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processor Is operable to process outputs of the at least one sensing device. Responsive to processing of the outputs by the
processor, the processor correlates the processed outputs to determine the type of material of the condulit.
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ABSTRACT
A material property determining system operable to determine properties of a
conduit. The material property determining system includes a tool movable along a
conduit and having at least one sensing device for sensing at least one property of the
conduit. A processor is operable to process outputs of the at least one sensing device.
Responsive to processing of the outputs by the processor, the processor correlates the

processed outputs to determine the type of material of the conduit.
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PATENT
MIC40 P-306A
METHOD AND APPARATUS FOR MATERIAL
IDENTIFICATION OF PIPELINES AND OTHER TUBULARS
CROSS REFERENCE TO RELATED APPLICATION
The present application claims the filing benefits of U.S. provisional application,
Ser. No. 62/327,645, filed Apr. 26, 2016, which is hereby incorporated herein by
reference in its entirety.
FIELD OF THE INVENTION
The present invention relates to generally to a method of detecting properties of
a pipeline or conduit or tubular via a tool or device that is moved along and within the
pipeline or conduit or tubular.
BACKGROUND OF THE INVENTION
It 1s known to use a sensing device to sense or determine the strength of and/or
freepoints and/or stresses in pipes and other tubulars. Examples of such devices are
described in U.S. Pat. Nos. 4,708,204; 4,766,764; 8,035,374 and/or 8,797.033.
SUMMARY OF THE INVENTION
The present invention provides a method and system and device that includes
moving a tool or instrument along and within a pipe or well casing or conduit or tubular
to collect data, and processing collected data to determine characteristics or properties
of the pipe or conduit or tubular. The properties may be analyzed to determine or
identify the material of the pipe or conduit or tubular or other properties such as
hardness and/or permeability. The present invention may collect data via any one or
more suitable sensing means, such as, for example, magneto-responsive sensing,
electronic sensing, acoustic sensing and/or the like, with the collected data preferably
providing information indicative of two or more physical properties of the conduit. The
system processes the data and, responsive to such data processing (including
correlating the two or more physical properties determined by the sensing
technologies), is able to determine or predict or identify the material of the conduit or
tubular along which the tool or instrument is moving. For example, the system may
detect or sense and process data collected via Barkhausen noise methods, pulsed eddy

current methods, remote field eddy current methods, low frequency AC methods, high

1



[0005]

10006]

10007}

10008]

10009

10010]

10011}

10012]

10013)

10014]

10015]

10016]

10017]

CA 2965105 2017-04-25

frequency AC methods, impedance methods and/or acoustic methods (with the system
sensing and collecting data associated with the pipe or conduit or tubular as the tool or
device moves along and within the pipe or well casing or conduit or tubular) and may
correlate the results of such data processing to provide an accurate determination or
Identification of the particular type of material of the conduit or tubular.

These and other objects, advantages, purposes and features of the present

Invention will become apparent upon review of the following specification in conjunction

with the drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a horizontal cross section of a pipe or tubular with a tool of the
present invention disposed therein;

FI1G. 2 shows a horizontal cross section of a pipe or tubular with another tool of
the present invention disposed therein:

FIG. 3 shows a horizontal cross section of a pipe or tubular with another tool of
the present invention disposed therein;

FIG. 4 1s a block diagram showing processing and classifying stages of the
system of the present invention:

FIG. 5 is another block diagram showing real-time remote processing and
classifying of data in accordance with the present invention;

FIG. 6 is another block diagram showing real-time processing and classifying of
data in accordance with the present invention:

FIG. 7 is a B-H graph comparing changes in magnetic flux density (B) over

magnetic field strength (H) for two grades of pipe;

FIG. 8 is a B-H graph showing Ml and DC operating points on the B-H curve;

FIG. 9 is a schematic showing three sensing methodologies used to sense
characteristics of a tubular to determine the material of the tubular in accordance with
the present invention;

FIG. 10 is an end view schematic of a sensing system of the type shown in FIG.
9;

