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METHOD AND APPARATUS FOR DETERMINING .POSITION IN A PIPE. 

REFERENCE TO RELATED PATENT APPLICATION . . 

This application claims the benefit> of U. S. Provisional Patent 

5 Application Serial No. 60/098,284, filed on August 28, 1998. 

BACKGROUND· OF INVENTION 

FIELD OF THE INVENTION 

The present invention relates generally to devices for detecting 

10 intermediate points within wells, gas and oil pipelines, and the like, and: more 

specifically to a system using radio frequency resonant devices installed at 
various points in the well or pipe. A detector. is inserted into the pipe,· and . 

detects the resonant devices where installed to transmit location or depth and 

other information back to a station at the surface or along the pipe.· The 

15 present invention may provide for the storage of the information gathered for 

downloading upon retrieval of the device from the well or pipe. 

DESCRIPTION OF THE RELATED ART 

The need for accurate measurement of the depth of a drilled well is 

20 critical, as oftentimes the stratum of interest in the well, resides within. a· 
relatively narrow band. Wells are typically cased after drilling, with cement 

being poured between the casing and the wall of the drilled hole in order to 

seal and stabilize the hole. The casing and cement are perforated at the 

desired depth in order to access the stratum of interest (oil bearing deposits, 

25 gas, water, etc.), with the casing and cement serving to prevent the flow and 

mixing of undesired fluids with the fluid of interest from the well (e. g., water 

with oil, etc.). 
In view of the above, it is critical that the well be perforated at precisely 

the proper depth in order to avoid drawing an undesirable fluid into the well, 

30 and/or missing the desired stratum of interest in the well. As wells typically 

extend from a few to several thousand feet below the surface in the case of 

oil and gas wells, the precise measurement of the depth of the well to within a 
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few feet, poses a difficult problem. U. S. Patent No. 5,279,366 provides an 

excellent and detailed discussion of the .problem in the Background of the 
. Invention, columns 1 through 4, for further background. 

Accordingly, numerous devices and systems have been developed in 
5 the past for logging or measuring the precise depth ofthe well, for perforating 

the well or for other ·purposes as required. Such· principles as MRI (magnetic 

resonance imaging), ;gamma ray detection, and others,· have been utilized in 
order to enable a detector lowered into the well casing to determine Its 

position or depth within .the hole. However, none of the systems or principles 
1 O utilized in the past, provide the needed accuracy to enable an operator to 

determine precisely the depth of the tool within the hole. It is very easy for 
the well to be logged, incorrectly, or for· the tool to detect the wrong joint or 
point in the casing, and thus throw off all calculations and measurements 
accordingly. As the· conventional well casing pipe has a· length of some thirty 

15 feet, it will be seen that an error fn the detection of cme· joint location, could 
cause a perforating gun or other tool to miss ttie stratum of interest 
completely. 

Those skilled in the art are aware that the limitations of the prior art 
extend to other types of pipelines and the like, and are not limited only to 

20 generally vertical well bores. For example, the standard procedure ·for · 
examining a cross-country oil, gas, or other pipeline. is to "pig" the line~ i. e., ' 
send a mechanical device (called a "pig")· through the fine, generally by 
pneumatic means. The· "pig" may sense various information relating to the 

condition of the line, or other faetors, which information may be stored within 
25 the device until it is recovered at some point in the line. However, any flaws 

or other problems in the line must be identified as to location, and the 
mechanical "pigs" used for such·. operations have no means of determining 
their position in the line. Rather, their location must be detected externally I by 
a worker stationed along the pipe or line as the "pig" travels through the line, 

30 and who logs the passage of the "pig" at various points along the line, relative 
to time. By knowing the time that any information was gathered In the pipe, 
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and the time of passage of the "pig" at various points, the location of any 
anomalies may be indirec_tly determined. 

However, it will be .seen that it can be difficult to· determine the precise 
location of various· anomalies or other points of interest in such a pipeline, as 

5 the detection of the passage of the "pig" through the· line, is determined at 
only a relatively few widely separated points along the line. Thus, when the 
record of the recovered "pig" is examined, it may not be possible to narrow 
the location of some point of interest in the line, to· an area smaller than · 
perhaps a few hundred feet of pipeline, or perhaps more. 

10 Accordingly, a need will be seen for a system which positively identifies 
the location or depth of a well tool at various points within the well. The.·. 
system comprises a plurality of passive or active radio frequency resonant 
devices, which are installed at several: or all, of the joints in the well casing~ 
Each of the devices is preferably constructed or tuned to provide a unique 

15 individual signal. A. well tool is· provided which transmits a low power and/or; 
directional signal on an appropriate frequency for reception by the devices, ·· 
which then resonate to provide a responding signal to the well tool.··, The 
responding signal passes up the wire line to the well operator at the surface, ' ' 
who is able to determine precisely the location or depth of the well tool in the ·· 

20 well. Alternatively, the information may be stored within the dovinhole tool, for ·· 
downloading into a computer or other suitable reading device at the surface, · · 
after recovery of the tool. 

A further need will be s~en for a system which is capable of positively · 
identifying the location of a tool which is passed through a pipeline or the like, 

25 and recording the location corresponding· to the tool at various points in time 
as the tool passes through the pipeline. The system may utilize active or 
passive radio frequency resonant devices, with information being stored 
within the pipeline tool for later recovery when the tool is recovered from the 
line. 
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A discussion of the re.lated art of which .the present· inventor·is aware, 
and its differences and ~istinctions from the present invention, is provided 

.·below.· 

U.S. Patent No. 4,572,293 issued on February·25, 1986 to James G. • . . . ! 

5 · Wilson~ et al., titled "Method ,Of Placing . Magnetic f;Jlarkers On Collarless 
Cased Wellbores," describes the: magnetic polarizing of well casing by 

10 

··. positioning. one or more electromagnets within the casing, and activating the · 
electromagne~s to impart a permanent magnetic field at the location : of the 
electromagnet(s) within the casing or pipe. The magnetically polarized area 
may be detected. using a conventional magnetic reading·casing collar locator. 
The Wilson et al. methpd does not provide any means of differentiating 

' between magnetically marked spots, nor of precisely .·positioning the ·.,. . . . . 

magnetically polarized areas at predetermined points in the casing. 
Moreover, Wilson et al. do not disclose any means of logging or determining 

15 the position of a device in a cross country or other fluid pipeline, as provided 
by the present method and apparatus. 

U. S. Patent No. 4,630,044 issued on December 16, 1986 to Rudolf. 
Polzer, titled "Programmable lnductiy,ely Coupled Transponder,i• desctibes a 
passive radio identification device (PRID} including a memory for modulatrng 

20 . _the response signal, WDen triggered by. ar:i appropriat,e. transmitter. Polzer 
descri.bes the placement of the fesonating transponder on a moving object,; e . 

. _ g.~ a railroad car •. with the triggering transmitter having a' stationary mounting. 
This configuration is precisely the opposite of the present invention, with its 

' ' 
' ' -

stationary responding devices and triggering transmitter being mounted within 
25 a moving well hole· or pipeline "pigging" tool. Moreover, Polzer makes no 

suggestion of using his invention for determining . depth or other 
characteristics in a well casing or other fluid pipeline, as provided by the 

present invention. 

