degiist  one

tool. 23 0 .0 theB&E RO Wap, mta_mﬁl the ddpih MBfbeathiebetie pRIrdlitdlof AR One
tool is a perfor brid pl up a casing patch, a

a
| oggi ng tool, 'gertzrﬁcaggf’gg?”c%‘? 'sg‘t?ﬁﬁ’l"rpé’t@&;%atl‘%eﬁ" Mlogs; afde net hod of claim
1 wherein sai dcqm}rrdlnngs atdesmstl @ned opaiatios ecfonitk tdﬁvre&ﬁomsivd mstmbl e@det th wel |

ber forating t careny ofetidd SITbAREILENE SelRgBr BERTRARGT B BEERENRES N ¢ ne
perforating td@FateQOit ar Héptﬂ‘ﬁemh'dﬂ@ wéll ebprioprigtenfesreondudting fhecatelesstt ool

conprises a pasdisliometting tool and the signal initiates setting of a
packer el enment using the packer setting tool. 24 0

12. The method of claim 11 wherein a plurality of tubular elements are
positioned in the well and the tool and the reader assembly are transported
through the plurality of tubular elements and each of the plurality of radio

identification devices are secured to separate tubular elements.

13. The method of claim 12 wherein the plurality of tubular elements define
well casing.

14. The method of claim 12 wherein the controlling step is performed by

transmitting a control signal from the reader assembly to the tool.

15. The method of claim 12 wherein the controlling step is performed
dynamically as the tool is transported through the plurality of tubular
elements.

16. The method of claim 12 wherein the controlling step is performed
statically by stopping the tool proximate to said one of the plurality of radio
identification devices.

17. The method of claim 12 wherein the tool is a perforating tool and the

operation is a perforating operation,
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.D 1 DEC 2004 11. A method of performng a operation in a well conprising:
transporting a tool and a reader assenbly through a well having % [I)I £€|ity
of radio identification devices capable of transmtting a unique sigljxi‘a 2084
identify each of the plurality of radio identification devices and the
depth thereof in the well, wherein the depth of each of the plurality of
radio identification devices is known by correlation to well |ogs; and
controlling at | east one operation of the tool responsive to the reader
assenbly |l ocating one of the plurality of radio identification devices

which is |ocajgdal (ot ki - PREAR f n [ the at
| east one operation. 1@&%&@9%?%&%'{ E@a@%ﬂgg‘h%getpéﬁﬁug&p%gﬁafﬁt of

t ubul ar el enmenthg ReFferatifgdpeliresnasive ta sonise!isicmatiremdhe crsidenastetthly. r eader
assenbly are transported through the plurality of tubular elenments and

each of the plural i’utﬁagf radio identification devices are secured to
separate tubul - &Pemsibed ofidaimrid whgtehy Eheptook Fumprses avppske settingetosl ural ity

of tubul ar el esrenthe dpefdtion is y&tihg 666 padker didmehhesingtHRshcREr Lhifgbodil Wherein
the controlling step is perforned by transmtting a control signal from
the reader assenbly to the tool. 15. The nethod of claim 12 wherein the
control ling st#p iTke pethat ofedaimdyhahech the @s! tdnepriseob brelge pARsRetined

t hrough the pl i 0 r e The. nethad of claim 12
wherein the cotlr(lle.) ?%)r:' ?hneggpsetrggg&qgsﬁgr O&ﬁ%%ﬁd%%g{u%%q%a%{ﬁ%% 8{6"&?? "M%he tool
proximate to s@Pd one of the plurality of radio identification devices.

17. The nmethod of claim 12 wherein the tool is a perforating tool and the
operation is a perforating operation. 0 25 01 DEC 2004 18. The net hod of
cl ai m 16 wher et’h ThMeERdSI9aimgl Sbsreintbe Gespetng aiepiin gerfermedpssindor at i ng

tool responsi v tiahspore GRkdtahishi gaattelir PEt HR RAPEFoRESRGIYwird Qinedhe
nmet hod of claim12 erein _the tool _I(‘tog_gri s&s a £ac,ker setting tool and
eyl tubiagaRe tRIp

the operati on T¢"EePiOMTE §F" ﬁbte? FriPe% packer setting tool.
20. The nethod of claim 12 wherein the tool conprises a bridge plug setting

22. The method of claim 12 wherein the transporting step is performed by
gravity.

23. The method of claim 12 wherein the operation comprises 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 patch processes, jet cutting
processes and cleaning processes.