FIG. 11 is a block diagram of the sensing system of the type shown in FIG. 9;

FIG. 12 is a plan view of a sensor antenna and excitation antenna arrays of a

PEC sensor suitable for use in the system of the present invention: and
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FIG. 13 is a flow chart of the sensing system of the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides a system and method and apparatus for material
Identification of pipelines, well casings, and other tubulars or conduits. The tool can be
operated In pipelines (e.g., inline inspection), downhole applications, and other tubulars
for the purpose of material identification (MI) of the conduit material (such as steel or
type/grade of steel or the like). The material identification (MI) is defined as one or
more testing methods performed to verify and/or delineate grades of steel. Delineation
of steel grades is accomplished via determining differences in mechanical material
properties through various means such as, but not limited to. magnetic sensing means,
acoustic sensing means, electrical sensing means and/or the like. For example, the
mechanical material properties to be determined may include, but are not limited to, the
yleld strength, tensile strength, hardness and/or the like of the conduit material.

The sensing system of the present invention utilizes one or more tools that is/are
moved along and in a tubular or conduit and that senses or collects data via one or
more sensors. [he tool senses two or more physical properties of the conduit, such
that the determined physical properties can be correlated to determine or iIdentify the
material of the conduit. The tool (or two spaced apart tools) may include, for example, a
magnetic flux leakage sensor and a magnetic Barkhausen noise sensor and/or a pulsed
eddy current sensor. The system collects data sensed or collected by the sensors and
processes the collected data to determine various characteristics of the tubular that

each sensor methodology is capable of sensing and determining. The system then
correlates the processed data to determine or identify the type of material that the

tubular is made of.

The tool is operable to identify at least one material property and/or characteristic
for material identification. The tool utilizes at least one sensing technology, or any
combination of several sensing technologies, such as one or more of the technologies
discussed below. The tool may utilize individual sensor(s) or array(s) unlimitedly
disposed in uniform or non-uniform arrangements/patterns for any one or more of the
sensing technologies.

For example, a given sensing methodology may be capable of determining

hardness of a material and another sensing methodology may be capable of
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determining permeability of a material. Neither of these characteristics by themselves
may positively identify a material (since different materials may have similar hardness or
similar permeability). However, the system of the present invention uses both sensing
methodologies and correlates the data to positively identify the material (since most
materials will not have both the same hardness and the same permeability). For
example, if a Magnetic Barkhausen sensor is used to determine a particular material
hardness, the system may determine that the material is one of perhaps two or more
types of materials that exhibit that hardness characteristic. Then, the system may look
to the permeability measurements (such as measured or determined by a magnetic flux
leakage (MFL) sensor, and determines which of the two or more types of materials
(determined from the hardness measurements) also exhibit permeability characteristics
similar to the permeability determined by the MFL sensor. By utilizing two or more
sensing methodologies in this manner, the system can accurately determine or identify
the particular material of the tubular.

[0023] The system thus provides a measure of yield strength and/or other aspects of
physical properties, so the pipe can be identified to avoid potential failure as may occur
when the pipe material is unknown or mis-identified. To avoid having to dig up and test
pipes in the ground, the system of the present invention provides for data collection and
analysis to identify with a high degree of confidence the material of the pipe via an inline
Inspection tool and methodology. The tool travels along pipe and makes
measurements, and the system correlates data with yield strength of various materials
and other characteristics or physical properties of materials to determine the pipe
material. By measuring certain aspects of the pipe’s properties, the system can identify
pipes that are similar to one another and can determine the material of those pipes (by
projecting testing results onto properties determined by the various sensing
methodologies performed by a tool in a particular pipe). The system thus uses multiple
technologies in parallel and correlates the collected data to better identify the material.
The system can further increase the material identification confidence level by using
more technologies/data.

