ANOVALY DETECTOR FOR PI PELI NES Background of the

I nvention 1. Field of the Invention [0001] This
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anomal ies in pipelines whielH-transport liquids. Inits

preferred enbodi nent, the invention relates to a
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l'iquid-transporti ng pi peI ine, without interfering with

t he transpor i one
enbodi nent A{'ﬁg ector chf l#)ip!q%?gtq%s]aks wher e
liquid is es fromthe pipeline fromthe

pi %‘%ﬂ@“ﬂﬁ@ﬁ%ﬁ@?’%ﬁﬂ&m nment, the detector is used

I N @ COIeRt 8f HPRIVe®iod th wire reinforcenent, and
detects corroded or damaged portions of the wire

5r ei[APBTL enentThisinventigs selates i@ agetactey fpethadetestion

det gc r.Qsi and/ Iy ks

ani €t e pARRER i BpHab IS, SR SPRTRY o,
W tdthBodifferit] thelinventio? reRees to atseasopbinit dhidbrisor  Ar t
[0002] It is known tg use acoustic detectors to detect

| efapabie af ipepettingea ligwddransporing piredpe wihite pe

pl th
PRl RO I RRPR L Hlp B, T oRE L PEY
10porémbommeﬂtphhg detectbl te:catésahmmd il@rwheredlqmi@ist he

I t [ f h I '
R B S nip el e she PRklR. L ARAE o can
det@ﬁbo&hﬁ‘erﬁ%e%é{@&er Ryusedinarkbnretd pipelifé Witrwraent

in awre-relnforced concrete pipeline, or can detect
t herefrdareement) andidetestsepireded ar dagiagedipnationsobtheet al

or concr.e 0 t
P S e dnBEt s weed Mo ridtal FbRGY Bnh Akl
15USi diirasidiedher O@Id! eflludes.pTBe senbbcimit hlsbshas a novel
way of determining its location within the pipeline.

2. Description of the Prior Art

[0002] It is known to use acoustic detectors to detect leaks
20 in a pipeline. Detectors can, for example, be placed on the
underside of inspection ports, or they can be placed along a cable
strung between inspection ports, or along a cable allowed to trail
along the lowest portion of the pipe, as shown in Paulson
Canadian Patent no. 2,273,979. Such detectors can detect the
25 sound made by a breaking wire reinforcement in a wire-reinforced
concrete pipeline, or can detect the sound of liquid escaping

through a leak in a metal or concrete pipeline.

[0003] It is known to inspect small diameter pipelines,
particularly oil pipelines, using a device called a “pig”, which fills

30 the pipeline and is propelied along it by oil pressure. Such



the pipeline and is propelled along it by oil

pressure. Suchinspection can be used to | ocate | eaks
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pi pe. [0004] It is also know-to inspect: pipelines

with a neutral density untethered sensor, which is

propelled by the liquid of the pipeline, such as is

shown in PCT Publ i shed Application WO 2004/ 059274.
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15 inspection. Some types of inspection are also known in drained
pipelines using sensors mounted on a wheeled cart or the like.
See for example, Paulson U.S. Patent 6,781,369.

Summary of the Invention ' -

20 [0006] The present invention provides a self-contained
sensor unit, which is released into the pipeline at one manhole or
inspection port, while the pipeline is transporting liquid. The
sensor unit travels with the flow of the liquid, and is recoverable at
a downstream inspection port or other location where convenient

25 access to the pipe can be obtained. It contains at least one
magnetometer or accelerometer as a sensor. In a preferred
embodiment, it contains three magnetometers, arranged

orthogonally.



than the pipeline, and does not inpede the flow of

liquid in the pipeline. Instead, it travels wth such
wohaws/08TdTus, it does not create significant baekT/CA2006/000146

pressure or inpede the flow®t liquid in the pipeline.

Further, it can be nmade small enough to be used in

pi pel i nes which are too small for a human to enter,

and in which inspection by a human is therefore not
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the other two are equal.