U. S. Patent No. 4,808,925 issued on February 28, 1989 to Gary K. 
30 Baird, titled "Three Magnet Casing Collar Locator," describes a magnetic 

device for detecting pipe or casing joints in a well. The device provides a 
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specially shaped toroidal magnetic field, which niagnetically affects the 
ferrometallic casing and. casing joints. A detector associated with the device 
detects variations- in the magnetic field as the field· changes as It passes each 
casing·· joint. Baird makes no provision for detecting. any differences in the 

5 joints. Rather; each joint appears essentially the same when detected, and 
the operator cannot determine precisely where in the casing the· device is · 
located. Each joint must be counted· in order for the location to· be 
determined, and no other information is provided by the Baird device. Baird 
does not disclose any means of logging or determining the precise location of 

1 O a pigging tool in · a cross country or other than vertical fluid pipeline, as 
provided by the present invention. 

U. S. Patent No. 5,279,366 issued on January 18, 1994 to Patrick L. 
Scholes, titled "Method For Wireline Operation Depth Control In Cased 
Wells;" describes the use of both magnetic and radioactive location markers' · 

15 in a well casing. The detector device is capable of detecting both high energy 
radiation (gamma rays) and magnetic anomalies, thus making it easier to 
confirm that well depth logs using either system separately, are properly ''tied> 
in!' The Scholes '366 U. S. Patent provides an excellent explanation of the 
problem of well depth control and logging, as well as the importance of a 

20 solution for the problem, in the Background of the Invention portion of the 
disclosure, as noted further above. However, Scholes does not provide· a·ny 
means of differentiating between different joints or other locations along the 
length of the casing, nor any radio frequency resonant means for doing so. 
Moreover, Scholes is silent regarding any form of logging or determining the 

25 position of a tool in other than a vertical line, whereas the present system may 
be applied to any fluid line in a generally vertical or other than vertical 
orientation. 

U.S. Patent No. 5,361,838 issued on November 8, 1994 to Marion D. 
Kilgore, titled "Slick Line Casing And Tubing Joint Locator Apparatus And 

30 Associated Methods," describes a device which is usable with a slick line, i. 
e., a monofilament metal or other line· which does not carry an electrical 
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signal. The device relieis upon an integral magnetic anomaly detector for 
detecting pipe or casing jQints .. When a joint is· detected, the device drives a 

drag producing structure ~gainst the inner surface of the casing, with the drag· 
registering as a momentarY increase· in tens.ion on the line at the surface as 

5 the device passes the joint. Thus, the Kilgore device can· only be used when 

being drawn upwardly through the pipe, and does not utilize any radio 
frequency resonance me~ns. The Kilgore device is also unworkable in other 
than a generally ver:tical line, whereas the present system is operable in any 

fluid line, regardless of its orientation. 

10 U. S. Patent No~ 5,457,447 issued on October 10, 1995 to Sanjar 
Ghaem et al.," titled "Portable Power Source And RF· Tag Utilizing Same/' 
describes a radio frequency (RF) device providing. an·ir:lterrogation ·signal and 
receiving a response from the interrogation sig_nal. The device . may·· be 
powered by any .. one ~r more of seyeral el~_ctrical sources, . including· 

· 15· · conventional battery power, solar or infrared cells, etc. ·However, Ghaem et 
' al. are silent regarding a responding unit fo~ their': RF tag device. While the 

present invention .makes. ·~se_ of al'I RF transmi:tt,er and receiver disposed·. 
within a well downhole tool, pipeline pigging tool, or ,the like, the present 
invention also makes . use.· of inert . or active resonant·.· responding devices 

20 which are triggered by the RF transponder device !Jf the well or pipeline tool, 
. which . resonant resporiding devices are . not a part of the. Ghaem et al.· 

· disclosure. 

U. S. Patent No. 5,497, 140 .issued on March 5, 1996 to John R. Tuttle, 
titled "Electrically Powered Postage Stamp Or Mailing . Or Shipping Label 

25 Operative With Radio Frequency (RF) C<>mmunication," describe~ a small 
· and very thin radio receiver and transmitter, including· a memory chip for 
' modulating the transmitted signal to provide certain specific information, e. g., 
routing, etc. The Tuttle.disclosure provides for a thin, flat battery for power of 
the device, and accordingly includes "sleep" and 'wake11 circuitry which is 

30 triggered by a transmission.from another device. The present invention does 

not require any integral electrical power in the specific form of an electric 

6 
SUBSTITUTE SHEET (RULE 26). 



WO 00/60780· 
' ·, ~. PCT/US00/0!1012 

battery, but resonates when power is received from a nearby transmitter. The 
present device may include active circuitry requiring el~ctrical power, but the 
electrical power is generated by electrochemical means using. the fluid within 
the well or pipe, as an electrolyte~ The Tuttle device is not a resonant device. 

5 U. S. Patent No. 5,626,192 issued on May 6, 1997 to Michael L. 
Connell et al., titled "Coiled Tubing Joint Locator And Methods," describes a 
tube which is lowered· into the well pipe string for locating pipe joints. The 
device includes. a fluid passage formed generally axially therethrough, and an 
electromagnetic joint detector which senses the increased mass of each joint, 

10 according to. the disclosure. When a joint is detected, a lateral valve is 
opened, which decreases the fluid flow resistance through the device. arid 
produces a pressure drop which is transmitted to the surface. The Connell et 
al. device can only sense each joint, and cannot detect any differencie 
between different joints, whereas the present device may provide means fOr 

15 differentiating between different joints in the well casing or fluid pipeline. 
U. S. Patent No. 5, 720,345 issued on February 24, 1998 to Timothy M. 

Price et al., titled "Casing Joint Detector," describes a magnetic anomaly_ 
detector which detects the variations in magnetic flux across pipe or casing 
joints, as in other devices of the prior art discussed further above. The 

20 detector may also measure the distance traveled down the borehole, and 
correlate this distance with the number of joints passed. However, Price et al. 
make no provision for distinguishing between different casing or pipe joints, 
for determining precisely which joint is being passed at any given point. Also, 
as with other magnetic anomaly detectors, the device must be moving at 

25 some minimum velocity through the casing in order to generate the spike iti 
electromagnetic energy for generating a detection signal. The present active 
or passive RF system is operable at any practicable velocity in vertical, 
horizontal, or otherwise . oriented fluid pipelines of virtually any type, i. e., 
ferromagnetic or other material. 

30 European Patent Publication No. 013,494 published on July 23, 1980 
to British Gas Corporation, titled "Measurement Of Velocity And/Or Distance," 
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describes a device whiGh. produces a magnetic an9maly in the wall of a 

ferrometallic: pipe, .and then .detects the anomaly as the device passes~ The · 
. . . . . . ·.: . 

device may thus measure its velocity through the pipe, by measuring the time 

between the production ofth~ magnetic anomaly and its detection by another 

5. part of the device, with the . di~tance between the two components being 

known. As in other devices using magnetic principles or means discussed 

further above, the British Gas device cannot distinguish between different 

magnetic anomalies .pro~µced thereby, but can· only count the total number of 

magnetic anomalies along the length of the pipe and provide a distance 

10 measurement· based upon the distance. between the.·· magnetic anomaly 

producer and detector. No RF means, nor use in other than a generally 

vertical downhole, is disclosed in the British Gas Corporation patent 

publication ... 