10024] The tool collects data and may store collected data on-board, or may transmit
collected data to a remote location for storage (and/or processing), or the tool may

perform a combination of both.
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The tool employs advanced data processing techniques to isolate and extract
useful data. For example, the tool may employ advanced data processing techniques
that use a single sensing technology, or any combination of sensing technologies
(together or individually). The data processing techniques may include a
classifier/classification system and/or method, and the data processing may be
performed on-board the tool, at a remote location, or a combination of both.

The data processing may utilize feature extraction and classification via software
learning systems. Optionally, the data processing may employ binning techniques.
Optionally, the data processing may be conducted in real-time during tool operation, off-
loaded after completion of a tool operation, or a combination of both.

The tool of the present invention may comprise at least one module that is
movably disposed in a conduit. The module may contain at least one sensing
technology, or the module may contain multiple sensing technologies that interact with
each other, and/or utilize shared componentry.

Optionally, a tool with multiple modules (such as shown in FIGS. 1-3) may
contain multiple sensing technologies that interact with each other, and/or utilize shared
componentry. For example, a tool with multiple modules may contain a single sensing
technology that interacts between multiple modules, or a tool with multiple modules may
include multiple sensing technologies that interact between the multiple modules.

The tool is self-propelled (such as, but not limited to, a robotic crawler, such as
shown in FIG. 2), or may be propelled by a gaseous or liquid medium pressure
differential (such as with a drive cup or the like as shown in FIG. 1), or is propelled
(pulled) via a cable in tension (FIGS. 2 and 3), or is propelled (pushed) via a coiled tube
In compression (FIG. 3), or a combination of the aforementioned propulsion means (see
FIG. 3). The tool may be powered on-board, remotely, or a combination of both.
Optionally, the tool may have a system and method to clean surfaces for better sensing
abilities, incorporated with at least one module if utilized in the tool.

The tool of the present invention is preferably configurable so as to be operated
In a wide variety of diameters or cross-sectional areas of conduits or pipes or the like.
The tool may be attached to other tools (such as one or more other tools for crack

detection, magnetic flux leakage, calipers, and/or the like).
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10031} The tool may simultaneously use the aforementioned (and below discussed)
sensing technologies with an existing tool's sensing capabilities and/or system(s). For
example, the MI sensing technologies may utilize crack detection sensing capabilities
simultaneously through shared componentry, magnetic fields, perturbation energy,
waves, and/or the like.

10032] The tool preferably includes the means to determine the tool’s position or location
In a conduit or distance from a particular location, such as via, but not limited to. global
positioning system(s), gyroscopic systems, encoders, and/or the like. Optionally, the
tool may store such position/location/distance data on-board or may transmit the data to
a remote |location, or may perform a combination of both. Optionally, and desirably, the
tool may combine the position/location/distance data simultaneously with sensing data
collection at any discrete location within the tubular, whereby the system may determine
or identify the material or other characteristics of the pipe or conduit at specific locations
along the pipeline, which is useful in determining where sections of pipe may be made
of a different material (such as when sections of pipe are replaced with pipes/conduits
that are not of the same material as the rest of the pipeline).

10033] As shown in FIG. 4, the tool includes on-board data sensing and storage, with
one or more sensing technologies and optionally with GPS or other location / distance
determining systems. As the tool travels along and within the pipe or conduit, the tool
collects data via its sensing technologies and stores the data, whereby the stored data
may be processed and classified and analyzed to determine the pipe material at an off-
board data processing and analysis station (after the tool has completed its travel
through the pipeline).

[0034] Optionally, and such as shown in FIG. 5, the system may provide real-time data
processing, with the data that is collected by the tool's sensing technologies is
transmitted or communicated to an off-board data processing and analysis station so
the results can be determined as the tool is still traveling through the pipeline.

[0035) Optionally, and such as shown in FIG. 6, the tool may include real-time data
processing and analysis to determine the pipe material as the tool is traveling through
the pipeline. In such an embodiment, the processing / analysis software is included in
the tool itself, whereby only the determination or results is transmitted or communicated

to a remote location (and the communicated results may include the material
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Identification and the location along the pipeline associated with the identification. so
that it can be known where the pipe material may change along the pipeline).