[0009] In a preferred embodiment, the sensor unit has an
20 incompressible inner package, preferably cylindrical or spherical,
which contains one or more sensors, a recording medium and its
power source (for example, a b:attery).'This will be called the
“sensor package” in this disclosure. The sensor package is
contained within an outer ball-sihaped unit, called herein the “ball
25 ”. The sensor package and thel ball unit together form the sensor

unit of the invention.

[0010] In a preferred embodiment, the sensor unit is intended to

roll along the bottom of the pipeline, as a ball rolls along the



nmoving liquid in the pipeline. In order for the sensor

unit to stay at the bottomof the pipeline, its
woversaBic7density is greater than the density oPCTITA2006/000146

liquid with which the pipelidge is filled. [001 1] In

anot her enbodi ment, the sensor unit is provided with

an overall density less than the liquid in the

pipeline and is intended to roll along the upper
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P! psenssonradrllt |guptr<fa]leorggly Iésts than half the diameter of the pipeline
with which it is intended to be used. This permits it to pass under
objects which bisect the pipe along a horizontal diameter, such as
open butterfly valves. The diameter of the sensor unit should also
20 be large enough so that the sensor unit can roll easily over small
obstacles, such as.a discontinuity in the wall of the pipeline where
two pipe sections join, and so that the drag of the water will cause
it to continue rolling onwards even when the pipe tilts uphill. The
rolling action of the sensor unit adds angular momentum to the
25 sensor unit. The angular momenfum can assist in traversing
obstacles such as bottom drains and make the ball less
susceptible to entrapment by obstacles. Further, because the ball
traverses the bottom center of the pipe, small outflows into
adjoining pipes (which usually leave the pipe on a side rather than
30  from the bottom) can be traversed without difficulty. In most



adj oi ning pi pes (which usually | eave the pipe on a

side rather than fromthe bottom can be traversed
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sensor unit should be greateg-than about 1/10 of the

pi peline dianmeter in order that it attracts sufficient

angul ar nonentum but this depends sonewhat on the

nature of the obstacl es and whet her the pi pe goes
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Simlarly, if the -density of the ellipsoid sensor unit
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and preferabl between 1/3 and VA of t e di aneter of
plpellne to roll along the bpttom portion of the pipeline with its
major axis perpendicular to the centre line of the pipeline.
Similarly, if the density of the ellipsoid sensor unit is less than the
density of the liquid in the pipeline, it tends to roll along the top of
20 the interior of the pipeline with its major axis perpendicular to the
centre line of the pipeline. This makes it unlikely that it will enter
and become stuck'in any access ports having a cross-section

less than its major axis.

[0015] Generally, elhpsond balls wnll preferably have their major

25  axis less than half of the dlameter of the plpelme in which they are
to be used, and preferably between 1/3 and % of the diameter of
the pipeline. However, the use of sensor units with smaller or
larger major axes may be éuitable, depending on the nature of the
pipeline.



the pipeline. However, the use of sensor units with
small er or |arger major axes nay be suitable,

wdeperndiqiy on the nature of the pipeline. [ 0016PCT/CARNIB/000146
preferred enbodi nent, the babl- surrounding the sensor
package is fornmed of an easily-conpressible foam such
as low density open cell or reticul ated pol yuret hane
foan1 Reticulated foam has no cell structure but only
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ided with interiors sized to fit a standard size
Yme sensor unit when expanded to its full spherical or ellipsoidal
shape. Once it is within the pipeline, the foam decompresses and
the sensor unit resu:mes its full size and shape. The shape when
compressed can be approximately cylindrical, and of a diameter
20  which permits it to be inserted by pushing it through a valve or
inspection port which is smaller than the diameter of the fully

expanded spherical or ellipsoidal shape of the sensor unit.

[0018] A plurality of balls of different external diameters, or
25 some balls which are ellipsoidal and some which are spherical,
can be provided with interiors sized to fit a standard size of
sensor package. Sensor packages having different types of
sensors (as hereinafter described) can also be provided. The
sensor unit used in any pipeline, therefore, can be made to

30  measure by choosing a suitable sensor package for the job to be



wonresiodedl The sensor

sensor package. Sensor packages having different types
of sensors (as hereinafter described) can al so be

therefore, can be made to nedsure by choosing a
sui t abl e sensor package for the job to bedone, and
matching it wwth a ball of appropriate size for use in
that pipeline to forman optiml sensor unit. [0019]
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19ei tHee choserndengityeran be either less the density of the liquid in

the pipeline or more than the liquid density, depending on the
intended use. If the sensor unit is of a higher density than the
liquid in the pipeline, the sensor unit will tend to roll along the

lowest portion of the pipe sections making up the pipeline. Ifitis

20 of alower density than the liquid, and the pipeline is filled with

25

liquid, the sensor unit roll along the upper portion of the pipe
sections.