24. The method of claim 12 further comprises spacing the tool from the
reader assembly by a selected distance.

25. The method of claim 12 wherein the transporting step includes
transporting a second tool, the method further comprising:

controliing the operation of the second tool responsive to the reader assembly
locating one of the plurality of radio identification devices which is at a depth

in the well appropriate for conducting the operation of the second tool.

26. The method of claim 25 wherein the tool and the second tool are
initially attached to one another and separated between the one of the
26,




tool and the operation is setting of a bridge plug using a bridge plug
setting tool. 21. The nethod of claim 12 wherein the transporting step is
performed using a transport nechani sm selected fromthe group d@ﬂsﬂiﬁ]QgM
of wire lines, punps, blowers, parachutes, coil tubing and tubing strings.
22. The nethod of claim 12 wherein the transporting step is performed by
gravity. 23. The nethod of claim 12 wherein the operation conprises a
process selected fromthe group consisting of perforating processes,
packer setting processes, bridge plug setting processes, |ogging

processes, | NSARRIPBr raRiPERIRSof MBMcEShnd IRALIJMelrARE BRIy GRTANIT Pt Ch

processes, jet cutting processes an eani ng processes. met hod of
clai m 12 furt hadicidpplificadan dgwieesig the tool fromthe reader assenbly by a
sel ected di stance. 25. The nethod of claim 12 wherein the transporting step
includes trangporting a second tool, the method further conprising:

control l'ing the’-ope? JiSthe of cleifel s atsrIN thpreadespesambhecernpiises & eslier

a; _seLrb! y | oca@éql@etr;@%?tr@rﬁsr?ﬁi&@r lpqu.rdmIﬁ@hirery t&f pﬁoﬁ?ﬁeo al @l@ggms{s@ﬁt is%'ﬂaﬂ@‘w ces
ich is at a dept n.the wel] ropriate for conducting the operation

of the second T ‘g?tfonzé‘f tifﬁéaflr'i?t ’HSEQ%P%ET' G858 ae? é’Fﬁe"("rfegCt”S'Ql"”'eé‘nEP t he

second t ool armeceivairédpahte/ sighdlactoedticoradiveidantifidagion dadicsepar at ed bet ween

the one of the 268 01 DEC 2004 plurality of radio identification devices

and the another of the plurality of the radio identification devices. 27.
The met hod of 28-aihé methaderfedlaint b2 whesgle the$ed rdomprisesip rdosednationaliob

frequency transiitibin & PRHoRHIAdub dfiicS ifuld fBRM ssion signal T or
reception by the fadio identification devices and a receiver configured to

receive response signals fromthe radio identification devices. 28. The
met hod of cl aizp. 1ZhaveitRdd)of BNk Q0| wIKRBIAI the @FarBp6:@iMBi &S 1sOPerfd?Rled by

configured to performmultiple erations in the . 29. The nethod of
claim12 wher efF ¥ {aﬁglgttggﬁgcd |tﬁ8 i3 qs§erB€|P’ftBF9‘r'\é\g th? Plurali of SphYlerg t he
tool and the raadentsassenbly through the plurality of tubular elenents.
30. The nethod of claim 11 further conprising establishing a record of the
30. The method of claim 11 further comprising establishing a record of the
well using information obtained during the transportation of the reader

assembly through the well.

31. A system for performing an operation in a well comprising:

at least one tool configured for transport through a well;

a plurality of radio identification devices located at spaced intervals at
known depths in the well and configured to transmit response signals for
uniquely identifying each radio identification device and the depth thereof in
the well, wherein the known depth of each of said plurality of radio
identification devices is known by correlation to well logs; and

a reader assembly configured for receiving the response signals from the
radio identification devices and for controlling the operation of the at least
one tool at an appropriate depth in the well responsive to the response

signals.

