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(57) ABSTRACT 

A method, system, and apparatus are described for locating, 
installing, inventorying, actuating, and/or accessing down 
hole equipment in a wellbore. This comprises tagging a 
casing by inserting permanent components of material com 
positions within sections along the length of a casing. 
Inserted components and/or portions of an original section 
function as unique readable active and/or passive markers. 
The piping system comprises at least one pipe having a 
plurality of markers placed in radial sections strategically 
arranged with independently identical or different material 
compositions or embedded in a length of the wellbore 
casing. The sections function as markers forming a readable 
pattern readable by the reader(s). The reader is one of or a 
combination of any of the group consisting of a plug, a 
probe, a sensor, and/or a computer for reading markers. The 
reader travels in either a forward or backward direction. 
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1. 

APPARATUS, METHOD, AND SYSTEM FOR 
IDENTIFYING, LOCATING, AND 

ACCESSING ADDRESSES OF A PPNG 
SYSTEM 

PRIORITY 

This application claims priority under 35 USC 119 from 
Provisional Application No. 61/970,563 entitled “Appara 
tus, Method, and System for Identifying, Locating, and 
Accessing Addresses of a Piping System', filed Mar. 26, 
2014, and Provisional Application No. 61/970,775 entitled 
“Location and Stimulation Methods and Apparatuses Uti 
lizing Downhole Tools', also filed Mar. 26, 2014. 

TECHNICAL FIELD 

This invention relates to apparatus, methods, and systems 
used for locating and accessing addresses in one or more 
pipes. More specifically, the invention is directed to the 
drilling and completion of wells, such as hydrocarbon pro 
ducing oil and gas wells. Most specifically, the invention 
involves locating specific addresses within these wells 
before, during, or after operating the wells. 

BACKGROUND 

Hydrocarbon fluids such as oil and natural gas are 
obtained from Subterranean geologic formations (i.e., “res 
ervoirs”) by drilling wells that penetrate the hydrocarbon 
bearing formations. Once a wellbore has been drilled, the 
well must be “completed before hydrocarbons can be 
produced from the well. A well completion involves the 
design, selection, and installation of tubulars such as pro 
duction tubing, drill pipes, landing nipples, gas lift mandrels, 
flow control devices, Subsurface safety valves, packers, and 
collars with associated tools and equipment, such as perfo 
ration guns, that are located in the wellbore. The purpose of 
well completion is to convey, pump, and/or control the 
production or injection of fluids in the well. After the well 
has been completed, increased production of hydrocarbons 
in the form of oil and gas begins. 

In many cases it is necessary to lower one piece of 
equipment into the well so that it can be installed, activated, 
inventoried, accessed, or otherwise manipulated according 
to a particular location in the wellbore (e.g., installing a gas 
lift valve in a particular gas lift mandrel when there may be 
several gas lift mandrels at different depths in the wellbore). 
Often it is necessary to perform a desired action at a desired 
location (e.g., a perforating gun that uses shaped charges to 
create holes in a well casing at a particular depth in the well). 

In the past, rather complex methods have been used to 
determine when a given piece of downhole equipment is in 
the desired location in the wellbore. These methods are often 
imprecise, complex, and expensive. 
There is a continued need for developing more intelligent 
and adaptable methods of drilling and completing oil and 
gas wells and for producing hydrocarbon containing fluids 
therefrom. 

SUMMARY OF THE INVENTION 

The present disclosure describes an apparatus, method, 
and system primarily designed for installing, inventorying, 
actuating, and/or accessing down-hole equipment in a well 
bore. The method and apparatus comprises providing, first, 
a permanent structure Such as a casing, collar, or other 
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2 
primarily cylindrical device, with an outer diameter that is 
smaller than the diameter of aborehole, to be inserted within 
the well bore. The present disclosure includes modifying the 
casing by using selected unique material compositions of 
pre-specified dimensions that reside inside and/or on an 
outer Surface along a designated length of the casing. In this 
way, one or more patterns or sequences of patterns are 
developed along the casing providing a readable identifica 
tion (ID) code. The identification (ID) code can be detected, 
received via transmission, and/or stored using appropriate 
devices. These patterns are created by strategically placing 
sections of materials of identical or differing composition(s) 
along both radial and axial sections (portions) of the casing. 
These selected materials can be conductive or non-conduc 
tive and collectively provide an ID code when used in 
combination with a reader. 
More specifically, the present disclosure describes at least 
one device comprising; a unit for reading markers along a 
length of a piping system that reads strategically arranged 
sections of at least one pipe so that the sections comprise 
independently identical or different material compositions 
along an internal and/or external Surface and/or embedded 
in, a length of the pipe, and wherein markers are placed on 
or in the sections so that the markers form a readable pattern 
or sequence of patterns that are read by the unit thereby 
providing data and specific locatable addresses along the 
length of the pipe. 
Additionally, the present disclosure describes a piping sys 
tem comprising; at least one pipe having sections strategi 
cally arranged so that the sections comprise independently 
identical or different material compositions along an internal 
and/or external surface and/or embedded in, a length of the 
pipe, wherein a plurality of passive and active markers that 
are distinguishable are placed in the sections forming a 
readable pattern or sequence of patterns that is read by at 
least one reader, thereby locating specific addresses that are 
internal, external, or both internal and external along the 
length of the pipe. 
In an associated embodiment, the present disclosure pro 
vides at least one device comprising; sections in at least one 
pipe strategically arranged so that the sections comprise 
independently identical or different material compositions 
along an inner Surface and/or an outer Surface, or between 
the inner and outer Surface(s) along a length of the pipe, so 
that the sections themselves form a distinguishable readable 
pattern or sequence of patterns read by a reader. 
More specifically a separate method includes installing, 

inventorying, actuating, and/or accessing down-hole equip 
ment in a wellbore comprising: 

(i) marking a wellbore casing by inserting permanent 
components of selected material compositions within 
sections along a length of the casing within the well 
bore, wherein the components and/or portions of an 
original section of said the casing together function as 
unique readable active or passive markers, 

(ii) reading the markers, and; 
(iii) acting upon reading the markers using at least one 

reader. 
The reader associated with both the method and appara 

tus, that completes one aspect of the system, is the use of any 
device including a probe, plug, sensor, code scanner, bar 
code scanner and/or computer that searches, acquires, 
senses, analyzes, stores, manipulates, and/or redirects data 
acquired from the casing. In other words, the reader device 
must be capable of distinguishing changes in the strategic 
placement of the different material compositional sections, 
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and the associated material properties that are placed in or on 
these sections along the length of the casing, pipe, or piping 
system. 
The method includes inserting markers in strategically 

placed locations along an axial and/or radial portion of the 
casing creating one or more patterns or sequence of patterns 
wherein the markers are comprised of components each 
possessing, independently, identical or different selected 
material compositions with corresponding cross sectional 
areas. The material compositions may be solid, conductive, 
or non-conductive metals, wire and/or screening metals, 
and/or polymers that may or may not be filled with conduc 
tive and/or magnetic fillers. In one embodiment, these 
sections are often conductive or non-conductive radial rings, 
comprised of independently the same or different materials 
and changeable dimensions along both the radial and axial 
direction of a collar. These rings also function as markers in 
that the insulative or conductive (or at least semi-conduc 
tive) alternating material properties along the continuous 
length of the collar provide the ability for the reader to read 
specific addresses. The pipes and piping systems may be 
used for purposes other than oil and gas well completion. In 
one configuration, at least two or more of the components 
are conductive rings which, when energized, comprise 
active markers, that together with passive markers along the 
length of the casing, individually or collectively function by 
providing a readable identification (ID) code. The readable 
identification (ID) code is created when one or more patterns 
or sequence of patterns are read by the reader. The readable 
identification (ID) code obtained from the patterns and 
interpretation of the code provides the ability to determine 
precise locations along a specific length of the casing. These 
locations are specific addresses that correspond with a 
detectable feature at the surface of, or embedded in, the 
casing. By providing the readable ID code in this manner, 
the markers can appear as multiple patterned readable bars 
to a reader that is reading, (in some cases by Scanning), the 
permanent markers (sectional components) imbedded within 
or on the Surface of the casing. These bars can be read as 
distinct spatial codes, distinct binary codes, and/or arranged 
to be read as bar codes. 

Reading by Scanning or otherwise acquiring and detecting 
the spatial, binary, and/or bar code with at least one reader, 
enables finding the exact address along the length of the 
casing. The casing is often a production collar within a 
borehole. 