[0021] Thus, adjusting the density of the sensor unit
permits the most detailed inspection to be either on the upper
portion of the pipeline or the lower portion of the pipeline. It is also
possible to inspect using more than one sensor unit. In such an
inspection, one sensor unit can for example, be of lesser density
than the liquid so as to collect data from the upper part of the pipe

unit used in any pipeli n@CT/CA2006/000146



portion of the pipeline or the |ower portion of the

pipeline. It is also possible to inspect using nore
woOhers/08m@1sensor unit. In such an inspection, BAE/CA2006/000146

sensor unit can for exanpl e8-be of |esser density than

the liquid so as to collect data fromthe upper part

of the pipesections formng the pipeline, and one can

be of greater density so as to collect data fromthe
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providing variable density is to manufacture a ball unit which with
its sensor package forms a sensor unit of greater density than the
20 density of the liquid, and which has a removable portion which

can be substituted with material of lesser density when desired.

[0023]One problem that can arise is that the amount of flotation
that arises from the use of a foam ball changes with the pressure
25 of the pipeline because any air remaining in the ball is
compressed by that pressure. To remedy this, the foam ball is
preferably exposed to a vacuum just prior to insertion into the
pipeline to reducing the air pressure surrounding the ball to less
than 0.1 bar and preferably to less than 0.001 bar. This removes

30 virtually all of the air present and allows water to fully saturate the



conpressed by that pressure. To renedy this, the foam

ball is preferably exposed to a vacuum just prior to
wonemrosicon i nto the pipeline to reducing the aPCT/CA2006/000146

pressure surrounding the baFl-to |less than 0.1 bar and

preferably to | ess than 0.001 bar. This renoves

virtually all of the air present and allows water to

fully saturate thefoam particularly if the foamis
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the spherical unit rolls along the pipe, or the distance travelled by
the ellipsoidal unit when it rolls sufficiently so that there is a full
20 360 degrees of rotation about the major axis. Sensing and
recording revolutions can be done by any suitable instrument..
For example, an accelerometer will sense each revolution as a
repeat pattern of acceleration. Alternately, a magnetometer will
sense the magnetic changes as its sensor approaches and
25  retreats from the pipe wall during each revolution. When the -
sensor unit is ellipsoidal, a single instrument of this sort gives
good results, although care should be taken so that it is oriented
to sense in a direction other than exactly along the major axis.
When the sensor unit is spherical, a single magnetometer or
30 accelerometer may undercount revolutions slightly, as the axis of



sense the magnetic changes as its sensor approaches
and retreats fromthe pipe wall during each
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single instrunment of this sof®-gives good results,
al t hough care shoul d be taken so that it is oriented
to sense in a direction other than exactly along the
maj or axis. \When the sensor unit is spherical, a
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pi ezoel ectriC device, or other acoustic or pressure

sensor. [0026] For particul ar sensing requirenents,
any ot her
'[0025] The sensor package can in addition contain any suitable

sensors for examining pipelines. For example, in one
embodiment, the sensor package contains an acoustic sensor,
20 such as a hydrophone, or a pressure sensitive sensor, such as a

piezoelectric device, or other acoustic or pressure sensor.