European PatentPublicaiion No. 412,535 published on May 11, 1994' 

15· to Michael L. Smith, titled. ''Tubing Collar Position Sensing Apparatus/ And: 

As~ociated Methods, For Use.·Wrth A Snubbing Unit,'' describes ·a device for 

electromagnetically deteCtif.lQ tubing or joint collars for progressively opening.· 

and closing the blowout pressure:.seals of a blowout valve. Accordingly, there· 

is ho need, and. no teac.hing, :of .any means. for distinguishing betweeri;· 

20 : . different joints· along the length of the. tube· or pipe. · Smith notes that the 

measurement of the pipes cann()t be accomplished. by odometer means"· 

alone. due to slight variations in pipe length and in the length of engaged· 

threads at each coupling, to which problem the present invention responds. 

Moreover. the present system is adaptable to both generally vertical well 

25 holes, as well as generally horizontal or .other orientation gas and other fluid 

lines. 

European Patent fublication No. 651, 132 published on May 3, 1995 to· 

the Halliburton Company, titled "Method For Locating Tubular Joints In A 

Well," describes a device which applies lateral pressure to the walls of the 

30 pipe whenever a joint. is detected. The increas~d drag of. the device 

increases the tension on the line as the device is raised up the pipe, thus 
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enabling. the joints to be detected without · requirement for an electrical 
connection between the device in the pipe and the surface. The device 
described in the '132 European Patent Publication is the same as that 
described· in the '838 U. S. Patent, and· discussed further above. The same 

5 differences and distinctions noted in the above discussion, are also seen to 
apply here. 

Finally~ European Patent Publication No. 730,083 published on 
September 4, 1996 to the Halliburton Company, titled "Method And Apparatus 
For Use Jn Setting Barrier Member In Well," describes a device using 

10 conventional magnetic anomaly detection means for detecting pipe or- casing 
joints, for positioning a barrier within the pipe or casing so that the barrier is 
not positioned on the joint. There is no· need, and no teaching, for the device 
to distinguish between different joints, as afl. that is necessary· for the 
Halliburton device is to determine that the barrier or seal will not be positioned · 

15 directly on a joint. 

None .of the above inventions and patents, taken either singly or in .· 
combination, is seen to describe the instant invention as claimed . 

. SUMMARY OF THE INVENTION 
20 The present invention comprises a method and apparatus for 

determining position in a pipe or the like, for detecting pipe or casing joints in · 
an oil, gas, or other drilled well or pipe, and for distinguishing between joints. 
The system includes a passive radio identification device (PRID), or 
alternatively an active device, installed at each pipe or casing joint, with a well 

25 or pipeline tool including a radio frequency transmitter and receiver. The · 
transmitter· of the tool provides a constant transmission signal, which is 
attenuated or directionally modified so as to be received only by an 
identification device at an immediately adjacent pipe or casing joint. When · 
the device receives the transmission from the tool, the identification device 

30 circuit r~sonates to transmit a response, which is received by the tool 
receiver. The signal received by the receiver is then transmitted up the 

9 
SUBSTITUTE SHEET (RULE 26) 



W000/60780 PCT/USOOI09012 

wireline between the tool and the surface, where -it is processed. 

Alternatively, the tool may include means for recording the . information 

·received, with the information being downloaded from the tool upon retrieval 

of the tool. at the surface or access point in a pipeline. 

5 lnformatiotuelating to each of"the radio identification devices may be 

stored at the surface, with the operator being able to determine the location of 

· the . downhole tool at any time, and other characteristics which have been 

logged into the computer or information system, such as pipe or casing size, 

geological characteristics or stratum at any particular point as previously 

1 O ·· . logged and· entered into the system, depth of the well at . that point, etc. 

Again, the present system is adaptable for use in generally horizontal fluid 

(oil, gas, water, ·etc.) pipelines as well as generally vertical downholes, and 
. ~ . 

. may be used in pipes of virtually any non-horizontal or non-vertical orientation 

·as well. The present invention may also utilize identification devices which 

15 provide a distinctsigna:I frorri on'e another, in order'that the downhole toolis 

"able ·to distinguish between· each device, and· therefore the joint with which 
. . 

any particular device is··associated and :the physical characteristics previously. 

logged at that location. 

While passive· radio · identification· devices (PRIDs) which resonate 

· 20 when a specific frequency or frequencies ate de1ected, may be used in the 

present inven1ion, the p·resent method and apparatus may also make use ·Of 

'active devices, t e., ·devices' requiring electrical power for ·operation. The 

present invention provides such .electrical power in the form of an electrical 

battery, with two dissimilar metals being provided in the resonan~ device, or 

25 the resonant device and tool, with the fluid within the well or pipe serving as 

an electrolyte for 1he device. 

Accordingly, it is a principal object of the invention to provide an 

improved method and apparatus for determining position in a pipe or the like, 

utilizing a radio frequency transmitter and receiver in a downhole or pipeline 

30 tool, with passive radio identification devices (PRIDs) · or actiVe devices 

located at each joint in the pipe or casing. 
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It· is another object of the invention to provide an improved pipeline 
position determining method and apparatus which may include an information' 
storage and retrieval system; such as a computer, at ttie surface or outside 
the pipeline, with the downhole or pipeHne tool transmitting a signal to the 

5 system whenever a radio frequency identification device is detected. 
Yet another object of the invention is to provide an improved pipeline 

position determining method and apparatus which may use a tool having 
recording means ~herein, for recording information detected during toot 
passage through the pipe, and for downloading the information from the tool 

1 O recording means upon recovery of the tool. 
It is a further object of the invention to provide an improved pipeline 

position determining method and apparatus which computer or . other 
information system is programmed with various facts relating to each of the 
identification devices in the well· or pipe, such as the stratum or geological 

15 characteristics at each identification device installed in the well, the pipe or 
casing diameter, distance between each of the identification devices· in the' 
pipe or casing string, etc. 

An additional object of the invention is to provide an impreved pipeline 
position determining method a_nd apparatus which identification devices may 

20 be distinguished from one another, in order that the tool distinguishes the 
specific identification device with which it is communicating at any given 
location in the well or pipe. 

Still another object of the invention is to provide an improved pipeline 
position determining method and apparatus which may utilize resilient seals 

25 disposed between each pipe or casing joint, for holding each of the 
identification devices in place. 

Another object of the invention is to provide an improved pipeline 
position determining method and apparatus which may utilize active RF 
identification devices which draw electrical power from an electrochemical 

30 souree provided by dissimilar metals in the RF device and/or tool, with the 
fluid within the well or pipe serving as an electrolyte. 
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It is an object of the. invention · to provide improved elements and 

arrange~ents thereof ln an apparatus .for the purpose$ described which is 

inexpensive, dependable and fully effective in . accomplishing its intended 

purposes. 

5 These and other objects of the present invention will become apparent 

upon review of the following specification and drawings . 

. BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a broken away perspective view in $ection, of a section of · 

10 well casing alid joint including the installation of a radio identification device 

~herein, and downhole tool including radio transceiv~r · means therein for 

communicating with the device; 

Figure 2 is a schematic. elevation view ·Of a drilled well and casing, 

.. shpwing the general operation of one embodiment of the present invention 

· . 15 and its communication with the surface ·a·nd ,surface components associated 

•. with the invention. . . _ .. , ;: .·. 

Figure 3 is a side perspective view in· section of a pipeline coupling. 

incorporating a ·radio frequency identification device in. accordance with the 

·pr(!sent invention. 

20 . Figure 4 is a perspective view of a radio freque~cy identification device 

and loop antenna for use with the present invention. 

Figure 5 is a·. perspective view of a sleeve install.able in a pipe, 

including the identification device ~nd loop off'igure 4~ 

Figure 6 is an· elevation view in broken away section of a pipe 

25 incorporating the present identification device and loop antenna, and 

including electrochemical energy generation means having dissimilar metals 

disposed in the 'loop and in the detection tool. 

Figure 7 is an elevation view similar to that of Figure 6, but having both 

dissimilar metals incorporated in the ante~na loop. 

30 Similar reference characters denote corresponding features 

consistently throughout the attached drawings. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention comprises· a method and apparatus for· 

. determining position in a pipe or the like, for oil, gas, and other drilled, wells 
having a jointed casing therein, and for cross country pipelines and other non- · 

5 vertical gas. oil~ water, and other fluid= wells and pipelines. The present 
system provides for the determination of the precise location of a well or.pipe· 
tool within the: casing or pipe, and associated characteristics of the well· or 
p~pe at the location of the tool. 

Figure 1 provides a broken away perspective view in section of a well . 
10 casing or pipe 10 formed of" a plurality of sections 12, with each section 12 

having a joint 14 therebetween comprising externally threaded connecting 
ends 16 .with an internally threaded mating coupling sleeve 18 secu.ring the 
two ends 16 together. Such joints 14 generally include at least a slight gap 
20 between each connecting end 16 of the casing or pipe sections 12, with a 

15 resilient 0-ring 22 being placed in the gap 20 at the time of assembly of the 
joint 14. A well downhole tool 24 is also shown in Figure 1, at the lower end 
of a wireline 26 which serves both to support the tool 24 within the casing 10 
and also for electrical power and communication betWeen the tool 24 and the 
surface, as shown in Figure 2 and discussed further below. 

20 The well tool 24 includes a radio· frequency transmitter and receiver 281 

therein, shown in broken Jines in Figure 1. A radio frequency identification 
device 30 is installed at each of the coupling joints 14 of the pipe or casing 
string 10, as by sealing, imbed.ding, or otherwise securing the device 30 
within the resilient 0-ring seal 22· at each joint 14. The radio frequency 

25 identification device 30 may be in the form of a passive radio· identification 
device (known as a "PRID'1· Such PRIDs are conventional and are used for 
merchandise security in the retail industry, library security, etc .• and generally 
comprise a solid state printed circuit which is configured to resonate upon 
receipt of radio frequency energy from a radio transmission of appropriate 

30 frequency and strength. Such devices do not require any additional power 
source, as the energy received from the transmission provides sufficient 
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power . for the device . to respopd wil~ ~ · weak and/or periodic reply 

transmission so long as it is .receiv.iryg an ~pprQpriate transr;nission. 

Alternatively, the responding d~vice 30: may be in the form of an active 
·.; . ~ . 

device. requiring a s.epClrate so4rc~ of ~lectrical · pqw~r (e. g., electrical 

5 storage battery or other ~lectrica! power rr1~ans)~ Sµc~ devices are also 
. . . . .•·: . 

conventional, and may: bE;! configur~d. to draw practica"y. :no electrical power . . . . . . , 

until a radio frequency: signal' is received, ~hereupon 'ttiey are electrically 

energized to produce a responding·trE1nsmissl9n. · · · •· 

· The transceiver 28 enclQsed within . the well:, tool 24 is also 
. . . ' . ~ . 

1 O conventional, and pr~vides a rapio . fn~qu~ncy tran~mitted signal at . the 
. . . . ; ~· : : ·. 

appropriate frequency ~o excite ·the PRIO C)r a~ive devi~e: 30 at any given joint 

14_ location. The trans.ceiver 28 al~Q inch.~d~s a receivf;!r tuned to receive the 
. . . . ·: . ·. : ; . ~ ~ 

response from the PRID ·or active device 3Q, which response· is provided on a 
. . . . . . . . 

different frequency than the transmission frequency used by the transceiver 
' . ' 

15 28 in order that the trE1nsmitted sigi:a~t from the tran~ceiver 28 does not 

interfere with the receive~· signal frorn the PRID or actiVe device 30. The 

transmitter and antenna·. system of·:' the .· iransceive'r: . 28 are preferably . 

configured to provide a relatively w~ak signal which ca1'1·011ly be detected and 

responded to by a PRID or active cfeviee 30 in ·relatively qlose proximity to the 

. 20 transceiver 2B, i. e~, wilbin: a ·foot or S() c:Usta11t. · · .... 

Alternatively, the.· antenna of the trans·~eiver 28 .may be configured to 

·· provide a highly directional signal, e~ g., r~dially polarized or shielded to 
' ' ' 

provide only a narrow ra~iallran~mi~sion p~tt~m. so ·~E! transmitted signal 

from the transceiver 28 radiates essentially horiZontally from the transceiver 

25 28 and well tool 24. In this manner, the transceiver 2:a will not trigger more 

than a .single PRID or. active device 39 at any point in· .the passage of the 

transceiver 28 through the casing: pip~ string 10, and will be in very close 

·proximity, e. g., within a few inche~, of the· exact depth: of the responding 

PRID or active device 30. Alternatively, the receiving antenna may provide 

30 only a narrow radial reception ban~ -for accur~cy. 

14 
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Figure 2 provides a schematic elevation view of a drilled well 32 
including a casing stttflg 1 O installed therein. The'<:VJiretine 26 is shown 

· extended from the conventional wireline head 34 (comprising· a reel and/or 
other extension arid retraction means for the wiretine· 26, and conventional 

5 means for communicating electrical power and signals to and from the 
wireline 26 and thus to the well tool 24 at the lower end thereof), with the well 
tool 24 disposed· at a specific joint 14a having a specific PRID or active device 
30a instalted'therein. The radio frequency transmission of the transceiver 2s: 
triggers a response from the adjacent PRID or active device 30a, causing the 

10 device 30a to resonate according to the transmitted frequency from the. 
transceiver 28 and to transmit a responding signal on a different frequency. 
The different frequency of the responding device 30a transmission is detectedi · 
by the receiver portion of the transceiver 28 in the weli tool 24, and is relayed · 
back to the wire line head 34 for processing at the surface. 

15 Jn many instances. the line 26 used to lower the tool 24 into the hole,. 
and to withdraw the tool 24 from the hole, is a non-electric line. Accordingly, 
tool·s 24 used with such non-electric lines include recording means therein, 
with the ·data recorded by the recording means being downloaded to the . 
remotely located computer an_d database after recovery of the tool from the 

20 hole or pipeline. Such data recording well tools are conventions~ and are in ·. 
use in the well and pipeline industry. 