For this method, the casing can be a production collar, and 
the at least one reader can be at least one probe wherein the 
probe is an autonomous tool (functioning on its own and in 
Some cases being preprogrammed). The reader can also be 
one or more tethered probes wherein at least one probe 
functions alone or in any combination as a plug, sensor, 
computer, recorder, detector, Scanner, and/or barcode scan 
ner. The at least one probe detects material property differ 
ences within the permanent components within the sections 
(or portions of the sections) along the length of the casing. 
The materials of composition and/or the markers can have 
discontinuities in material properties including electrically 
conductive materials with non-conductive gaps. 

In yet another embodiment, the reader(s), as indicated 
above, are substantially autonomous tools such as a probe. 
The probe functions singularly, collectively (there may be 
multiple probes) or in any combination as a sensor, computer 
with or without storage memory, recorder, Scanner, and/or 
barcode scanner. Reading by the probe(s) occurs via trans 
mitting, computing, recording, receiving, storing, distin 
guishing and/or measuring, at least a portion of data received 
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4 
by the probe or exchanged between multiple probes, as 
needed. Data signals can be actively or passively transmitted 
from the casing. The probe can be moving or stationary and 
the data signals are read while the probe is moving or 
stationary. Likewise, the collar and/or casing may be moving 
or stationary. In this embodiment, the casing itself can be 
acting as a probe and the casing could be moving or 
stationary. The probe could also be moving or stationary 
separately or in concert with the casing. Signals are read 
while the probe (or casing/collar) is moving or stationary. 

In an additional embodiment, the at least one probe 
functions as a sensor that senses changes in permanent 
components of selected material compositions along a 
length of the casing. This method is used when permanent 
marking of the casing is desired. Here again the casing could 
be a production collar installed in the wellbore. Permanent 
components are placed as radial sections in and along the 
length of the casing. Marking of the casing is accomplished 
before or during the casing installation, and/or marking is 
provided in production collars being installed in the well 
bore. The probe acting as a sensor provides readable (ID) 
code that identifies specific collar features. More specifi 
cally, providing the readable ID code to a reader is one 
method for identifying specific collar mechanisms. Even 
more specifically, providing the readable ID code to a reader 
is another method for identifying branching of a borehole 
collar. In all cases, the readable ID code is being read by the 
reader and the reader can be stationary or moving. The code 
can also be read while the reader is moving in either a 
forward or backward direction. To ensure the overall code 
can be read in both directions, the code is normally provided 
with both a leader code and a trailer code. This distinguishes 
not only precise addresses (locations), but also the direction 
and location associated with the code. 

Readable ID code provided to the probe (or any reader) 
assists in identifying specific borehole features. Providing 
the readable ID code to a reader assists in identifying 
specific casing mechanisms (such as valves). Providing the 
readable ID code can assist in identifying branching of a 
borehole casing. The readable ID code can be read by the 
reader when it is moving in either a forward or backward 
direction. The readable ID code can be read by a reader, 
which is tubing conveyed, on a wireline, or independently 
propelled, so that the code is translated into data, wherein the 
data is sent to an uphole surface of a wellbore. The readable 
ID code can be conveyed uphole to the surface by sending 
data from the code obtained to the uphole surface. 

It is also possible to provide readable ID code read by a 
reader wherein the reader is not connected to the uphole 
surface. In this case, the readable ID code is read by a reader 
connected to equipment not limited to measuring, comput 
ing, recording and/or actuating. The readable ID code is read 
by a reader moved by fluids in the wellbore and not limited 
to fluids for pumping and production. In one of yet another 
set of embodiments, the readable ID code is read by at least 
one reader moved by gravity, moved by buoyancy in the 
fluid, moved by self-propulsion, or any combination of these 
methods, during use within the well. In an alternative 
embodiment, the readable ID code is read by a reader moved 
by self-propulsion. 

For the methods described above, the reader (probe or 
other devices) has the ability to take action upon reading 
readable ID code. This action can include: releasing 
mechanical keys, actuating an electrical, magnetic, electro 
magnetic, pneumatic, hydraulic, or fiber optic device or 
other communications circuit, and/or initiating measure 
ments of these devices or circuits before, during, or after 
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well completion. In many cases, these measurements regard 
the collar, and/or the borehole, as well as sections and 
portions of sections along the length of the piping. 
The action upon reading readable ID code can be com 

municating with equipment along a length of the casing. 
Actuating communications can be accomplished autono 
mously by the probe, or remotely using communications 
with the equipment at the surface of the borehole. 
An additional embodiment includes a piping system com 

prising; at least one pipe having sections strategically 
arranged so that the sections comprise independently iden 
tical or different material compositions along a Surface or 
embedded in, a length of the pipe, wherein a plurality of 
passive and active distinguishable markers are placed in the 
sections forming a readable pattern or sequence of patterns 
that is read by at least one reader, thereby locating specific 
addresses along the length of the pipe. 

In yet another embodiment, at least one device is com 
prised of a unit for reading markers along a length of a 
piping system that reads strategically arranged sections of at 
least one pipe where the sections comprise independently 
identical or different material compositions along a surface 
or embedded in, a length of the pipe, and wherein markers 
are placed on or in the sections so that the markers form a 
readable pattern or sequence of patterns that are read by the 
unit thereby providing data and specific addresses along the 
length of the pipe. 

In another embodiment, at least one device is comprised 
of sections in at least one pipe strategically arranged so that 
the sections comprise independently identical or different 
material compositions along an inner surface, an outer 
Surface, or between inner and outer Surface along a length of 
pipe, so that the sections themselves form a distinguishable 
readable pattern or sequence of patterns that are read by at 
least one reader. 

In a further embodiment, at least one pipe comprises a 
plurality of passive and active markers placed in sections 
strategically arranged so that sections comprise indepen 
dently identical or different material compositions along a 
Surface or embedded in, a length of pipe, so that markers 
form a readable pattern or sequence of patterns readable by 
at least one reader. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a schematic drawing of a completed assembly 
of an untethered probe that is fully housed in a smooth 
enclosure. The probe is shown to exist within a coded 
casing. 

FIG. 1B is a schematic depicting an untethered probe 
within a casing with a top half of the probe having an outer 
Surface covering an inner portion of the probe and a lower 
half having the outer surface removed so that the coiled 
sensors can be viewed. The probe is depicted to be within a 
coded casing. 
FIG.1C is a cross-sectional schematic view of the internal 

portion of an untethered probe with a rounded top portion 
and a tapered bottom portion. The probe is depicted as being 
inserted within a coded casing. 

FIG. 1D is a schematic depicting the external surface of 
a tethered probe with a tapered end residing within a 
cross-section of a coded casing. 

FIG. 1E is a schematic of a cross-sectional internal 
portion of a tethered probe with a tapered end, including 
bulkhead and electrical components. The probe is depicted 
to be within a coded casing. 
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6 
FIG. 2A illustrates a portion of a probe with a threaded 

male adapter. 
FIG. 2B illustrates an untethered probe with a female 

jacketed upper end. 
FIG. 2C illustrates a tethered probe with a female jacketed 

covered upper end. 
FIG. 3A is a schematic depiction of a cross-sectional 

portion of a coded casing and a portion of a probe with a 
single coiled sensor. 

FIG. 3B is a sample of data output from the probe using 
a single sensor for sensing differences in a coded casing. 

FIG. 4 is a visual display of the readable identification 
(ID) code of a coded casing and associated digital signals 
obtained during reading. 

FIG. 5 is a schematic representation of an alternate 
embodiment depicting a casing with sensors using a coded 
probe. 

FIG. 6 is a schematic of multiple coded ringed sections 
and associated coded signals received by insertion of the 
ringed sections within a casing or a reader (probe). 

FIG. 7A depicts the use of multiple sensors for reading 
multiple coded rings. 