[0026] For particular sensing requirements, any other
suitable type of sensor can be used to meet the particular
requirement. For example, temperature sensors can be used

- 25 where it is desired to get a temperature profile of liquid
temperature along the length of a pipelline. Chemical detectors
can be used where it is desired to find the location where a

chemical contaminant is entering a pipeline.



suitable type of sensor can be used to neet the
particul ar requirenent. For exanple, tenperature
weenmmsss7can be used where it is desired to gePCCA2006/000146

tenperature profile of Iiquidd-tenperature along the

| ength of a pipeline. Chem cal detectors can be used

where it is desired to find the | ocation where a

chemi cal contaminant is entering a pipeline.[0027] The
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15 [0029] In one embodiment, the sensor package records
data, and the data is recovered when the sensor unit is retrieved
at a downstream point, and is then analyzed by a suitable

computer

[0030] Anomalies found by any of the sensors (such as a leak

20 found by the acoustic sensor, or corrosion found by the magnetic
sensors) can have their locations along the pipeline determined
by noting the number of revolutions of the sensor unit which had
occurred when the anomaly was sensed. . Because the
circumference of the ball is known, the rate and distance of travel

25  are also known by counting the revolutions and multiplying the
revolutions by the circumference of the ball. Magnetometers are
preferred over accelerometers, as the magnetometers also record
passage over pipe joints and passage near other features of the

pipeline, such as side passages, which help to verify the location.



occurred when the anomaly was sensed. . Because the
circunference of the ball is known, the rate and

wdizedcaso1of travel are also known by counti ngPCH&EA2006/000146
revol utions and nultiplying12Rke revol utions by the
circunference of the ball. Magnetoneters are preferred
over acceleroneters, as the nagnetoneters al so record
passage over pipe joints and passage near other
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dat sed The recording of signals fromthese
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bet vveen known | ocati ons such as the
signals from these markers by the acoustic or piezoelectric
sensor in the sensor package gives a good indication of the
speed at which the ball is travelling in the pipeline, and the point
in the data recording at which the sensor passes each marker.

20  The location from which the data of interest was collected can
then be interpolated between known locations such as the
location where the ball was placed in the pipeline, the locations of
the markers, and the location where the ball was removed from
the pipeline. Preferably, each acoustic marker has a different

25  signal, so that it is easy to distinguish the signals of the markers
from one another. The points in the record of the acoustic sensor
at which the sensor passes the location markers can be noted,
and the particular location at which an anomalous signal has
been received can be determined by noting the location marker

30 past most recently before the anomalous signal, and the next



| ocati on where the ball was placed in the pipeline,

the locations of the markers, and the |ocation where
woOherswaid7iwas renoved fromthe pipeline. Prefeprablcoa2006/000146

each acoustic narker has a-dgf-ferent signal, so that

it is easy to distinguish the signals of the markers

fromone another. The points in the record of the

acoustic sensor at which the sensor passes the
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concrete pipes are reinforced by wire wrapping within the
concrete, the joints will have two overlying sets of wire wrappings,
one from each pipe, and also a steel bell and spigot detail that

20 exists only at the joints, and which will also provide a magnetic
anomaly. Thus, a person plotting the location of an acoustic
anomaly can consult the records of the pipeline construction, to
find out where the joints are, and correlate the number of joints
crossed (by the magnetic anomalies that are exhibited when a

25  joint is crossed) against any other anomaly sensed by any sensor
in the sensor package: Thus, if an acoustic- sensor is present and
detects an acoustical anomaly, such as a leak, correlation with
the results from the magnetic sensor permits the location of a
leak to be identified to within one pipe length. By assuming

30 constant speed along that pipe length, one can pro-rate the time



exists only at the joints, and which will also provide

a magnetic anomaly. Thus, a person plotting the
woOaoewtosti11 of an acousti c anomaly can consult tRET/CA2006/000146

records of the pipeline consf4uction, to find out

where the joints are, and correlate the nunber of

joints crossed (by the magnetic anonmalies that are

exhi bited when a joint is crossed) agai nst any other
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[0036] In a particularly preferred embodiment, there are
three magnetic sensors, arranged orthogonally. Thus, where an
unanticipated magnetic anomaly occurs, for example, one which

20 is not a normal magnetic anomaly encountered at a pipe joint, the
three orthogonal magnetic sensors will record the magnetic
anomaly differently, If the orientation of the three orthogonal
sensors is known (as, for example, by locating them relative to
the down direction as shown in C.P. A. 2,273,979 of Paulson),

25 then the location around the circumference of the pipeline from
which the magnetic anomaly is being recorded can be
determined. This assists in locating the anomaly for the purpose
of subsequent inspection of another nature, as for example by a
tethered video camera.