The tool and system and method collect and process/analyze data to determine
physical properties of a conduit and to determine potential materials for each type of
data collected or physical property determined. When it is determined that one or more
of the determined physical properties are indicative of a particular type of material, the
system determines or identifies the tubular as being constructed of that material.

For example, the system may utilize three sensing methods Independently for
positively identifying the material, such as Magnetic permeability measurements (MFL
sensor), eddy current's current amplitude (PEC background measurements), and MBN
hardness measurements. The system may be able to bin and characterize pipe
materials with any of these technologies independently, but using two or more of the
sensing methodologies increases the accuracy of the system in the material
identification. The system may utilize PEC and/or MBN sensing methodologies
Independently or in combination, while remaining within the spirit and scope of the
present invention. In an exemplary and preferred embodiment, the MFL technique may
be run with another technology, such as either PEC or MBN. but it is envisioned that all
three methodologies may be run together. By measuring different characteristics or
physical properties of target materials with each sensing technology, the system may
achieve higher correlations if multiple technologies are run and processed together.

If MFL techniques are used, the system may apply a magnetic field to the pipe to
make it work. With PEC and MBN, magnetization is optional. PEC will work better in a
magnetized field but may also or otherwise work in a zero field situation. However, it is
not desirable to run MBN technology in a saturated field, so the tool may be operable to
run MBN technology in a residual magnetic field (i.e., in a separate MBN sensing
module that is towed behind an MFL tool). For example, and such as shown in FIGS. 9-
11, the tool may include an MFL module followed by an MBN module, which follows a
sufficient distance behind the MFL module so as to not have its sensing interfered with
by the magnetic field of the MFL module. Because the MBN module needs to be
spaced from the MFL module, the overall module would need to space the modules
sufficiently apart or two separate modules may be used and run through the pipe

sufficiently far apart, whereby the data may be correlated for any given sensing location

/
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along the pipe, such as via time and location stamping as the data is collected by both

modules.

Optionally, the system may utilize PEC sensing to determine and measure eddy
currents deep into the wall of the tubular. The system (see sensor antenna and
excitation antenna arrays of FIG. 12) may utilize a wide band of frequencies of
electromagnetic pulses at the target material with some electric drive circuitry. The PEC
excites eddy currents in the target material at many depths. The pulse is translated in
to electrical current when it hits the target material (this is the eddy current). With a
separate set of circuitry, that has its own separate sensing elements, it measures the
magnetic field created by those eddy currents. The result is an aggregate of these eddy
currents at muitiple depths, which makes the PEC sensing suitable for material
Identification.

The signal that is measured directly correlates to the aggregate of the eddy
current flows. Each sensing antenna is effectively its own self-contained Pulsed Eddy
Current sensor. The drive circuitry can push current through a center drive antenna for
a short period of time. The drive signal has effectively a great many of frequency
harmonics in it. Each of those harmonics in the drive signal create eddy currents at
different depths of the target metal.

With a short time delay, what is sensed is a complex waveform also with
harmonics in it. This waveform is a multitude of resulting eddy currents. Depending on
the metal composition and depths of eddy currents, there sensed signals will have a

certain amplitude in a certain frequency domain. Thus, various materials can be

identified when the sensed waveform correlates to that type of material.
Optionally, with the MBN sensing methodology, the MBN sensor or module can
use what Is essentially an electro magnet that is driven with an AC waveform, normally

a sinewave, to generate the MBN effect. The system then measures the field created
by the domains flipping in polarity, with the domains flipping with different intensity and
at different speeds. The peak to peak amplitude of the pulses and the RMS have good
material hardness correlation and thus can be used to determine or identify the material.
This technology again measures the metal all the way through the pipe, not just slightly