FIG. 7B depicts the output signals received when using a 
single moving sensor for reading multiple coded rings 

DETAILED DESCRIPTION 

As Summarized above, one embodiment of the present 
invention is a method of installing, inventorying, actuating, 
and/or accessing down-hole equipment in a wellbore com 
prising: 

(i) marking a wellbore casing by inserting permanent 
components of selected material compositions within 
sections along a length of the casing within the well 
bore, wherein the components and/or portions of an 
original section of the casing together function as 
unique readable active or passive markers, 

(ii) reading the markers, and; 
(iii) acting upon reading the markers using at least one 

reader. 
I. Providing a Coded Casing 

In this embodiment, the method (and overall system) 
involves inserting markers in Strategically placed sections of 
the pipe, so that patterns or sequences of patterns are created 
along and within an (axial and/or radial) portion of a pipe, 
piping system, collar, or casing. Markers are comprised of 
(in most cases radial) sections each possessing, indepen 
dently, identical or different selected material compositions 
that are either on the surface or embedded within cross 
sectional sections of the casing. In one embodiment, the 
casing provides two or more sections (or rings inserted into 
the casing) that are; conductive and/or non-magnetic, non 
conductive and/or magnetic, or non-conductive and/or non 
magnetic. Using these sections (rings) collectively along the 
length of the casing creates the basis of a readable identi 
fication (ID) code. The code corresponds with one or more 
specific patterns due to the insertion of different material 
compositions in the casing, which allows for distinguishing 
the markers. The different material compositions, exhibit 
contrasting resistivity values along the length of the casing. 
By inserting these different sections (and/or markers) into 
the casing (in Some cases sections of the rings are composed 
of different materials), a basis is formed for determining 
discrete locations that are specific addresses based upon 
reading the ID code. The addresses are read and correspond 
to code that exists as portions of the casing. These casing 
sections and associated portions are conductive, non-con 
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ductive, semi-conductive, magnetic, non-magnetic, radioac 
tive, non-radioactive, energized and/or non-energized, 
resulting in providing for readable patterns or sequences of 
patterns. 

Collectively, the casing sections, with or without markers, 
are placed along the casing (or collar). Rings (acting as 
markers), with varying thicknesses and widths, can be 
inserted directly into sections of the casing and thereby 
provide readable pre-addressed ID code that corresponds to 
a precise address in the casing. In this manner, the pre 
addressed ID code can be developed as either a type of 
passive or active “casing code'. How the code is detected, 
received, and/or transmitted is dependent on which materials 
are used for each section of the casing (or the types of rings 
used and their placement). The casing sections or the rings 
or both may be "doped with additional elements that can be 
read (detected) by the reader. In this case “doped or doping 
is intended to mean adding specific features to the overall 
material compositions that can be activated or that can be 
easily detected. Detectable properties and associated prop 
erty values and/or signals can be emanated, transmitted, 
absorbed, and/or reflected and then read from materials 
requiring no doping (Such as magnetic or conductive mate 
rials) as well as from doped materials. 

It is possible to embed, by doping or other methods, 
specific materials in the casing and/or markers. It is also 
possible to insert electrical, mechanical, magnetic, electro 
magnetic, and/or optical circuits or corollary circuitry into 
these specific materials. The types of embedded circuits for 
example may include active or passive resonant circuits, 
transformers, analog or digital transponders. The detectable 
properties and/or signals can be detected by distinguishing 
Some aspect of a material property including magnetic fields 
and resulting magnetic eddies, from sensors, and/or from 
(frequently programmed) circuitry. In all cases, the overall 
material composition of the rings and/or other sections of the 
casing are different resulting in detectable, readable differ 
ences. These detectable differences provide patterns or a 
sequence of patterns. 

Sections (or portions of sections) of the casing which are 
non-conductive and/or are void of circuitry will not emit or 
emanate signals. Instead, these “passive' non-energized 
sections of the casing also have detectable properties (e.g. 
resistivity, conductivity and/or magnetism), which when 
used to provide a basis for distinguishable code, assist in 
locating other addresses. The addresses, based upon the 
casing properties that are detected, are found when a specific 
length of the casing (with or without markers) provides a 
fully developed code along that specific length. In this 
manner, the entire casing (or collar) can be logged (mapped). 
This allows the casing to act as a “passive code providing 
device. In order to read this code, at least one code reader, 
such as a probe, must be employed. The reader will also be 
selected to be active or passive, depending on the properties 
of the casing. 

It must be emphasized, that a key aspect of the present 
invention is that the casing (or pipe or pipeline or collar) 
within the borehole, is permanent. This allows for the 
creation of a robust and extremely long lived (in comparison 
with any other known systems) wellbore address locator that 
functions during the entire life of the wellbore. As previ 
ously stated, the readable identification (ID) code provides 
the reader or user or both, with the ability to determine 
precise locations along a length of the casing. These loca 
tions are specific addresses that correspond with a detectable 
feature at the surface of, or embedded in, the casing. By 
providing the readable ID code in a permanent manner, the 
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8 
markers can appear as multiple patterned readable bars to a 
reader that is reading, (in some cases by scanning), the 
permanent markers (sectional components) of the casing. 
Taken in total (collectively), the bar codes are permanent 
identification (ID) codes which when read by a single probe 
(or multiple probes) are capable of providing positional and 
overall compositional make-up of specific local addresses 
along the casing. In this manner, the casing is fully “logged” 
and the wellbore is completed with a “signature' that allows 
acting with precision within the wellbore, where and when 
needed. In order to ensure meeting these requirements 
additional embodiments of the present invention exist. 
II. Providing an Active Reader for Reading the Coded 
Casing 

In all cases described, the reader can exist as a probe, a 
scanner, a bar code scanner, a computer, a detector, a 
transmitter and/or a receiver that travels inside the coded 
casing described above. In one instance, a data signal is 
emitted by a reader in this case a probe—and sent to the 
casing for reading the code. The signal is Subsequently 
“reflected” and received by the same or a different probe or 
set of probes, yielding at least position and material com 
position dependent data obtained from the coded casing. 

In a special set of embodiments that is diagrammed 
schematically in FIGS. 1-4 described herewithin, the casing 
has at least one permanent identification (ID) code using 
materials which exhibit different responses to eddy current 
measurement. The probe measures the eddy current effect in 
the casing and the permanent identification (ID) codes. 
The eddy current effect is well understood by those 

trained in the art, but is described more fully as follows: the 
probe emits energy which can be detected and invokes a 
response from the coded casing. In this case the probe emits 
electromagnetic radiation resulting in eddy currents in the 
coded casing, which are measured by eddy current sensors, 
as the energized probe travels along the length of the casing 
(or collar). The probe could also function as a receiver to 
receive signals from the casing (described in more detail 
below). Different material compositions in the coded casing 
exhibit different resistivity values. Copper, for instance, is a 
good conductor of electricity but is non-magnetic and exhib 
its a low resistivity, in comparison with steel. Steel exhibits 
a higher resistivity than copper but is magnetic. Plastics are 
neither conductive nor magnetic unless filled or otherwise 
treated with conductive and/or magnetic elements. 

In this embodiment, the resistivity differences due to the 
varying material compositional sections (which may be 
markers) along the length of the casing, are determined by 
non-contact eddy current measurement techniques. As a 
result of sending a small amount of current (mA) into an 
eddy current sensor, a magnetic field and associated eddy 
current is induced. Most specifically, at least one ring shaped 
eddy current sensor and underlying eddy current ring shaped 
shield is placed either on the surface or embedded within the 
probe. This combination masks the sensing of eddy currents 
inside the probe. This technique ensures that there is no 
interference in the measurement of either the magnetic field 
or resultant eddy current due to the presence of the probe. 
The shields are optional, but preferred. 

Without this shielding on the probe, the ability to perform 
the desired measurements of eddy currents in the coded 
casing would be greatly diminished. The eddy current shield 
underlying the eddy current sensor results in directing the 
sensitivity of the sensor in a radial direction away from the 
probe and therefore toward the casing. This technique 
ensures that the sensor preferentially measures, almost 
exclusively (without interference from stray currents or 
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energy fields), resistivity differences existing in the various 
material compositional sections (or markers or both) along 
the length of the casing. 

The probe associated with this system also functions as a 
reader of the coded casing. The coded casing is read by 
sensing (as the probe is traveling in either direction and at 
times can be stationary within the casing) markers that 
correspond with the equivalent of bars having differing 
widths formed by “seeing portions of rings embedded 
along the length of the casing. These patterns collectively, 
when read, provide casing codes. Collectively, these bars 
make-up the patterns that essentially are the same as a bar 
code. The probe, therefore, in this case, serves at least two 
functions; reading casing code and providing eddy current 
sensor(s) that measure resistance of the different material 
compositions in the casing. The measurements depend on 
the probe's location with respect to specific sections (mark 
ers, rings, etc.) within and along the coded casing. 
By inserting into the casing at least one marker (ring) 

made with materials exhibiting a low resistivity but no 
magnetic permeability (i.e. copper or silver) and another 
marker (ring) with materials exhibiting a high resistivity and 
high magnetic permeability (i.e. ferrite) it is possible to 
distinguish these markers (either in the form of rings or as 
sections of the casing itself) from one another, by comparing 
eddy current values using the eddy current sensors carried 
by the probe. 