three magnetic' sensors, arranged orthogonally. Thus,

where an unanti ci pated nagneti c anomaly occurs, for
wexenspises71one which is not a normal nagneti c aROMENIAR006/000146

encountered at a pipe joint,q145he three orthogona

magnetic sensors will record the magnetic anomaly

differently, If the orientation of the three

or t hogonal sensors is known (as, for exanple, by
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at t beoayse ther lowes fiedugnaies would attenuate more rapidly with
distance. The ratios between the amplitude of the signals at
different frequencies can therefore provide an indication of
proximity and therefore, over time, the direction of motion whether
20 toward or away from the detector. A preferred range for such a

swept pulse is be between 1 KHz. and 200 KHz.
[0039]

[0040] The sensor unit is preferably inserted into the
pipeline in collapsed form. If the ball is foam, it is compressed

25 about the sensor package. The sensor package is preferably
spherical, and small enough so that it, with the ball squeezed
about it, can be pushed through an inspection port or valve. For
example, for many applications it is preferred to have a sensor

unit which can be compressed so it can be pushed through a 4



di stance. The ratios between the anplitude of the

signals at different frequencies can therefore provide
wanodervdicat i on of proximty and therefore, ovePCTIORR006/000146

the direction of notion whethgr- toward or away from

the detector. A preferred range for such a swept pulse

is be between 1 KHz. and 200 KHz. [0039] [0040] The

sensor unit is preferably inserted into the pipeline
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15 [0043] For fuII mspectlon it may be desired to release
several sensor units within a short space of time. One, for
example, can have a density such that it will roll along the bottom
of the pipeline. A second can, for example, be of lesser density
than the pipeline, so that it will roll along the top inside of the

20 pipeline. A sensor unit of lesser density than the liquid in the
pipeline should not be used if there are any manholes or other
access ports into which it might rise and be entrapped before it
travels the distance intended for inspection, or downward
projections from the roof of the pipeline (such as a valve

25  structure) which it might not be able to pass.

[0044] Another occasion on which several sensor units can be
used is when a first sensor unit has detected a leak, and the
position of the leak has been plotted by the number of revolutions
through which the sensor unit had travelled. Then, surface
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is disposed. A preferred ball catching apparatus for a foam ball

($)}

~sensor unit is a pipe which is inserted into the pipeline through a
valve or inspection port. The inserted pipe is equipped with a net
20  which deploys to direct the sensor unit toward a hole in the
inserted pipe. Initially, the pressure in the inserted pipe is the
same as that in the pipeline. When the ball is adjacent the hole,
the pressure in the inserted pipe is reduced, for example by
exposing the other end of the inserted pipe into atmosphere. The
25 ball is sucked into the hole by the difference in pressure between
the pressure in the pipeline and the lower pressure inside the
inserted pipe. The foam compresses to pass through the hole into
the pipe, so that the ball is squeezed through through the hole
and passes thorough the inserted pipe, out of the pipeline. The
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mani pul ating the net to envelop the sensor unit, then
renmovi ng the net through the
0048? Once the sefnsor umt is retrieved, the recordings
made by the sensors are read Acoustic, magnetic, temperature
and/or chemical anomalies are noted (depending on what
sensors were present) "with respect to their location along the
20 pipeline. Further examination, using another type of sensor can
then be carried out at those locations, or the exterior of the
pipeline at those locations can be accessed for necessary repair

work.

Brief Description of the Drawings
25
[0049] The invention will be described further with respect

to the drawings, in which:

[0050] Figure 1 shows one preferred type of detector unit

according to the invention, which has a spherical foam exterior.



manhol e. [0048] Once the sensor unit is retrieved, the

recordi ngs made by the sensors are read Acoustic,
worge@Bi@l tenperature and/ or chem cal anomal i BETANAR006/000146

not ed (dependi ng on what sengers were present) with

respect to their location along the pipeline. Further

exam nation, using another type of sensor can then be

carried out at those | ocations, or the exterior of the

e dBOSTF, °r o a6 4 BB B ERR oF FIFE 35 e inicH the
Dr quhmosxteAddiglellidyid.nvention w || be descri bed
further with respect to the drawi ngs, in which: [0050]