Normally, a drilled well is "logged" before casing is installed, in order to 
determine the exact depths of specific geological structures (e. g., impervious 
rock, oil and/or gas bearing strata, etc.). The information logged, as well as 

25 other information, such as the diameter or size of the casing, well name 
and/or number, depth of the weJI, etc., is entered into an information storage 
and retrieval system database. · conventionally a computer 36 including 
appropriate programming for the application. 

Thus. as the well downhole tool 24 passes each PRID or active device 
30 30, 30a at each joint 14, 14a along the depth of the assembled well casing 

10, each device 30, 30a responds with a signal which is relayed to the 
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surface and ultimately to the comp~t~r ~($. By "counting" the number of 
·~. . .' ·. ~ 

PRIDs or active devices 30, 30a W!Jlch 'he. W,~11 tool 24 taas passed as it is 
• I "• • • • • .. •P,','•'. .; • j,•• ; ; f :• • • 

lowered through the .ca~in.g 10, and ·cc;>mparing each QQn.~ecutive PRID 30, 
. : ~ ; . · .. ~ .. : .. : . i - . . : . \" ' .. : . . 

30a with the correspoDd!ng .data pr~viot,1sly logged, th~ computer 36 can 
. . . . ·: .. :· . . . . .. ,. . . . '· . . . ~ ; ; . 

5 indicate the conditions. ~qfle locatiQl'l ofthew~U downh9J7: tool 24 in the well. 
: ;i . 

casing 10. As an exarflple, previou~ly logged data m~y indicate that an oil 
. . ·: : ·.· ~ . . . ·, . : . . . :. ' : .... 

. . .· . 

bearing stratum is loc13~~d betw~~n 1~;QOO and 12;2QO feet below the 
. .. .. ' . . . .·,. .. . 

. . ·' .. · 

.surface. As the 1.ength. ()f each o.f the c1;1sing sectiQns 12 is known,. the 

. computer 36 need only;di~ide the ~ept~ of t~e .stratu~ .by the length of the 

10 casing se,ctions 12 to determine hqwmany casing sections 12·{and thus how .· 
. . : .;·· . ·. . . . .. .... 

. many joints. 14, yv-ittl their ~ss~ciat~~ P~ID~ or active devices 30) lie between 

the surfa.~e an.d the de~ired stra1um. This a.nows the ~~ll casing 1.0 to be 
·. . . . - ..... ; ·.. . . . . . . . . . 

. perforated accurately at t~e desir~cj .strata, i:!Ssuring that good flow. of the 

desired. substance is ob~~-!ned with:out any mixture of ~i;i.desired substances 
·"' . . ; . ··: .:. : . . .... · .. ·· ... 

15 (w~ter, etc.). . .. '< .. ,. : 

20 

It ~ill be seen th~.t ~ach of t~.e P~.11:>$ or a~t,ivt:! ,deyiqes 30, 30a m;:1y be 

configured. to pr9vide .a distinct and unique rE;!sponse, Jf •desired, or at least . 

several diffe,rent response.s may,. ~e. provided . for the plurality of. PR I Os or .. 
. ·. . . . . .: ·' . ·· .. ·. . . : .. 

active devices. 30 use~}ll tt"\e pre1~ent, invention. ~~pn. devices may be · 

configured to ·provide diff~re.nt freq1:1ency resp~ns~s. an~l~r modulation of the. 

response~ in some mah~~r (arrlplltude; frequency, pulse). in order for each 
.. : . . . . . .. ·· .. :· 

device to provide a distin~ response. . .. ·· · . . .· 

.. In this manner, ·~~ch PRIC? or active device 3Q; : 30a, etc. may be 
.· . . : . 

installed along the casing or pipe $tring 10 with. each providing a different 
. .' ' ' . . . . ' . ., . ~ . 

25 response. The different responses corresponding to e~ch of the PRIDs are 

entered into the computer 36. Thus, information is. avc,ilable as to the exact 

location of each indepepd~nt PRID. or active device 30, ~·Oa, etc. This may be 
. .. . . ~..' . 

important in. the event that the system misses a respon~~ by one or more of 

the devices 30 installed: a.long the pipe ca~ing 10. In su¢h a situation, if all of 
., : '•. 

30 the devices 30, 30a, etc .. provided identical response sign~ls, the missing of 

e. g., two of the PRID ·.or. active ~evice response signais would result in an 
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error of about sbcty feet in the determination of the depth of the well tool- 24. 
By providing each P~ltl~:with a distinct response sig~'ai~ the computer 36 is 

_ able to determine the 'precise location of any given PRID or active device, 
even if a response signal was not received from one or more of the devices 

5 along the casing string 10. 

It will further be seen that it is not absolutely essential to provide a 
separate and distinct response signal for each of the P RIDs or active devices 
30 along the string 10~ Provision for e.g., five different responses, with each: 
identical response being installed five casing sections apart from one another 

1 O in a repeating pattern, i. e., 1, 2, 3, 4, 5, 1, 2, 3, 4, 5, etc., would provide·· 
sufficient resolution for the location of the well tool 24 within the pipe or casing 
string 10, even in the event that responses from one or two, or even four 
consecutive, PRIDs or active devices 30 were not received. Thus, -an 
accurate representation of the location of the well tool 24 at each joint 14 may 

15 be provided by the present invention. 
Whife the discussion to this point has been directed to the well of · · 

Figures 1 and 2, it will be seen that the present invention is not limited only to_ 
use in generally vertical drilled wens and the like. The present method for 
determining position in a pipeli~e may be used in other pipeline environments, -

20 such as generally horizonaf cross country gas, oil, or other fluid pipelines as 
desired, or in any pipeline orientation. 

As an example of such use in a cross country pipeline, such lines are 
conventionally used for the transp_ort of oil, gas, etc. be~een various points~ -
It is necessary to inspect the interior of such lines from time to time, and this -

25 is conventionally accomplished by means of an automated tool, c~lled a "pig," 
which is passed throu-gh the pipeline {generally "blown" through the line by 
increasing the pressure on one side of the pipeline relative to the tool). Such 
tools may include means of detecting various flaws withtn the pipeline, but 
may not include any means of determining their position in the line. 

30 Accordingly, a worker stationed along the pipeline logs the time when the 
"pig" passes, and travels to another point along the line where the process is 

17 
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repeated. When th~ "pig" is recovere~ from the pipeline, the data recorded 
; ' . .· . . . 

by the conventional. data recording mean.~ therein, is, downloaded to some 
·. ' :. . .· .. : . . . 

.form of data recovery ;means (e. g., cqmputer and .dat!ab~se). The times at .· 
. . ., . ' .. ·. . . . .: . . : ~ ·. 

which any anomalies in ~he line w~re r~cord~d by the .~ata recording means 

5 . in the "pig" are noted . arid compared to the times logg~d- by the worker who 
. . . . . . . 

noted the passage of th~"pig" at v~riqu~ po!ms along th,e line. 