Another function of the markers (rings) is to shield the 
(metallic) casing from being measured by the eddy current 
sensor (thereby masking the casing). To ensure full shielding 
of the casing occurs, in the case of the low resistivity but 
non-magnetic permeability ring (i.e. copper or silver), the 
material must be significantly thicker than the skin effect 
utilized by the eddy current sensor. In the case of the markers 
(rings) exhibiting a high resistivity and high magnetic per 
meability (i.e. ferrite), the induced magnetic field providing 
the eddy current sensor never reaches the metallic casing. 

Most specifically, in developing the probe and associated 
passive code generating device (i.e., the casing, etc.), it is 
important to generate "clean' signals. Here, the word 
“clean” refers to signals that are mostly free from or easily 
contrasted with background noise, are easily detectable, are 
determined to be from an exact and specific source, are 
clearly resolved, and if necessary, amplified. These signals 
provide a method for the probe to act or react as needed and 
in Some cases, the signals may be sent uphole for a user to 
interpret. 
By utilizing both a probe and coded casing as described, 

an uninterrupted, unimpaired, easily detected material prop 
erty change in the markers (rings) is accomplished using 
easily detected changes in eddy current values received from 
the coded casing on a permanent basis. 

Additionally, the probe may be moving or stationary and 
includes several features that allow for ease of travel within 
the fluid regions confined within the casing (or collar) 
residing in the borehole. These features include geometry 
constraints such as pointed or rounded mechanical portions 
of the probe at one or both ends. The probe must be water 
and pressure resistant and as “leak proof as possible to 
withstand harsh pressure and temperature downhole condi 
tions during operation. In addition, the probe can also 
include some form of random access memory (RAM) 
included with a computing device (computer) and with 
electronics powered by a power Source, such as a battery. 
The combination code-and-reader system is shown in 

FIGS. 1A-1E. FIG. 1A is a schematic representation of one 
type of a code-and-reader system 100, with a casing 102 
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10 
shown to contain a probe 110 having an outer portion 
(surface) 120, a conical terminus 128 with an optional 
access point 129 for a connector (not shown) and an upper 
end probe portion 127. The probe 110 depicted in FIG. 
1A is an example of an untethered probe 112 having a 
rounded upper end probe portion 127. The outer portion 
(surface) 120 is smooth and void of external features so 
that there is no interference with the motion of the probe 
110 or in communicating with the probe 110 while in the 
casing 102. 

FIG. 1B is also a code-and-reader system 100, with a 
casing 102 that has different material sections functioning 
to provide a coded region (set of rings) within a specific 
coded region of the casing 105 The casing houses a probe 
110 having an outer probe portion (surface) 120, a 
conical terminus 128 with optional access 129 for a 
connector (not shown), an upper end probe portion 127. 
sensor coil(s) 125 which extend along the circumferential 
surface of the foil shielding 124 of the probe 110 and are 
connected via a wiring bundle (not shown) for sensor coils 
126. The probe 110 depicted in FIG. 1B is an example of 
an untethered probe 112 having a rounded upper end probe 
portion 127, thus providing an autonomous probe capable 
of operating without further mechanical direction. 
The coded region of the casing 105 is constructed from 

different material sections positioned along the casing 102 
in such a manner as to provide “readable' variations in the 
casing 102 creating a coded casing with an exact address. 
The sensor coil(s) 125, when energized provide sensing 
capability to interpret the code from the coded region of the 
casing 105. 

FIG. 1C is a cross-sectional area depicting the untethered 
probe 112 version of the code-and-reader system 100 of 
FIG. 1B. The inner cross-sectional portion of the probe 150 
provides the probe 110, in an untethered probe 112 
version, with a pressure vessel 160 component and a 
female jacketed upper end 180 component (shown as 
rounded). The female jacketed upper end portion 180 of 
the probe 110 holds mechanical components which can 
operate at normal well bore pressures. 
The power supply unit 158 provides energy to the com 
ponents of the probe 110 via an electrical wiring system. 
Energy is distributed to the electronic sensor and control 
board 156 in order to energize the motor and shaft 162 for 
the rotating of the magnetic couplings, provided as an inner 
portion of the rotating magnetic coupling 164 and the outer 
portion of the rotating magnetic coupling 166. With ref 
erence to the inner and outer portion of the rotating magnetic 
couplings 164,166), “inner” refers to the portion of the 
rotating magnetic coupling that is inside the pressure vessel 
160 and “outer refers to the portion of the rotating 
magnetic coupling that is outside the pressure vessel 160. 
The coupling can also be comprised of permanent magnets. 
The magnetic coupling 164.166 operates using the motor 
and shaft 162 and provides a magnetic field 167, which 
couples the torque of the motor 162 through the magnetic 
coupling seal 168 to the outer magnetic coupling 166. 
This coupling ensures that the seal of the pressure vessel 
160 protects the internal elements within the pressure 
vessel 160. 
The pressure bulkhead 152 is an electrical feed-through 
that serves as a junction for the wiring system and also 
energizes the probe 110. It is housed in the conical 
terminus 128 of the probe 110. Wiring from the pressure 
bulkhead 152 extends to the outer probe portion (surface) 
120 and along the circumferential surface of the foil 
shielding 124 of the probe 110, thereby creating the 
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sensor coil(s) 125. An accelerometer 153 is shown and 
can be wired to the pressure bulkhead 152. The acceler 
ometer 153 is essential for a single sensor coil probe (as 
shown in FIG. 3A) so that the measurement of velocity of 
the probe can be obtained. 
FIG. 1D (see FIG. 1B for some of the numbered features not 
shown again here) is a code-and-reader system 100, with 
a casing 102 using different material sections, provides a 
coded region of the casing 105, housing a probe 110 
having an outer probe portion (Surface) 120, a conical 
terminus 128 with optional access 129 for a connector, an 
upper end probe portion 127, and sensor coil(s) 125 
which extend along the circumferential surface over the foil 
shielding 124 of the probe 110. The sensor coils 125 are 
connected via a wiring bundle for the sensor coil(s) 126. 
The probe depicted in FIG. 1D is an example of a tethered 
probe 114 having a tapered upper end probe portion 130 
and an uphole tether 176 capable of communication and 
mechanical attachment with the probe. 
FIG. 1E is a cross-sectional illustration of the tethered probe 
114 version of the code-and-reader system 100 of FIG. 
1D. The inner cross-sectional portion of the probe 150— 
(See FIG. 1C) provides a pressure vessel 160 component 
and a female jacketed upper end portion component (shown 
as a tapered section). The casing of the pressure vessel 160 
component is threaded (or otherwise attached) together with 
the female jacketed upper end portion 180 of the probe 
110 to maintain a sealed system at atmospheric pressure 
(Part). 
The power supply unit 158 provides energy to the com 
ponents of the probe 110 via an electrical wiring system. 
An alternative embodiment of the invention is that energy is 
provided via an uphole power supply to the downhole 
components of the probe 110 via an electrical wiring 
system through an electrical connector 174 to an uphole 
tether 176. Energy is distributed to the electronic sensor 
and control board 156 in order to energize the motor and 
shaft 162 for rotating of the magnetic couplings. These 
couplings are shown as an inner portion of the rotating 
magnetic coupling 164 and an outer portion of the rotating 
magnetic coupling 166. 
Rotation of the magnetic couplings 164,166 by the motor 
and shaft 162 creates an induced magnetic field 167 (also 
able to be provided through the use of an alternative per 
manent magnet arrangement) which ensures sealing, with 
the optional seal cup 168 the pressure vessel 160 com 
ponent and the female jacketed upper end portion 180 to 
maintain safe operation of the internal elements of the 
pressure vessel 160. 
The pressure bulkhead 152 is an optional electrical feed 
through that serves as a junction for the wiring system that 
energizes the probe 110, and is housed in the conical 
terminus 128 of the probe 110. Wiring from the pressure 
bulkhead 152 follows to the outer probe portion (surface) 
120 extending along the circumferential surface of the foil 
shielding 124 of the probe 110 and creates the sensor 
coil(s) 125. An accelerometer 153, is shown as wired to 
the pressure bulkhead 152, and is an optional component 
for a dual sensor coil probe as shown but required as sated 
above for a single sensor coil probe. 
FIG. 2A is an outer surface schematic of the pressure vessel 
160 component of the probe (not fully featured), with the 
tapered threaded male adaptor portion 240. Eddy currents 
generated by energizing the sensor coil(s) 125 allows for 
receiving a response from the coded region of the casing 
105 are shown. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
FIG. 2B is a schematic of the pressure vessel 160 com 
ponent of the probe 110 (not fully featured), with the 
tapered threaded male adaptor portion 240 completed by 
being connected with a female jacketed upper end portion 
180 component—shown as untethered and rounded. Eddy 
currents 230 are shown which are generated by energizing 
the sensor coil(s) 125 and allows for receiving a response 
to the coded region of the casing 105. 
FIG. 2C includes an outer surface schematic of the pressure 
vessel 160 component of normally a tethered probe 112 
(not fully featured), having a tapered threaded male adaptor 
portion 240 completed by being connected with a female 
jacketed upper end portion 180 component—shown as 
tethered and tapered. Eddy currents 230 generated by 
energizing the sensor coil(s) 125 allows for receiving a 
response to the coded region of the casing 105. 
FIG. 3A is a cross-sectional portion of the casing 102 
exhibiting a coded region of the casing 105, where forward 
or backward, uphole or downhole movement of the probe 
110 allows for sensing the direction and specific addresses 
by the sensor coil(s) 125. The sensors sense the coded 
region of the casing 105. An accelerometer 153—(see 
FIG. 1E) is added to the probe here as a single coiled sensor 
and is capable of measuring the code width if it travels at a 
generally constant speed. In this case, time is a factor in 
calculating the bar widths which are determined by the 
probe reading variable lengths of the coded casing. By 
adding an accelerometer 153, changes in speed can be 
determined (if acceleration is known, speed can be calcu 
lated). By knowing the change in acceleration, the actual 
speed of the probe can be judged and thereby greatly 
diminish the effect of changes that the speed of the probe has 
on the quality of the readings of the ID code. As acceleration 
reaches zero and reverses, the accelerometer 153 is inad 
equate for reading the code when using a probe that moves 
in the forward and backward direction. Regions of the code 
are read using eddy currents 230, which are the result of 
electrical current induced within the conductors of the coil, 
resulting in sensing changes in the magnetic field near the 
probe 110. The probe also optionally includes one or more 
of the following components in any combination; Velocity 
change compensators, temperature, pressure, radioactive, 
optical, magnetic, electric, and electromagnetic sensors. 
These sensors are provided for detecting, measuring, and 
distinguishing precise changes in position, material compo 
sitions, geological formations, speed, and acceleration 
within the fluid flowing in the casing. 