(such as a couple of millimeters or less) into the metal wall of the pipe.
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With respect to MBN sensing methodologies, there are multiple characteristics of
MBN that make it suitable for material identification applications. Magnetic Barkhausen
Noise (MBN) is a phenomenon that occurs when a magnetic field in a ferrous material
changes polarity. The domains that are in that ferrous material do not flip in a linear
fashion. Instead, they avalanche shortly after the field flips polarity. The resulting
magnetic fields from the flipping domains is the MBN. While it is very small, it can be
sensed reliably with electronics. Due to the properties of magnetic domains in metals,
the domains behave differently in materials of different hardness or stress. As different
grades of inline pipe are of different hardness, the materials of those pipes can be
iIdentified with MBN sensors, either alone or in combination with one or more other
sensing methodologies. The MBN signal changes as it encounters changing stress or
hardness, and higher stress alters the magnetic domain behavior in ways that will
create an amplified or damped MBN response. At the simplest level, a harder material
will result in a different sized peak to peak signal measurement than a softer material
with the same excitation level in a similar material.

The MBN signal contains a great deal of information. Most commercial
applications of MBN use this data in its most elementary forms, such as peak to peak
and signal RMS. There is more data in the MBN signal/response that can be analyzed
revealing insight into material makeup and condition.

Optionally, the system may utilize distortion analysis of magnetic excitation
(DAME) as an addition to an MBN sensor. Such distortion analysis of magnetic
excitation (DAME) is a measurement approach for evaluation of different properties of
ferromagnetic materials. The presence of a different ferromagnetic material introduces
non-linear distortion in the excitation voltage across a coil around an electromagnetic
yoke. The non-linear distortion behavior of the magnetic excitation voltage is influenced
by the magnetization behavior of the ferromagnetic material between the poles of the

electromagnetic yoke. The time derivative of the excitation voltage (dVE/dt) plotted as a
function of total applied voltage (which is directly proportional to the applied magnetic
field) has been found to show unique shape for each sample with different material
conditions. The shape of the DAME profile with a peak and trough clearly reflects the

subtle changes in the composition microstructure, grain orientation and stress through

their effect on the magnetization process in the ferromagnetic material.
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By utilizing DAME as an addition to an MBN sensor, the system can deal with
skin depth and may be appropriate for pipe sizing. This method may provide a high
confidence method of material identification by itself. Optionally, and desirably, the
system may comprise a hybrid with MBN and DAME in one sensor. Optionally, the
MBN signatures may identify the material and DAME may be used to determine the
thickness of that material.

Because there is a close correlation between yield strength and hardness, and
MBN determines hardness, the system can process MBN data to determine the
material. The MBN data is processed differently for this determination as compared to
stress determinations. Also, the system can process MBN data differently to look for
permeability. The system then can cross-correlate the MBN permeability results with
the MBN hardness results to determine the material via just an MBN sensor and
assoclated data processing.

Therefore, the system of the present invention may utilize one (such as MBN) or
more (such as MBN and permeability and/or PEC) sensing methodologies to determine
or identify the material of the pipe or tubular. For example, and such as shown in FIG.
13, an MBN sensor may measure hardness, while an MFL sensor may measure
permeability and/or an eddy current sensor may sense current within the pipe. The
system may process the signals of each sensor to determine or identify the material.
Optionally, the tool may store the data and correlate the data with a time and/or location
when it was collected, and may process the data later to correlate the data and material

properties. When the various measured characteristics correspond to a particular type

of material, the system can, with a high degree of confidence, identify the particular type

of material of the pipe or conduit or tubular.

For example, the sensed physical property data collected for various pipes will
tend to group together for particular types of materials. The different types of material
thus can be represented by different or respective bins of data points. Once data
ranges are correlated for particular types of materials, the system can readily Identify a
material by processing and grouping data from one or more sensors. For example, if it

Is known that a particular type of pipe material is within a particular range of sensed
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of material when the system recognizes that particular range of sensed data for the
sensed physical property.