Fi 1 sh f dt f detect it
acd8P8Rhg t o MEU eLAPESCUHER Htatens BEIEartdh of oam
8p!  #oR) _ e o
o b P g P e A e Y g e

53 shown m egskseckormf steps for insertion of a foam
covered sensor unit into a pipeline, the pipeline

bei own in crogsisect.i Ei a
fur[Bﬁés errbod‘?'ﬁﬁFﬁ @POWﬁ@ @%g&)%ﬂﬁi&lc{nﬁeﬂgéﬁﬁé rl %s and
a T inavig @54 Shd al fabGe bk@psedn fcollapsddfsdl. Figure 5
shows the sensor unit of Figure 4, in expanded form
[00551; Fi gures 6a and 6b show the ins {:Ii on of the
entl8864tnt of Fiougripshawsihe sgnPHEnit HE. igusB 46" Fi gure

7 s e of a sensor unit along the bottomof a
pi p%?p:%g%ﬁéggﬂ Fi gure 8A and Figure 8B show a

‘cross-section of .
10 [0055] Figures 6a and 6b show the insertion of the

embodiment of Figure 4 into a pipeline.

[0056] Figure 7 shows passage of a sensor unit along the

bottom of a pipeline.

[0057] Figure 8A and Figure 8B show a cross-section of
15  the pipeline of Figure 7, showing how the sensor unit (a spherical
sensor unit in Figure 8A and an ellipsoidal sensor unit in Figure

8B) move along the bottom of the pipeline.

[0058] Figure 9 shows two sensor units of two different

densities disposed in a pipeline.

20 [0059] Figure 10 shows one method of removing a sensor

unit from a pipeline, by inserting a net.

[0060] Figure 11 shows a preferred method of removing a
sensor unit from a pipeline which is pressurized, by using an

inserted recovery pipe.

25



the pipeline of Figure 7, show ng how the sensor unit
(a spherical sensor unit in Figure 8A and an
webhkbispswi7dal sensor unit in Figure 8B) nove al eamy/CcaAh@6/000146
bottom of the pipeline. [0058p-Figure 9 shows two
sensor units of two different densities disposed in a
pi peline. [0059] Figure 10 shows one nethod of
renmoving a sensor unit froma pipeline, by inserting a

net 0] Fi qur hows,. a ferred nethod, of
remgé/l a se%ﬁ%‘ﬁeﬁ ?Qh‘?"}’%meag’%ﬁﬁﬁﬁr?%%f%%'%?%ﬁa

pr essagrietieGensyr, holdn@thd Racs rdler e teesahddir RRit[ 0061]
Figure 12 shows the actual trace recorded by a

nagFRMAlvessWhie Follirg alanegherirelingee made as the sensor
unit revolves while rolling along the pipeline. [0062]

Thegdtesy nos atE SSNATH s AMBGRTl A Abelodet ol o

illustrates one preferred enbodi nent of the sensor
ani Dejaited Desgripfiarhef theviavendion shown in partly

di sassenbl ed form The partially disassenbl ed sensor
unit (sensor package plus ball unit) is shown

di agy@eBat i calFiguras filstrtes YeQreRAFALEMbEAMES STBRE

of some rigid material, such as a rigid plastic. The
sen§eps@adKhaecardingdpdbe hwestioneshownin paitlyr nateri al |

i f [ AM L hi e such that
! oo o EPOSB Bt SBREPTHET T
1@xt ¢ermlor phuckage! plus[BMadit) ishdven elidiprdivigaticaiip @er60.t he
sensor package has two half shells 102 and 104. Hal f
shel sefts@r pagkage {180 1i5anags ehsemedidichmatenal, sudhasp
1024 LSt e [ it S j ly,

ot nuEpl8CICT e sBnBlbbAckaRe Banibs KB Jfifetal Bt beT
material, if the sensors to be disposed within it are such that a
metal package would not affect their sensitivity to external

15  stimulus.