In another embodiment, a single coil (as shown in FIG. 
3A) resides in or on a probe which in this case is a sensor 
that moves at a known velocity to detect the width of the “ID 
bars' along the length of the casing. This probe is equipped 
with a “bar sensor', which is typically a cylindrical-shaped 
coil that is wrapped around the probe. The coil can be 
conductive, provide a magnetic field, or both, and can be 
made from a solid or metal (or other at least semi-conductive 
material) mesh screen. The materials selection of this por 
tion of the probe is designed to be matched with certain 
sections of the casing. This design is necessary so that 
reading the code (provided by the changes of the material 
compositions in sections of the casing) is simple and occurs 
with limited or no interference. 
The plot in FIG. 3B indicates the amplitude of signals 

from the sensor as a function of time. The solid line shows 
the transition from Marker 2 (M2) that indicates a difference 
in material composition between Marker 1 (M1) and/or 
Marker 3 (M3). Each Marker will yield the same or different 
responses in comparison to other Markers. The slope of the 
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solid line is proportional to the length of the Marker as it is 
read and sensed by the sensor. The slope shows the transition 
has some slope because of the width of the sensor. This is 
known as the aperture effect. 

Clean detection of the code establishes precise resolute 
addresses along the casing at any point in time. Using the 
code received directly from the casing, separately or 
together with measuring the parameters described, allows 
for acting at specified addresses along the length of the 
casing with knowledge about this location before, during, or 
after any action is taken. 

FIG. 4 is a visual example of how to determine the details 
of a coded region of the casing 105. The coded region of 
the casing 105 is constructed of different material sections 
positioned along the casing 102 to provide “readable' 
variations in the casing 102 creating a code for an address. 
Variations in the coded region of the casing 105 are 
provided as short (S) and long (L) sections of compositional 
differences where a long (L) section of the coded region of 
the casing 105 is a length detected by the probe which is 
at least two (2) times that of the short (S) section of the 
coded region of the casing 105. The length detected by the 
probe, L, of the short (S) section is generally about two (2) 
inches, thereby having a long (L) section of a length detected 
by the probe, 2L. Typically, the distance from the center of 
one sensor coil 125 to the center of the second (and 
subsequent) sensor coil(s) 125 (see FIG. 3A) is a distance 
of 1.5 times the length detected by the probe of the short (S) 
section of the coded region of the casing 105, or 1.5(L). 
The sensor coil(s) 125, when energized provide sensing 
capability to interpret the code from the coded region of the 
casing 105. As shown in FIG. 3A, engineering markings of 
the figure, for explanative and embodiment purposes, indi 
cate preselected differences in the material composition of 
the casing (rings) in this section to be of the following order; 

(i) non-conductive plastic, 
(ii) synthetic resin 
(iii) magnetic 
(iv) synthetic resin 
(v) non-conductive plastic 
(vi) synthetic resin 
(vii) conductive material (metal) 
(viii) synthetic resin 
and (ix) finally a further type of non-conductive material. 
Shorter and longer lengths of different material compo 

sitions correspond to patterns that collectively provide a 
code. These shorter and longer lengths are “read” by the 
probe inside the casing and correspond to the actual widths 
of the rings. Shorter or longer lengths “read' by the probe 
can be either conductive, non-conductive, magnetic, non 
magnetic or insulative. 

Conductive and/or magnetic sections are differentiated by 
the probe. Normally the longer lengths provide longer 
duration signals than the shorter lengths. By predetermining 
the lengths of sections of the rings inside the casing it is 
possible to tailor signal durations. For instance, if the long 
lengths are twice the dimension of the short lengths, the 
signal duration will be twice that of the short length. 

Non-conductive and non-magnetic lengths (correspond 
ing to widths of the rings) are indicated in FIG. 4 as white 
coded regions, W. Black coded regions, B, correspond to 
conductive and magnetic, conductive and non-magnetic, or 
magnetic and non-conductive material compositions. These 
are shown here to be Short White (SW) 402), Long Black 
(LB) 404), Short Black (SB) 406), and Long White (LW) 
408 and are provided on consecutive regions of the probe 
rather than sections of the casing. Here, white regions 
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correspond to readings of Zero (0) and black regions corre 
spond to readings of one (1). The short and long white coded 
regions differ in the duration of the absence of a reading. 
Conversely, the short black and long black coded regions 
differ in the duration of the presence of a reading. 

This system and corresponding techniques provides accu 
rate, reliable, continuous, reading of the code by the probe 
or conversely reading of the probe by the casing. As previ 
ously stated, the various material properties are a permanent 
feature of the casing (as well as possibly being permanent 
features of the probe), thereby requiring no maintenance. 
III. Providing an Active Casing for a Coded Reader 
In another embodiment, as a corollary to the probe, the 
casing can emit, receive, measure and/or distinguish a signal 
or a property residing in or sent from within the material 
composition(s) of the casing. The detectable properties 
and/or emanating signals from the sections of the casing are 
detected by using at least one reader, which, as described 
above, in one embodiment of the present invention, is a 
probe. In this aspect of the invention, the casing itself can 
provide an “active' ID code. The signals generated within 
the doped or circuitized material composition of the casing 
can be adjusted (via amplification or otherwise), as required, 
so that the probe can read specific intended lengths of the 
casing and provide exact addresses. By energizing the 
casing, an inactive reader which is coded in the same or 
similar manner as described for the coded casing above is 
also possible. In this case, the probe receives data so that 
pinpoint accuracy of specific probe addresses corresponding 
with the energized casing, is possible. Here, the casing 
provides two or more components that could be conductive 
and energized active markers. As indicated, here a probe 
must be provided that can accept data from imbedded 
sensors or circuits residing within the casing. The probe is 
coded and interprets the data from the casing. This allows for 
determining probe location and associated measurable 
parameters in that location. As before, the probe can be 
moving or stationary and can make measurements in a static 
or dynamic manner. The sensors/circuits within the casing 
may be imbedded in an outer or inner surface or most likely 
recessed below the surface, to increase the longevity of the 
use of any sensor/circuit in the downhole environment. The 
probe may also carry circuits or other devices that commu 
nicate effectively with those embedded in the casing. 