As can be se~ry. this provides O!'llY a very approximate idea of the 

position of the "pig" atany point whe,re ·a·.p!p~line. ano~aly was recorded, by · 
. . •' 

interpolation of the times of passage at various points. Thus, the narrowing of 
. ·, ··:: . ., .: . . . ·: : 

1 O .·. the _location where a more detailed. inspeqion and/or r~pair is required, can 

., ,·· ;= 
be time consuming a11~· costly. MorE10Vf!r, such a syste~. may result in the 

unnecessary replacement of a larger. length of' pipeline than is absolutely· 
' . . '. . . . . . . 

reqyired, merely because the : precise·· !qcation of a flaw could not be 
. ·: . . . . . 

accurately determined . 
. · .·· . .· . . ., ... 

.. 15 .·The present sy$tem provides a solution to th~ ~bove problem, by 
. : . 

. . . . means of installing a series of PR IDs 9r ac*ive radio frequency devices at · 
' . . ' ·:· ·. : . : .· '. . .· . . . ~ 

.. · various predetermined locati~ns withirt ttie. pipeline. Such PR IDs ·or aetive · 
. : · ... :· ' . . . . . '... . . 

devices may ,be ins~alle~. at joints .. il'.1 the. pipeline,. somewhat in the manner 

described above· for t~e 'well casing __ or, pipe,. or in .o~her areas of the pipeline · 
.· .. ' . '· ·.: . 

20 . . as desired. .. The ''pig" may inclµde a trai:isrnitter and receiver similar to the 

... conventional units whlch_' may be ~sed in.well downho_I~: tools as described · 

above, with the transmitter unitser:iding a co11tinuous signal ~hich is received 
. . . . . ' . . . 

,, ... 

by each of the radio freq!Jency devices in t1,.1rn as the "pig" travels through the 
' . . . 

pipeline. The devices ~equentially provide. responses as: they are triggered by 

· . 25 . the. transmitter in th,e "pig," with the. receiver in thE! "pig" receiving the 
; . 

responding signals and the conven~ional recording means within the "pig" 

storing the location signals from the. PRIDs or active devices, in a manner 

similar to that descri~~dabove for well downhole tools,~aving self contained 

recording means therein. 

30 The data stored within the recording means, including. the responding 

signals from the PRIOs or other active responding devices, is . downloaded 
' . 
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after the "pig" is recovered and is examined,to determine if any flaws or other 
anomalies are presentJri\the pipeline. If an anomaty·'iS; .noted in the pipeline ·\:' ·: 

. . . data, its location is easily determined relatively precisely by noting the PRIO: 
or active device signal at that location, or to either side of the location of: the: 

5 anomaly. Workers may then repair the problem as required, without need to. 
spend substantial amounts of time and. effort searching a relatively· long · 
length of pipeline for the problem, and/or replacing a large amount of the line 
in order to be sure that the problem was taken care of. 

It may be desirable to provide a separate, relatively short section . of 
1 O pipe which incorporates a responding device therein; and which may ·be· 

added to an existing pipeline or string as desired. Such a unit 38, or "sub," is 
shown in section in Figure 3 of the drawings. The "sub" unit 38 Includes an 
internally threaded portion 40 at one. end thereof and ·an externally threaded 
portion 42 at the end opposite the internally threaded portion 40·, thus 

15 allowing the sub unit 38 to be assembled between two sections of pipe or 
string to act as a joint therebetween. The sub unit 38 is particularly 
configured for the installation of a PRID or active device therein, by means ·of . · 
the internal groove or channel 44 provided circumferentially about the interior 
of the unit 38. The channel 44 may include a PRID or other active radio 

20 frequency response device 30 imbedded therein, by means of a radio 
frequency transparent material 46 (e. g., resilient rubber or elastic material; 
plastic, etc.) installed within the groove or channel 44 for securing the PRID or 
active device 30 therein. In this manner, a series of such "sub" joints 38~ with 
each including a PRID or active device 30, may be manufactured and 

25 installed in the field in a pipeline or well string, as desired. It will be noted that 
while threaded connecting ends 40 and 42 are illustrated for the sub joint 38 
of Figure 3, that other connecting means (flanges, etc.) may be provided as· 
desired and in accordance with the configuration of the line in which the sub 
joint is to be installed, without departing from the scope of the present 

30 invention. 
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As noted further above,· th~ signal s~remgth of the responding devices 

(PRIDs or active devic~s)· need not ~e partic4larty high, as the receiver in the 
·,: ; .. · . . . 

·pipeline tool will always·. be· located quit19· close to 'th~ passive or active 
. . . . .. 

responding device. How~ver, additional signal strength may be desirable in 

5 certain circumstances,·p,articularly. in the.case of PRl:Ds which do not· have 

any supplemental ele~trical power put rely upon the electromagnetic energy . 

provided by the transmitted signal. Accordingly, it· may be desirable to 

provide some means of enhancing the· signal received for such PRIDs. One 

such means i$ disclosed in Figure 4, where .the PR1D or active device 30 · 
' ' 

10 includes. a circular loop antenna 48 installed therewith. ·The loop antenna 48 

is configured to fit closely within·· a corresponding : isection or joint of the 

pipeline; :casing, etc., 'as:.indicated, by the section. of loop antenna 48 shown 

installed in the ,section· of sub joint.38 of Figure 3. ·. · · · · · 

The loop antenna 46 also inclu~es a wrap or encircling portion 50 

. 15 · . s~.mounding the .corn!sponding. PRJD ·or a_ctiye device:30· installed therewith. 

The relatively large: antenna loop·48 (compared to the ~el~tively small antenna . 

of the PRID or other Pe.:vice 30, ·itself) is :capable of' receiving considerably: · 

greater signal strength:..frqm the transmitter as it passes :that point in the pipe, 
. ' 

as it completely surrounc:fs the transmitter during the transmitter passage. 
·. :·. . . : 

20 The, wrap of encircling antenna loop· component 50 surrounding the PRID or 

active device 30, thu$r~-radiates the received signal ·to the device 30, thus··. 

providing a much strot:tger signal to the device 30 thaf1 would be the case · 

without the supplementary loop antenna 48. 

In some. instances, it may· not be possible or. convenient to install ·a 

25 PRID or other radio . frequency responc:ling device 30 at ·a joint· location in a 

pipeline or pipe string.: Accordingly, Figure 5 illustrates ·a means of installing 

such a responding. device 30 at some intermediate point in a pipeline or 

string, without need for;.specialized ·pipe componenbs. ·Figure 5 illustrates a 

sleeve 52 formed of radio frequencytransparent·material (plastic, etc.) which 

30 may be installed within a pipeline or string. The sleeve 52·includes a PRID or 

active responding device 30 therein, and may also include an antenna loop 

20 
SUBSTITUTE. SHEET (RULE 26). 



., ..... 

. : ,: :. . . . ' ; . ; ~ ' ' : '. . : ·. . 

W000/60780 PCTtUSOD/09012 . 

48 therein. as welt As in the case of the responding device 30 and antenna. 
loop 48 of Figure 4, t~B''iantenna 48 may include a stil~'Uer loop 50~ encircling 

. the PRID or active device 30, and providing the benefits noted further above. 
The responding device 30 and antenna loop 48 rriay be encapsulated into 

5 the wall of the plastic sleeve 52 during manufacture. 
As noted herein, the responding. devices 30 may be of two classes. 