The tool and system and method of the present invention thus provides for
various sensing means to collect data that may be processed and correlated for use in
determining or identifying the material of the pipe or conduit in which the tool is
disposed. The sensing technologies used may comprise any suitable sensing
technologies that are capable of sensing various material properties as the tool travels
through the pipeline. For example, the sensing technologies implemented in the tool
and method and system of the present invention may include one or more of the

technologies discussed below.
Material Identification Technologies with characteristics/benefits/methodolodies

The following provides a summary of various exemplary sensing technologies
that the system of the present invention can utilize to collect data about a pipe or
conduit, whereby the processor or processing techniques of the present invention may
process the collected data to determine or identify the material of the pipe in which the
tool is disposed.

e Barkhausen Noise
o Hardness Measurement (e.g., such as in use in steel mills, etc.)
o Unique Pattern Analysis
o Unique Spectra to Hardness and (potentially) Strengths
o May utilize aspects of the systems described in U.S. Pat. Nos. 8,035,374

and/or 8,797,033, which are hereby incorporated herein by reference in
their entireties.

e Pulsed Eddy Current
o Broad bandwidth
o Provides other data/information within the signal
o More power efficient than low frequency AC (LF AC)

o Introduces a lot of high frequencies that create near surface eddy currents

o Provides information for processing/classifying.

11
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e Remote Field Eddy Current
o Similarto LF AC

o Performs many B-H experiments over-and-over, but looks at the far field
rather than the near field

o Responds well to magnetic permeability (B-H curve) — related to yield

strength
o Change in position of the receiver coil (compared to LF AC)
o Far field receiver position homogenizes the signal from the pipe which

should minimize the effect of local variations (pitting, corrosion, hard

spots, etc.)

e Low Frequency AC (LF AC)
o Advantage is a less complex system (easy to build)
o B-H curve (hysteresis loop) related to yield strength

o Performs many B-H experiments over-and-over

e High Frequency AC (HF AC) Methods
o Giant Magneto-impedance (GMI) Sensing
o A magnetic permeability method
o Voltage readout directly correlates to hardness

o This could also be used for crack detection, or may be harvested from it

being used in near-side crack and flaw detection purposes

* Impedance Methods (Single Transducer)

o A magnetic permeability method that can be incorporated with the LF AC
or pulsed eddy current methods

o Requires no receiver
o May be incorporated with acoustic methods as well

o Utilizes the coupling between an energy generator (which could be the

transmit coil or piezo stack from the RF EC. LF AC or acoustic

measurement) and the pipe, which is viewed as a load on the generator.

12
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Changes in the pipe character affect the load on the generator and can be

detected in the energy generator’s drive circuitry.

e Acoustic

o Various acoustic means and methods may be suitable to assist in
determining or identifying the pipe material

o Acoustic velocity/acoustic attenuation relationships with yield strength and
Young's Modulus

o Surface acoustic waves can determine hardness as attenuation has been
shown in the past to be quite sensitive to a steel grade that has been
subjected to various heat treatments, allowing attenuation to differentiate

between various states of hardness

Therefore, the present invention provides a tool or device that utilizes one or
more sensing means to collect data pertaining to material properties of the pipe or
conduit in which the tool is disposed. The collected data is processed and analyzed to
determine or identify the particular material of the pipe at various locations along the
condult or pipeline. Thus, the system and method of the present invention can
determine when a section of pipe has been replaced with a different material pipe,
which may assist in determining or predicting weak points of future failure locations
along a pipeline.

The system and method of the present invention processes data collected from
different sensing means (such as, for example, from a Barkhausen noise sensor and an
acoustic sensor and a low frequency AC sensor) and extracts information from the
sensors’ data to determine the material of the pipe being sensed. The system and
method may look for information or properties indicative of particular materials and may
correlate the data from the different sensing technigues to extract information that
assists in accurately identifying the particular material of the pipe or conduit being
sensed by the tool or device. Such a process and analysis is helpful in determining

weaknesses or potential future weaknesses or failures at locations along the conduit or

pipeline (such as by determining pipeline materials for some sections that may be more

susceptible to types of failures, such as stress corrosion cracking, rupture, or the like).