FIG. 5 is an inverse embodiment of the code-and reader 
system 100 shown in FIGS. 1A-1E. Here, the system is 
depicted as being provided with a coded probe 500 and a 
casing 102 that contains sensor coil(s) 125 (see FIG. 3A) 
which are extended along the circumferential inner portion 
(surface) 502 of the casing 102 thereby turning the casing 
102 into a “reader'. The probe 110 is provided with a 
coded region (set of rings) 504. The coded region of the 
probe 504 is provided with the same type of predetermined 
lengths and coding key as described for FIG. 4 above, 
specifically coding as before using Short White (SW) 402. 
Long Black (LB) 404). Short Black (SB) 406, and Long 
White (LW) 408. 
IV. Providing an Active Coded Casing and One or More 
Active Coded Readers 

In a fourth instance, a signal from one or more active 
coded probes (readers) can be used to actuate some portion 
of the doped or circuitized material composition residing 
within the casing. Actuation can also be provided by an 
active coded casing that has embedded energized circuits or 
materials which emit detectable signals (or both). In this 
embodiment, the coded probe can act as a transmitter/ 
receiver, the coded casing can act as a transmitter/receiver or 
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it is possible that both the coded probe and the coded casing 
are active and continuously communicating with each other. 
This would provide for additional data (from other codes or 
data sources) from specific locations along the casing and/or 
trigger additional actions. These actions can be directed 
toward or within the casing as well as toward or within the 
probe. In other words, the probe as well as the casing must 
be capable of distinguishing changes in strategically placed 
material properties in or on sections along the length of the 
casing or the probe. In addition, it is possible to actuate 
communication connections between a probe and another 
probe or between sections of the casing. 
V. Ringed Sections with Different Material Compositions 
As a corollary to (IV) above, it is also possible to provide 
ringed sections of the casing with rings having more than a 
single material composition. In this embodiment, the use of 
one or more (n) sensors allows for gathering more complete 
and precise data from these specially "doped rings. FIGS. 
6, 7A, and 7B graphically depict some of the possible 
arrangements of Such rings and the consequential code 
sequencing that can occur using the “split ring arrange 
ments shown. 
FIG. 6 depicts a “dual track sensor array'. It illustrates a 
cross-section of a ring with the possibility of obtaining more 
than a single code sequence from a single ring by identifying 
material differences in the ring. Marks 1-5 are formed by 
using one method that allows for the code sequence to be 
digitized. In this case, the number of marks corresponds to 
the number of different detectable compositions making up 
the ring. Each mark is read from a different material section 
of the ring and represents a different “track’. Each track is 
formed from sensing by a sensor (probe) that reads the track 
array. It is now possible to interpret a binary coded “0” and 
“1” system corresponding to sections of the ring being read 
by the probe in a continuous manner for synchronizing the 
data regarding material changes inside the ring as seen by 
the probe. For readers, this also allows for obtaining dual bar 
codes to distinguish certain features of the pipe, casing, etc. 
In FIG. 6, the Marks 1, 2, 3, 4 and 5 correspond to markers 
that provide readings (interpreted as a code) from a probe 
based on the position of the probe with respect to the 
material composition of the portion or region of the ring 
being read by the probe. For the sections depicted in FIG. 6, 
a probe reads regions within the rings that are conductive, 
non-conductive, magnetic, non-magnetic, etc., thus provid 
ing the different marks that collectively comprise a code. To 
be able to read and interpret slight material compositional 
differences in each separate ring along a pipeline by doping 
certain sections of the ring is very useful for instance, with 
assisting in specific location determination. 

FIG. 7A is a schematic drawing that represents the ability 
of one or more probes having at least Na3 sensors for 
reading the different (material) sections of the ring. The 
probe in this case is receiving (at least) data sets from the 
ring, rather than just single point data from a homogeneous 
ring. FIG. 7B depicts the use of a single sensor on a single 
probe which will rotate at some predetermined rate. Here the 
number of sensors (N) is N-1 to ensure that the entire inner 
circumference of the ring is properly read. FIG. 7A is 
intended to illustrate (by the arrows designated as 701,702, 
703, and 704) sensors which can read multiple material 
sections of the ring, where Na3 (as stated above). FIG. 7B 
is a schematic indicating a rotating sensor 710 that in this 
case is a single sensor 720 which, depending on the speed 
of rotation may be capable of providing as much or more 
information to be interpreted as code for the coded casing as 
that of the configuration shown in FIG. 7A. 
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One can envision that the system depicted in FIGS. 6 and 7A 
and 7B can become quite elaborate. To be able to read and 
interpret slight material compositional differences in each 
separate ring along a pipeline by doping certain sections of 
the ring is very useful. This can only be accomplished by 
also providing a reader (probe) with enough sensors (or 
control of the sensors) to make multiple readings along the 
inner circumference of each of the 'special rings. The rings 
can be split in half, thirds, fourths, etc., and the reading 
capabilities will be based on the sensitivity of the probes 
used to read these differences. In any case, this method 
provides for being able to precisely know the exact address 
of the ringed section that the probe is sensing. 
VI. General Use of the Systems, Methods, and Apparatuses 
The operation of this system, method and associated 

apparatuses described, is dependent on the required usage. If 
for example, the determined ID code matches a target 
identification code, then one or more downhole structures 
can be located, actuated, managed, classified, identified, 
controlled, maintained, actuated, activated, deactivated, 
communicated with, reset, or installed. For example, a 
second downhole structure can be installed inside a first 
downhole structure or one can unlock the other, etc. 
The present invention also relates to the apparatuses that 

can be used in the above described method as an overall 
system. For example, another aspect of the invention is a 
method of inventorying downhole equipment, and storing 
and retrieving identification codes for the inventoried equip 
ment, as well as an inventory of services performed on the 
well. This method allows an operator to create a database of 
the identification codes of the pieces of equipment in the 
well and the location and/or orientation of each piece of 
equipment, and/or the equipment in which it is installed, 
and/or the services performed on the well. With such a 
database, an operator could determine (either before, during, 
or after well completion) the equipment profile of a well and 
pre-plan the downhole tasks. 
One embodiment of this method comprises a reader unit 

that receives the signals transmitted by the identification 
transmitter units, decodes the signals to determine the iden 
tification codes corresponding thereto, and stores the iden 
tification codes in memory. This method can further com 
prise the step of creating a database for the well, the database 
comprising the stored identification codes. The method can 
also comprise reading from the database the identification 
codes for the well (e.g., the codes for equipment located in 
the well and/or the codes for services performed on the 
well). The identification codes read from the database can be 
used to perform at least one operation selected from the 
group consisting of managing, classifying, controlling, 
maintaining, actuating, activating, deactivating, locating, 
and communicating with at least one downhole structure in 
the well 
The system of the present invention has several benefits 

over prior apparatus and methods. It provides a way of 
selectively installing, actuating, and/or inventorying down 
hole equipment at a desired time and/or at a desired location 
that is optionally independent of velocity of the probe 
(reader) or location of sensors. In addition, the coding is 
permanent in the manner described and is also essentially 
aperture insensitive in comparison with, for example RFID 
sensor Systems. This system thereby provides lower cost, 
greater flexibility, better longevity and durability than other 
known existing techniques. 

Another benefit of the present invention lies in the reduc 
tion of downhole tool manipulation time. In some cases, 
considerable downhole manipulation is performed to ensure 
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that a tool is at the right point on the downhole jewelry or 
that the right action is performed. This time and effort can be 
eliminated or at least reduced by the present inventions 
ability to actuate or manipulate only when an exact (coded, 
i.e. bar coded) address has been reached or located so that an 
action can occur. 
The present invention also makes use of non-acoustic 

transmission, Such as radio frequency transmission, optical 
transmission, tactile transmission, magnetic transmission, 
and material conductivity differences for providing at least 
one identification code to locate, install, actuate, and/or 
manage downhole equipment in a Subterranean wellbore. 