One class comprises PRIDs, or passive radio identification devices, which do 
not require any. additional form of electrical power. However, the other· class 
of active responding devices requires some form of electrical power to· 

10 provide a responding radio frequency transmission.. Accordinglyt ·such · 
devices also require some form of electrical power source. Conventional · · 
electrical storage batteries may be provided for such active devices, if so 
desired, with long battery life being achieved by means of "sleep" circuits iil 
such active devices to reduce electrical power requirements to practically nil 

15 when no radio signal is being received. 
Howevert the present invention may also inClude another means Of 

generating electrical power for such active responding devices, as illustrated.· 
in Figures 5, and 7. Figures 6 and 7 show an 0-ring, respectively 22a and·. 
22b, installed within respective gaps 20a and 20b between pipe sections 12at 

20 12a and 12b, 12b and surrounded by a pipe coupling, respectively 14a and 
14b in the two drawing Figures. Figure 6 also illustrates a portion of a pipe or 
well tool 24a disposed-within the pipe 12a. The groove or gap 20a of Figure .· 
6 includes a first electrochemically reactive metal component 54 therein, with 
the well or pipeline tool 24a including a second electrochemically reactive. 25 metal component 56 disposed to the outer surface thereof ... · The two metal 
components 54 and 56 are formed of dissimilar metals, e. g., copper and zinc, 
etc., having different electrolytic capacities. 

The fluid 58 which flows through the pipeline or well bore casing 12a, 
normally provides some efectrical·conductivity and serves as an electrolyte for 

30 the dissimilar metals 54 and 56. (The fluid 58 is not shown in the gap 20a in 
Figure 6, for clarity in the drawing Figure.) Accordingly, an electrical potential 
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is developed between the two ~is~imilar rT)etals 54 and 56, which may be 
.. . . 

used to provide the. rebativ~ly !)m~ll ~m.oµnt qf electrical, power required for the 
,:· . . ',. ,. . .. ' : .. 

operation of an activ~ J~dio identificf;ltion. ~evice (not. ~tiown in Figures 6 and· 

7, but shown schema(i6~lly in ~thEa,rdrCiwingfigures). U:is noted that while np 

5 electrical· connections are shown in Figure~ 6 and 7! such connections are 

conventional and well kfrown in the art •. 
. :· ':· .. ··: ·.· . 

As an example, afi.rst ele~rical connector may·p~ connected between 

one terminal of the acjive responding dev!ce and \tie. first· dissimilar metal 
: . ~ . : . . . . . . .. ., . . . . . . 

component 54, with a mutual ground conne~tor betwe.e11.the second terminal 

1 O of the responding devite ·and the second .metal co.mp~nent 56 of the pipeline 

tool 24a, as by rneans. of an efectricaJ contact betw~e11 the outer surface of 

the tool 24a and second terminal qf t_ne rt;!~ponding • ~evice. . The electrolytic 
. : . . . 

reaction ofthe dissimilar metals 54 ,and 56 e1nd at least :slightly electrolytically 
' .,. ; T •• ,' • 

reactive fluid 58, res~lt~ in~ curr~n.t flow .between the.-two metals 54 and 56 
- . l . - • 

15 and acro~s the responcling device, by means of the e1~¢rical contact between 

the tool 24a and seco"!ct termin~LofJh~ responding d~"jce. 
: . :; . :··. :; 

Figure 7 illustra~e.s .a variation '-lpon t~e assembly: of Figure 6, with the 

two dissimilar metal c9mponents .. 54a and0 Sf;>a both b,~ing ·installed· within the 

. wall of the pipe .12b, in .t_he gap 20b .. formed therein at,'th~ assembly joint. The · · 

20 fluid 58 flowing throug.h the pipeli.ne (not shown _in Figure 7,Jor clarity in the 
. ~ . . . 

drawing Figure) flows aroun_d and past the two met~I .components 54a and 

56a1 thus serving as. an electrolyte between the two~ . The. two components 

54a and 56a may be el~ctrically 9onnected. to the teiinirials of an active radio 

identification device, as is conventionally done · in'. 1t)e · case of electrical 

25 storage battery power for such devices. . However, :the· provision of the two 

electrochemically dis.si~ilar meta.ls 54a and 56a (or ,5 . .4 and 56, in Figure 6) 

serves to generate a certain amount of electrical energy, which ls sufficient to 
. . . . 

supply the relatively ~mall electrical energy need$, .pf .such active radio 

identification devices-as used in the present invention~.-
. : . . . 

30 In summary, the · presel'lt rnetho~ and app~ratus for determining 

position in a pipeline provides a much needed system fQr easily and precisely 
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determining the position of a well tool within a drilled oil, gas, or other well 
having a jointed well ca~mg, or the position of a pipelifie;·tool or "pig" within a 
pipeline. The present system Is relatively simple and· yet robust, with the 
PRID or active· devices being· used having great durability and reliability. The 

5 imbedding or sealing of each of the PRIDs or active devices within the 
resilient 0-ring (rubber, Teflon; tm, etc.) located at each casing or pipe joint, 
provides further protection for the devices while simultaneously locating them 
precisely at each joint. The prior logging of the well hole characteristics, such 
as geological characteristics, depth of various strata of interest, well name 

10 and/or number, diameter of the casing to be used, etc., into a database, 
provides an operator at the surface with all information necessary to 
determine the appropriate action to take and the appropriate positioning ~{ 
the tool for perforating the casing or other operations in the pipe. 

It will be appreciated to those· skilled in the art that the invention can be 
15 used in any 1ype of pipe or casing, either vertically or horizontally oriented, . 

and as found in refineries, chemical plants, oil and gas pipelines, 
underground water systems, or in any system where it is necessary to know 
the exact location of a tool or instrument being run through a pipe in any 
particular pipe system. The use of conventional self contained recording. 

20 means within the well or pipeline tool, enables the present invention to be 
used with "slickline" type tools as well, as no electrical or · other 
communication is required through the line. Accordingly, the present system 
will provide well drillers and operators, pipeline operators, and others working 
with similar systems, with· a much needed means of quickly, easily, and 

25 relatively inexpensively, determining the precise location of a well tool in a 
well and correlating that location with previously logged information for 
accurate operations. 

It is to be understood that the present invention is not limited to the 
sole embodiment described above, but encompasses any and an 

30 embodiments within the scope of the following claims. 
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CLAIMS· 

I claim: 

1. A method for determining position in a fluid pipeline, comprising the 

following steps: . 

(a) providing a pipe tool including a radio frequ~n.cy transmitter and 

receiver; : ~ ·. . 
- ' ~ . 

(b) further providing recording means for recording i:;ig.nals received by the 

receiver; 

(c) further providing a plurality of radio identification devices for resonating 

and transmitting responses to the receiver of the radio frequency transmitter, 

. when the radio identificati9n devices receive a signal from the radio frequency 

transmitter; , 

(d) · installing .· the rac:fio identification devices in ·· .. the · pipeline, at 

predetermined intervals thereamong; . . .· 

. (e) passing the pipe ~ool through the pipeline: .. ·· . ,. 

., (f) . sequentially trigg(;!ring a response from each of .the radio identification 

devices within by means of the .transmitter of::the pipe:tool, as the pipe tool . 

with its transmitter passes each of the .. radio identification .devices in the 

. pipeline; and 

. (g) recording the responses of the radio ·identification devices using the 

· recording means. 