32. The system of claim 31 wherein a plurality of tubular elements are

positioned in the well, the at least one tool is configured to be transported
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wel | using information obtained during the transportation of the reader

assenbly through the well. 31. A systemfor perform ng an operation in a
wel | conprising: at |east one tool configured for transport thr kD?{‘
well; a plurality of radio identification devices |ocated at spa@gg - 2004

intervals at known depths in the well and configured to transmt response
signals for wuniquely identifying each radio identification device and the
depth thereof in the well, wherein the known depth of each of said

plurality of radio identification devices is known by correlation to well

Logs: and a r eafgior ARl 0N LA Gerhalis! 5P BN LCLERRPBPR Bl ONE! S

fromthe radio | Q fication devices and for con operation of
the at |east gaetificabon devices aspprayprd Wrsepa@be tibuter efemants Wlthlestb@wgiive to
the response signals. 32. The systemof claim31 mhereln a plurality of
tubul ar elements are ositioned in the well, the at | east one tool is
configured to P& FL%{ﬁ%%B'F‘t‘gdjazm ¥ yhemstrthymadehpesegIvl Beaticiedite the of

t ubul ar el emendtSeasarthe@asin of the plurality of radio identification
devices are secured to separate tubular elenents within the well. 33. The
system of claim 32 wherein the reader assenbly is attached to the at |east
one tool. 34. Fhe Bystestenf of kairm 32 finhérhesmpiasipg i tmags@gort madhanisin

mechani sm co d the,reader assenbly
Through. the T o088 bopdR the dE1dke bFERIIINE hEercanbRphoRERat
mechani sm conpihegedl. 5 nechanlsn1selected fromthe group consisting of wre
|l i nes, punps, blowers, parachutes, coil tubing and tubing strings. 36. The
systen1of claim32 wherein said at |east one tool is configured for

transport throtgh TRHEVEETAIFAP 3t wheksin aaiddrasyseert Snepagisay $aYRriss a The

system of cl ai fedfanwher Qilett&ai febrat tHeea_;%u;Drt%n&@ﬂ:hg i &F qedaf liged eduings, free
fall through the tubular syst em of claim 32 wherein said

reader assenbl O‘ﬁ%rr?pf’?@&&ﬁs QDQ(FHP'\?EF”E(SHP'PQSF@?StO recei ve the response

signals and a transmitter configured to transmt transmssion signals to
the plurality §H Trh%%ygtenll g?@ﬁ'ﬁr&'ﬁa\khgﬁgmd%% Ca?%éast one tool is configured for

transport through the plurality of tubular elements by gravity.

37. The system of claim 36 wherein sald at least one tool is configured to
free fall through the tubular elements.

38. The system of claim 32 wherein said reader assembly comprises a
receiver configured to receive the response signals and a transmitter
configured to transmit transmission signals to the piurality of radio
identification devices.

39. The system of claim 32 wherein the reader assembly further comprises

a control circuitry or a computer.

40, The system of claim 38 wherein the reader assembly is programmed to

control the operation of the at least one tool in situ within the well.

41. The system of claim 32 wherein the reader assembly further comprises

a controller at the surface.
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39. The systemof claim 32 wherein the reader assenbly further conprises a
control circuitry or a conputer. 40. The system of claim 38 wherein the
reader assenbly is programmed to control the operation of the %t1|§@§§§@£e
tool in situ within the well. 41. The systemof claim 32 wherein the'r r
assenbly further conprises a controller at the surface. 280 0 1 DEC 2004
42. The system of claim 31 wherein the at | east one tool is at |east one
perforating tool having at | east one charge assenbly. 43. The system of
claim 32 further conprising: a detonator in signal conmunication with the

reader assenbly,a I gur tQ detonate t at |l east one charge
assenbly. 44. éf%'e?lg?/ssgg%%o 8'?%‘," n%%‘ﬂﬁﬁﬁérf % ag%aété’ﬂf"%%ﬁl ah ﬁa@Fteﬁ’é‘?\t s of
said plurali tperfdratiodtdchhaehe @b hiest aneclsagemesknidget her by a col | ar which
includes one of said plurality of radio identification devices. 0 29

43. The system of claim 32 further comprising:
a detonator in signal communication with the reader assembly and

configured to detonate the at least one charge assembly.
44. The system of claim 32 wherein adjacent tubular elements of said

plurality of tubular elements are secured together by a collar which includes

one of said plurality of radio identification devices.

o
29