[0064] In the embodiment shown, the sensor package has
two half shells 102 and 104. Half shell 104 has a lip 106 which
fits under half shell 102 and is held in position by screws 108.
Obviously, other means for closing the sensor package and

20 retaining it closed can be used. )

[0065] Within the sensor package is a circuit board 110.
This is provided with suitable circuitry to connect the sensors,
power source, recording device, clock and any other components
of the sensor package. Obviously, separate connections could be

25  used rather than a circuit board, but this is cumbersome and not
preferred.

[0066] Mounted on circuit board are one or more sensors
shown schematically as 112, 114,116 and 118. For example,



retaining it closed can be used. [0065] Wthin the

sensor package is a circuit board 110. This is
wonosiodediwi th suitable circuitry to connect tReT/CA2006/000146

sensors, power source, recordiing device, clock and any

ot her conponents of the sensor package. Cbviously,

separ ate connections could be used rather than a

circuit board, but this is cunbersonme and not

. : \ g
Por e O ool B L et aftp HF Hidre 1980 9a B et g
118 anBfor awaomherd prissursSetisingdeicessor engsdtafire One

or nore g etoneters and/ or one or nmore pressure
sensPrRydmgvIeMices. Hmagnelomelgrearediesant i ispvefered tof
mag r inrlih Al d

e e e Radh SoRiEtE s brierlibd oFHBEERAN £00@ aaire:.
anotlinég is indicateidssdhediatiady irs Elyaratli wiadreysdnsofs guze 1
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or t RO S anEagRgloner ersaraGaonal 30 paeanleerus: | c
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hydr ophone, or piezoel ectric sensor. Sensor
i t s mieepbene osbiydraphane; or piezbeBaticsernsmusSensaonsct

W t : .0 ensor __pac e .100, to get, goo

pns D58 Bk C ReRERG BorERCI TR starousls ditetoem
10\ s ovalfef BEASOI0PadKageCi 00; th Gebgasd p'a§s@%é 8£aeslistie

device 120., which records to a renovable nmenory 122

sui EPRle thieugh heovall.ng device is a sinple digital

recorder, which receives (and converts to digital if

c Y) thaiseneaniHmitle ofdth BERANES r‘gggga_iﬁgfot he

ne
menory. "The preferr nmenory I's an 068]
Opt Heviae [1203Iveicla redard td 24emaviable meeworgst 22. Sustably,

trage on the nmory 122, s al.so nounted on circuit
recorcnng ggwceyls a sn’np'le digital recorder, which receives

boal &
15 (and converts to digital if necessary) the sensor outputs and
records them to the memory. The preferred memory is an SD

Ram card.

[0068] Optionally also a clock 124, which records a clock
trace on the memory 122, is also mounted on circuit board.

20 [0069] The circuit board 110 also has mounted on it power
source 126. Conveniently, this can be a non-rechargeable
battery, such as a lithium battery. However, rechargeable
batteries or any any other self-contained energy source of a
suitable size can be used.

25 [0070] A foam ball unit 150 is provided. It is shown
disassembled in Figure 1. It is made preferably of compressible
foam, for example soft polyurethane. Reticulated low density

polyurethane foam is preferred. It is provided as two half



[0069] The circuit board 110 al so has nounted on it

power source 126. Conveniently, this can be a
waamerostd1ar geabl e battery, such as a |ithi um baCT&AR006/000146

However, rechargeabl e batterpzs or any any ot her

sel f-contai ned energy source of a suitable size can be

used. [0070] A foamball unit 150 is provided. It is

shown di sassenbled in Figure 1. It is nade preferably
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t 150. T 252 an have

form foam bal | uni . The pi eces
pasirayfoanbbahunitdadciTheupiaces 252 @nidcHi4 havepadding

who r e . Q. r ce.the unt of foam whjch
hasﬁ}%(‘)‘@bet R%@'n%tcz@sreoé %%z%?pﬂgesuﬂﬁ) VYI}},OS@OWHPQ% é%l{q o be