Another embodiment of the invention makes use of a 
detachable, autonomous tool that can be released from the 
end of a Supporting structure (e.g., coiled tubing, wireline, or 
completion hardware) while downhole or uphole, to then 
perform some desired operation in another part of the well 
(e.g., spaced horizontally and/or or vertically from the point 
at which the tool separates from the Supporting structure). 
The tool can later seek the end of the Supporting structure, 
for example to enable it to be reattached, by homing in on 
the signal response from a transmitter unit embedded in the 
end of the Supporting structure. Also, the tool can act as a 
repeater, actuator, or information relay device. 

This relay of signal commands or information between 
autonomous agents optimized for Submersible operations in 
different density fluids can use multiple autonomous agents 
and perform across multiple fluid interfaces. This relay of 
signal commands or information between autonomous 
agents can extend up or down-hole, between horizontal and 
vertical wellbores, and between multilateral wellbores and 
the main wellbore. 

Another embodiment of the present invention uses the 
non-acoustic transmitter units to relay information from a 
downhole tool to a surface operator. In this embodiment, the 
downhole tool has monitors and records data Such as tem 
perature, pressure, time, or depth, for example. The tool can 
also record data describing the position or orientation of a 
piece of equipment, such as whether a sliding sleeve is open 
or closed. Further, the tool can record data such as whether 
downhole tools and equipment have been installed or actu 
ated. The non-acoustic transmitter units can be dedicated to 
relaying a certain type of information or can be used to relay 
multiple data types. This enables the correlation of data such 
as the temperature and pressure at the time of detonation. 
Once the desired information is acquired by the tool, a 

microprocessor on the tool determines what information 
should be sent to the surface. The pertinent information is 
then written to a read/write non-acoustic transmitter unit that 
is stored in the tool. The transmitter units can be stored in the 
tool in a variety of ways. For instance, the transmitter units 
can be installed into a spring-loaded column, much like the 
ammunition clip in a handgun. Alternatively, the transmitter 
units can be stored around the perimeter of a revolving 
chamber. The manner in which the transmitter units are 
stored in the tool is not critical, as long as the required 
numbers of tags are available for use and can be released to 
the surface. 

After the pertinent information is written to a transmitter 
unit, the transmitter unit is released from the tool. It should 
be noted that the transmitter unit can be released either 
inside or outside of the tool depending upon the tool and the 
method of deployment. In one embodiment, when the trans 
mitter unit is released, it is picked up by circulating fluid and 
carried to the surface. The transmitter unit is interrogated by 
a data acquisition device at the Surface, at which time the 
information stored on the transmitter unit is downloaded. 
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The microprocessor on the tool repeats the process with the 
additional transmitter units as directed by its programming. 

In addition to tool-to-surface telemetry, as just described 
above, the non-acoustic transmitter units of the present 
invention can be used to send information from an operator 
at the surface to a tool located in the well. In this case, the 
transmitter unit is written to and released from the surface, 
circulated to the tool below, and returned to the surface. 
Once acquired by the tool, the information stored on the 
transmitter unit is downloaded for use by the microproces 
SO. 

Depending on the programming of the tool microproces 
sor, a wide variety of instructions can be relayed from the 
surface and carried out by the tool. Examples of possible 
instructions include how much to open a valve and whether 
or not to enter a multi-lateral, for example. 

In another embodiment, the non-acoustic transmitter units 
of the present invention can be used autonomously without 
the necessity of a downhole tool. For example, the pumping 
fluid can be used to carry the transmitter units downhole and 
back to the Surface through circulation. 
The individual transmitter units can receive and store data 
from transmitter units located downhole in tools, pipe cas 
ings, downhole equipment, etc. Once returned to the Surface, 
the transmitter units can be analyzed to determine various 
operating conditions downhole. Such use provides continu 
ous monitoring of wellbore conditions. 

In another embodiment, the non-acoustic transmitter units 
of the present invention are used to autonomously actuate or 
install downhole tools and equipment. In this embodiment, 
non-acoustic transmitter units are dropped down the well 
bore affixed to a drop ball, for example. As the non-acoustic 
transmitter units fall into the proximity of non-acoustic 
receiver units located on the downhole tools and equipment, 
if the transmitted signal matches a predetermined identifi 
cation code, the downhole tools and equipment are installed 
or actuated. It should be understood that both receiver units 
and transmitter units can be used to advantage being 
dropped down the wellbore. For example, a receiver unit 
affixed to a drop ball can carry information gathered from 
passing a transmitter unit affixed to the wellbore, tools, 
equipment, etc. and relay that information to a receiver unit 
located further downhole. 

In yet another embodiment of the present invention, the 
non-acoustic transmitter units can be placed along the well 
bore and correlated with formation or well parameters or 
completion characteristics at those locations. When the well 
is logged; a digital signature for the wellbore can be created 
to pinpoint depth in the wellbore. 

In Summary, the present invention provides apparatus and 
methods for locating, managing, classifying, identifying, 
controlling, maintaining, actuating, activating, deactivating, 
and communicating with downhole tools, jewelry, nipples, 
valves, gas-lift mandrels, packers, slips, sleeves and guns. 
The invention allows downhole tools to actuate only at the 
correct time and location and/or in the correct manner. 

Although the present invention could be highly useful in 
any context, its benefits could be enhanced by a central 
organization that issues non-acoustic frequency identifica 
tion units (encoding equipment serial numbers) to manufac 
turers of downhole components. This organization could 
also maintain a database of downhole tool identification 
codes/serial numbers of all components manufactured. Such 
a list of serial numbers could be classified or partitioned to 
allow for easy identification of the type and rating of any 
particular downhole component. 
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Non-acoustic frequency transmitter units can store and 
transmit a signal corresponding to very large serial number 
strings that are capable of accommodating all necessary 
classes and ratings of equipment. Another Suitable use of the 
invention includes packer landing verification. 
The preceding description of specific embodiments of the 

present invention is not intended to be a complete list of 
every possible embodiment of the invention. Persons skilled 
in this field will recognize that modifications can be made to 
the specific embodiments described here that would be 
within the scope of the present invention. 

We claim: 
1. At least one device comprising; a unit for reading 

markers along a length of a piping system that reads Stra 
tegically arranged sections of at least one pipe so that said 
sections comprise independently identical or different mate 
rial compositions that are embedded in and along an internal 
and/or external Surface, of a length of said pipe, and wherein 
markers are placed on or in said sections so that said markers 
associated with said sections provide an uninterrupted unim 
paired detectable material property change in said markers 
accomplished using detectable changes within said sections 
that form a readable pattern or sequence of patterns that are 
read by said unit thereby providing data and specific locat 
able addresses along said length of said pipe. 

2. The device of claim 1, wherein said unit is at least one 
of or a combination of the group consisting of a reader, a 
plug, a probe, a sensor, a scanner, a barcode scanner, and a 
computer. 

3. The device of claim 1, wherein reading said readable 
pattern or sequence of patterns results in Supplying action 
able data for acting at specific addresses. 

4. The piping system of claim 1, wherein differences in 
said material compositions function themselves as readable 
distinguishable markers read by at least one reader. 

5. The reader of claim 4, wherein at least one reader 
travels in either a forward or backward direction. 

6. The piping system of claim 1, wherein said readable 
pattern or sequence of patterns creates code read by a reader 
that is reading passive and active markers which are detect 
ing, emitting, transmitting, absorbing, and/or reflecting data. 

7. The piping system of claim 1, wherein said data is 
being acquired, sent, received, computed, stored, and/or 
analyzed by said device. 

8. The reader of claim 2, wherein said reader reads, 
distinguishes, and/or detects differences between said dif 
ferent material compositions. 

9. The reader of claim 2, wherein said reader distinguishes 
one or more markers from any other markers. 

10. The reader of claim 2, wherein said reader reads 
signals emanating, absorbed, and/or reflected from conduc 
tive material compositions including active markers that are 
selected from the group consisting of conductive, non 
conductive, semi-conductive, and electromagnetically reso 
nant materials. 

11. The reader of claim 2, wherein said reader senses 
and/or analyzes magnetic materials of composition and/or 
said markers. 

12. The reader of claim 2, wherein said reader senses 
and/or analyzes non-magnetic materials of composition and/ 
or said markers. 