2. The method according to claim 11 including the steps of: 

' (a) providing a plurality of joints along: the pipeline; and 

(b) installing. one of the radio identification devices at each of. the joints of 

the pipeline. · 

3. The method according to claim 21 including the steps of: 
' : . 

(a) installing each of the radio identification devices·in a resilient 0-ring: 

and 

(b) installing an 0-ring having one of the radio identification devices 

therein, at each of the joints of the pipeline. 

iiriifiiihf 
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1 4. The method accbtding to claim 1, including the st~~s of: 
2 (a) providing a closed . antenna loop for each of the radio identification 
3 devices; 
4 {b) encircling the radio identification device by wrapping a portion of the 
5 antenna loop therearound; 
6 (c) dimensioning the antenna loop for fitting closely within the 
7 circumference of the pipeline; and 
8 (d) installing the antenna loop and radio identification device encircled 
9 thereby, within the pipeline. 
1 5. The method according to claim 1, including the steps of: 
2 {a) providing a plurality of radio frequency transparent sleeves configured 
3· for closely fitting within the pipeline; 
4 (b) installing one of the radio identification devices within each of the 
5 sleeves; and 
6 (c) installing each of the radio identification device equipped sleeves 
7 within the pipeline, at predetermined intervals thereamong. 
1 6. The method according to claim 1, including the steps of: 
2 (a) providing a plurality of radio frequency transparent sleeves configured 
3 for closely fitting within the pipeline; 
4 (b) further providing a closed antenna loop for each of the radio · 
5 identification devices; 
6 (c) dimensioning each antenna loop for fitting closely ·within the 
7 circumference of a corresponding one of the sleeves; 
8 {d) encircling each of the radio identification devices with a corresponding 
9 antenna loop;. 

1 o (e} instafling one of the antenna loops and radio identification devices 
11 encircled thereby, within each of the sleeves; and 
12 (f) installing the sleeves with their radio identification devices and antenna 
13 loops, at predetermined locations within the pipeline. 
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1 · 7. The method according to claim 1, wherein the. step of recording the 

2 responses of the radiQ identificf;ltion devices using :!tti~ recording means 
. ·.:! .. · .. 

3 . further includes the steps of: 

4 (a) installing. the recording means at a_ loc~tion remo~e· from the pipe tool; 

5 

6 

7 

8 

1. 

(b) - providing a communication line between the recording means and the 

pipe tool; and · 
! : 

(c) _ transmitting the Je;;ponses to the remotely locat~(f; recording means by 
. . ··. 

means of the communi~a,~ion line. 

.2 

3 

8 •. · The method acc()rding to claim 1, wherein the step of recording the. 

responses of the radJo. , ideQtification devices using t~~ recording means 

further includes the ~t~~s of: . . . . 

. 4 . (a) installing the recording means within the pipe to.cl; _ 

5 (b) . recovering the. pip~ tool from. the pipeline; and .. ·· . 
. : ; .. . .· . . . 

6 (c) downloading the responses from the recording means. of the pipe tool. 

1·· . 9. .. ·The method acc;ording. to claim 1, including .. the step of providing 

2 battery electrical. power fQr each of the radio identification· devices. : 
·.;' . .. . . 

. 1.. 1.0. The method.a.ccprding to claim 1, jncluding the steps ot 
2. (a) providing .first and- second .electro~hemicalfy reactive dissimilar metals 

3 within the pipeline, .for each of the radio identification devices; · 

·4 (b) . ~lectrically conne~ing ~he first and se_c~md dissimilar metals to the 
';: .· 

5 · radio identification devices; · 

6 (c) ... separating the fin~t. and second dissimilar metal~ ~y providing flow of 
.·.:. . . . . . 

7 . the fluid within the pipeline, therebetween; and 
.• . . . . 

. -

8. (d) utiliz~ng electrolytic properti~s of the fluid for .electrochemically 

9 generating electrical po~er for the radio identification devices by means of the 

1 O first and second. dissimil~~ metals electrically connected thereto, and the fluid 

11 . disposed therebetween. 

1 11. An apparatus for .~etermining. position in a fluid pipeline, comprising: 

2 a pipe tool for pa~ing through the pipeline, said pipe tool including a . 

3 radio frequency transl'l'litter and receiver; 

4 recording mean~ for recording signals received by said receiver; and 
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5 a plurality of radio identification devices disposed: within the pipeline at 
6 predetermined intel"((l~s thereamong, for resonEi!i.'119 and transmitting . ,, ;'··· 

; 7 responses to said receiver of said radio frequency transmitter when said radio 8 identification devices receive a signal from said radio frequency transmitter as· 9 said transmitter is passed through the pipeline. 
1 12. The apparatus according to claim 11 wherein the pipeline includes a 2 plurality of evenly spaced· joints thereamong, including a resilient 0-ring 3 installed at each of said joints with each said 0-ring including one of said 4 radio identification devices disposed therein. 
1 13. The apparatus according to claim 12. including a closed circular 2 antenna loop diSposed within each said 0-ring with each said antenna loop 3 encircling one of said radio identification devices. 
1 14. The apparatus according to claim 11 wherein the pipeline includes a 2 plurality of joints thereamong, including a closed circular antenna loop 3 disposed circumferentially within the pipeline at each of the joints with each 4 said antenna loop encircling one of said radio identification devices. 
1 15. The apparatus according to claim 11. including a plurality of radio 2 frequency. transparent sleeves for installing in the pipeHne at predetermined 3 intervals and closely fitting within the pipeline. with each of said sleeves 4 including one of said radio identification devices disposed therein. 
1 16. The apparatus according to claim 15, including a closed circular 2 antenna loop disposed circumferentially within each of said sleeves with each 3 said antenna loop encircling said one of said radio identification devices 4 disposed within each of said sleeves. 
1 17. The apparatus according to claim 11. wherein said recording means 2 comprises a data recording device externally disposed to the pipeline tool and 3 to the pipeline, and including a communication line extending between the 4 pipe tool and said recording means. 
1 18. The apparatus according to claim 11 t wherein said recording means 2 comprises a data recording device disposed within the pipeline tool, for 

27 
SUBSTITUTE SHEET (RULE 26) 



. WO 00/60780 

I 1111111111111 11111 1111111 1111 
* C L M S * PCT/US00/09012 

3 downloading data from said data recording device after the pipe tool with said 

4 data recording device is recove~ed from the pipeline. 

1 19. The apparatus· according to claim 11, wherein sa!d radio identification 
. . 

2 devices are active· devices requir.ing electrical power with each of said devices 

3 including an elect.rical battery therewith. 

1 20. The apparatus according to claim_ 11, wherein:. 

2 said radio identification devices are active devices requiring electrical 

3 power; · 

4 each of said radio identification devices include~ a first and. a second 

~ electrochemically reactive dissimilar metal electrically connected thereto; and 

6 · each said dissimilar metal. be.ing separated_ from one another by the 

7 fluid .. w.ithln the ·pipeline for electrochemically generating electrical power for 

8 . said each of said radio identi~cation qevices . by means of eleCtrolytic. 

9 properties of the fluid and corresponding electrochemical reactions with said 
·. ' ' ' • . a • . ·, ·. ' 

10 first and said second dissimilar metal. 
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