13
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10054] Changes and modifications to the specifically described embodiments may be
carried out without departing from the principles of the present invention, which is
Intended to be limited only by the scope of the appended claims as interpreted

according to the principles of patent law including the doctrine of equivalents.
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CLAIMS:

1. A material property determining system operable to determine properties of a
conduit, said material property determining system comprising:

a tool movable along a conduit and having at least one sensing device for
sensing at least one property of the conduit;

a processor operable to process outputs of said at least one sensing device; and

wherein, responsive to processing of the outputs by said processor, said

processor correlates the processed outputs to determine the type of material of the

condult.

2. The material property determining system of claim 1, wherein said tool comprises

at least one module with each module having at least one sensing device.

3. The material property determining system of claim 1, wherein said tool comprises

at least two modules with each module having at least one respective sensing device.

4. The material property determining system of claim 1, wherein said at least one

sensing device comprises at least two sensing devices using different sensing
technologies.

5. The material property determining system of claim 4, wherein said at least two
sensing devices comprise at least two of (i) a sensing device that senses magnetic
Barkhausen noise, (ii) a sensing device that uses pulsed eddy currents to sense
properties of the conduit, (iii) a sensing device that uses remote field eddy currents to
sense properties of the conduit, (iv) a sensing device that uses low frequency AC to
sense properties of the conduit, (v) a sensing device that uses high frequency AC to
sense properties of the conduit, (vi) a sensing device that uses Impedance methods to

sense properties of the conduit, and (vii) a sensing device that uses acoustic sensing
means to sense properties of the conduit.
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6. The material property determining system of claim 4, wherein said at least two
sensing devices comprise (i) a sensing device that determines hardness of the conduit

and (i) a sensing device that determines permeability of the conduit.

/. The material property determining system of claim 1, wherein said at least one

sensing device comprises a sensing device that determines hardness of the conduit and

that determines permeability of the conduit.

8. The material property determining system of claim 7, wherein said at least one

sensing device comprises a sensing device that senses magnetic Barkhausen noise.

9. A method for determining a material of a conduit, said method comprising:
providing a tool having at least one sensing device for sensing at least one
physical property of the conduit;
moving the tool along the conduit;
providing a processor;
processing via the processor outputs of the at least one sensing device; and

wherein, responsive to processing of the outputs by said processor, correlating
the processed outputs to determine the type of material of the conduit.

10.  The method of claim 9, wherein the tool comprises at least one module with each
module having at least one sensing device.

1. The method of claim 9, wherein the tool comprises at least two modules with

each module having at least one respective sensing device.

12.  The method of claim 9, wherein the at least one sensing device comprises at

least two sensing devices using different sensing technologies.

13.  The method of claim 12, wherein the at least two sensing devices comprise at
least two of (i) a sensing device that senses magnetic Barkhausen noise, (ii) a sensing

device that uses pulsed eddy currents to sense properties of the conduit, (iii) a sensing

16
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device that uses remote field eddy currents to sense properties of the conduit, (iv) a
sensing device that uses low frequency AC to sense properties of the conduit, (V) a
sensing device that uses high frequency AC to sense properties of the conduit, (vi) a
sensing device that uses impedance methods to sense properties of the conduit, and

(vii) a sensing device that uses acoustic sensing means to sense properties of the

condult.

14.  The method of claim 12, wherein the at least two sensing devices comprise (i) a

sensing device that determines hardness of the conduit and (ii) a sensing device that

determines permeability of the conduit.

15. The method of claim 12, wherein correlating the processed outputs comprises
comparing the processed outputs to at least two known physical properties that
correspond with the physical properties sensed by said at least two sensing devices

using different sensing technologies to determine the type of material of the conduit.

16.  The method of claim 9, wherein the at least one sensing device comprises a

sensing device that determines hardness of the conduit and that determines

permeability of the conduit.

17.  The method of claim 16, wherein the at least one sensing device comprises a

sensing device that senses magnetic Barkhausen noise.

18.  The method of claim 9, wherein correlating the processed outputs comprises

comparing the processed outputs to known physical properties to determine the type of
material of the conduit.

17
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