13. The reader of claim 2, wherein said reader senses 
and/or analyzes electromagnetic radiation and frequency 
emanating from materials of composition and/or said mark 
CS. 
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14. The reader of claim 2, wherein said reader measures 

radioactive elements residing within materials of composi 
tion and/or said markers. 

15. The reader of claim 2, wherein said reader measures 
non-radioactive elements residing within materials of com 
position and/or said markers. 

16. The reader of claim 2, wherein said reader senses 
and/or analyzes materials of composition having differing 
Sonic properties. 

17. The reader of claim 2, wherein said reader senses 
and/or analyzes materials of composition having varying 
thicknesses. 

18. The reader of claim 2, wherein said reader senses 
and/or analyzes materials of composition and/or said mark 
ers that have discontinuities. 

19. The reader of claim 2, wherein said reader senses 
and/or analyzes materials of composition and/or said mark 
ers comprise any portion of a radial section of said pipe. 

20. The reader of claim 2, wherein said reader senses 
and/or analyzes materials of composition and/or said mark 
ers comprise any portion of an axial section of said pipe. 

21. The reader of claim 2, wherein said reader reads, 
senses, recognizes, and/or analyzes a pattern or sequence of 
patterns formed by said markers arranged to be read as 
distinct spatial codes. 

22. The reader of claim 21, wherein said reader reads, 
senses, recognizes, and/or analyzes said pattern or sequence 
of patterns formed by said markers arranged to be read as 
distinct binary codes. 

23. The reader of claim 21, wherein said reader reads, 
senses, recognizes and/or analyzes said pattern or sequence 
of patterns formed by said markers arranged to be read as bar 
codes. 

24. A piping system comprising; at least one pipe having 
sections strategically arranged so that said sections comprise 
independently identical or different material compositions 
that are embedded in and along an internal and/or external 
Surface of a length of said pipe, and wherein markers are 
placed on or in said sections so that said markers associated 
with said sections form a readable pattern or sequence of 
patterns that are read by a unit thereby providing data and 
specific locatable addresses along said length of said pipe. 

25. The piping system of claim 24, wherein reading said 
readable pattern or sequence of patterns results in Supplying 
actionable data for acting at specific addresses. 

26. The piping system of claim 24, wherein differences in 
said material compositions function themselves as distin 
guishable markers readable and read by at least one reader. 

27. The piping system of claim 24, wherein said markers 
are arranged to form distinct analog, binary, and/or digital 
values corresponding to reading detectable differences in 
electrical, chemical, physio-chemical, physical, magnetic, 
electromagnetic, radiation, Sonic, and optical properties of 
said sections. 

28. The piping system of claim 27, wherein said reader 
reads material property values and thereby distinguishes one 
marker from that of at least one other marker. 

29. The piping system of claim 24, wherein said passive 
markers are placed into sections of conductive and/or non 
conductive material compositions and wherein said markers 
themselves are conductive or non-conductive. 

30. The piping system of claim 24, wherein said active 
markers are conductive and emit, and/or transmit signals 
from said conductive material compositions. 

31. The piping system of claim 24, wherein said materials 
of composition and/or said markers are magnetized with 
north and South poles. 
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32. The piping system of claim 24, wherein said materials 
of composition and/or said markers resonate with an elec 
tromagnetic radiation and frequency. 

33. The piping system of claim 24, wherein said materials 
of composition and/or said markers along said at least one 
pipe exhibit measurable differences of electrical resistivity 
and/or radioactivity. 

34. The piping system of claim 24, wherein said materials 
of composition and/or said markers have differing Sonic 
transmission and absorption properties. 

35. The piping system of claim 24, wherein said materials 
of composition and/or said markers have varying thick 

SSS. 

36. The piping system of claim 24, wherein said materials 
of composition and/or said markers have discontinuities in 
material properties including electrically conductive mate 
rials with non-conductive gaps. 

37. The piping system of claim 24, wherein said materials 
of composition and/or said markers comprise any portion of 
a radial section of said pipe. 

38. The piping system of claim 24, wherein said materials 
of composition and/or said markers comprise any portion of 
an axial section of said pipe. 

39. The piping system of claim 24, wherein said pattern 
or patterns formed by said markers are being read by a 
reader as distinct spatial codes. 

40. The piping system of claim 24, wherein said pattern 
or patterns formed by said markers are being read by a 
reader as distinct binary codes. 

41. The piping system of claim 24, wherein said pattern 
or patterns formed by said markers are being read by a 
reader as bar codes. 

42. The piping system of claim 24, wherein said active 
and passive markers are on an inner Surface, an outer 
Surface, or between said inner and outer Surface of said 
piping System. 

43. At least one device comprising; sections in at least one 
pipe strategically arranged so that said sections comprise 
independently identical or different material compositions 
are located between said inner and outer Surface along a 
length of said pipe, and wherein markers are placed on or in 
said sections so that said markers associated with said 
sections provide an uninterrupted unimpaired detectable 
material property change in said markers accomplished 
using detectable changes from said sections that form a 
readable pattern or sequence of patterns that are read by said 
unit thereby providing data and specific locatable addresses 
along said length of said pipe so that said sections them 
selves form a distinguishable readable pattern or sequence of 
patterns read by a reader. 

44. The device of claim 43, wherein said device(s) ema 
nates, transmits, absorbs, and/or reflects signals from said 
different material compositions that at least one reader, 
which is either stationary or travels in either a forward or 
backward direction, can read. 

45. The device of claim 43, wherein said device(s) are a 
collar or a casing of a wellbore. 

46. The sections of claim 45, wherein said sections are 
radial and have markers residing either on a surface or 
embedded within said sections or wherein said sections are 
markers themselves. 

47. The markers of claim 46, wherein radial sections are 
rings forming markers that are on the Surface or embedded 
within materials comprising said markers and wherein said 
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markers are selected from the group consisting of coils, 
circuits, semi-conductors, and transmitters. 

48. The reader of claim 43, wherein said reader is at least 
one of or a combination of the group consisting of a plug, 
a probe, a sensor, a scanner, a barcode scanner, and a 
computer. 

49. The reader of claim 43, wherein said reader reads a 
readable pattern or sequence of patterns created by passive 
and/or active markers placed strategically in said radial 
sections so that said sections are an encoded readable pattern 
that includes decoding at least one station address from the 
group consisting of proximity sensors, counting signal 
emitters, symbol emitters, optical, thermal, electromagnetic, 
electric, radioactive, and pressure conductive emitters. 

50. The reader of claim 43, wherein said reader reads and 
distinguishes differences between said different material 
compositions. 

51. The reader of claim 43, wherein said reader distin 
guishes one or more markers from any other markers. 

52. The reader of claim 43, wherein said reader reads 
signals emanating, absorbed, and/or reflected from conduc 
tive active markers receiving their conductivity from con 
ductive material compositions. 

53. The reader of claim 43, wherein said reader senses 
and/or analyzes magnetic or non-magnetic materials of 
composition and/or of said markers. 

54. The reader of claim 43, wherein said reader senses 
and/or analyzes electromagnetic radiation and frequency 
emanating from materials of composition and/or said mark 
CS. 

55. The reader of claim 43, wherein said reader senses 
and/or analyzes radioactive and non-radioactive elements 
residing within materials of composition and/or said mark 
CS. 

56. The reader of claim 43 wherein said reader senses 
and/or analyzes materials of composition having differing 
Sonic properties. 

57. The reader of claim 43, wherein said reader senses 
and/or analyzes materials of composition having varying 
thicknesses. 

58. The reader of claim 43, wherein said reader senses 
and/or analyzes materials of composition and/or said mark 
ers that have discontinuities. 

59. The reader of claim 43, wherein said reader senses 
and/or analyzes materials of composition and/or said mark 
ers comprising any portion of a radial section of said pipe. 

60. The reader of claim 43, wherein said reader senses 
and/or analyzes materials of composition and/or said mark 
ers comprising any portion of an axial section of said pipe. 

61. The reader of claim 43, wherein said reader reads a 
pattern or sequence of patterns formed by said markers 
arranged to be read as distinct spatial codes. 

62. The reader of claim 43, wherein said reader senses, 
recognizes, and/or analyzes said pattern or sequence of 
patterns formed by said markers arranged to be read as 
distinct binary codes. 

63. The reader of claim 43, wherein said reader senses, 
recognizes and/or analyzes said pattern or sequence of 
patterns formed by said markers arranged to be read as bar 
codes. 