10! apsilicerthe Renquref fowm whieh fashb Hettnsestb@ whenes is |
alsg located so that the portion of the wall of sensor
pac&‘é‘g@'ﬁ@@qm@ﬁés%&ﬁe iPlaceshisdhe pipslines Preferatdy | s

not £ . : ' i gnal ,
or cp 2 SF i hlEs 10 Ah 0B S RaPR0F S i Sl ahly
ovesendor package ¢ 00fwhdre groastis s@hsbraliBa3i8ocated & noot
to i nped g)the p{otective function, of the foam and not
Lo CABIPARYIORMe [2ENSHE TH0R EORHRlG SO0Ak PrelpCEPt]

18- g eHH) i ai ' T uni t
oge Feanaus afe Yadaltel ol Doer g e et oy
bal Piegas £52 and 354, so as not to impeded the protective function

of the foam and not to unbalance the weight of the entire unit.

[0071] Figure 2 shows a variant of figure 1. The sensor unit
100 is the same as that of figure 1. However the foam ball unit

20 (numbered 150A and shown assembled, is ellipsoidal (shaped
like a rugby or North American football ball.)

[0072] Figure 3 shows the insertion of a sensor unit 50
(after being fully assembled by joining together pieces 152 and
154) into a pipeline 200 filled with liquid 206 (for example water)

25  flowing in direction 208. There is an access port 202 (also known
as an inspection port) in the top of the pipeline. This is normally
closed by a valve shown schematically as 204. In the figure the
valve is closed



(nunbered 150A and shown assenbled, is ellipsoida

(shaped like a rugby or North Anerican football ball.)
wpQE6AR1FI gure 3 shows the insertion of a senseCTMAR006/000146

50 (after being fully assenbpgd by joining together

pi eces 152 and 154) into a pipeline 200 filled with

liquid 206 (for exanple water) flowng in direction

208. There is an access port 202 (also known as an

nor 107371 Bhblrié IBrod adth 2h2ds Rtifow dleny %2 204,
| n tdhitially gothing isemuahted drethid scred] B0, Abehdis drip of
202 is a screw thread 232. Initially

t he ,access port. O > ; !

not KEAR nifialyin ewsiion: 30 Is braughtiie daaisites Isisrtben uni t
sh e Ao ok 0 [ r . t he

o Safletsd o e bABAT hoR 0. & cBI&HAEY o fihle

50b screwerl ity pr236uriestightdasision enetieithraaide23a) Mhe dafalr

fashi on on the thread The cover has a pressure
{ ohESq Bbssate:talineinh 235 el dich Rapes bod 220

t er g iAdh ' ] FRIERTY 4 VI [ '
pl astic %%n{eritq%?ggl t al 13'62,%%@ Iéz/a\éhslgaw EE%PQBS%&? Ic') It
whi @lsoahas asamlbaral 236 1238hick o sigtabie d/aluei289 e 237

can n e t he val ve. 074] The sensor unit
i's .I,%Sgﬁﬁ&?qhﬂ%\??z%@&%ﬁ?icglnnﬁ%elht PJH%,Va §a, 50b and
50c. and 50d. In position 50a, it is resting on the
1@round surface 210, prior to insertion. In position

50bJo07y val vahdQeniap uhl fNsReR ififcit Sebhéntigiam uni t
has been c%ressed to squeeze through the access port

\2/\22 pasifors\2la;S0boand FBerand $d.do\pesitpeiea iip'_atrﬁsiing
W tight
r o1 Opif o sl PS8, ik FiteRo R aRYri s dha ce

bet velee 2dvieas B8 apdnadiare he4olbh uhit Ras BekbAg ai r

hrough valve 139 and |ine 137, to renpve air
1int P‘a'?\l?é%s%eﬁ’ torRauesgmtioughithe sgcess Bed 20Ri ahave vadve

al sgoleThén,tRE ¥o98r 286 RUSH dd. "Rihen cover 230 has been

secured in pressure tight relation, optionally a vacuum is created
in the space between cover 230 and valve 204 by withdrawing air
through valve 139 and line 137, to remove air entrained in the

20  foam of ball 50. A sterilizant can also be introduced through line
237 and valve 239 if thought desirable. Valve 239 is closed and
valve 204 is then opened, so that liquid from the pipeline enters
the space between valve204 and cover 230. When the spéce
between valve 204 and cover 230 is full of water, rod 220 is

25  pushed manually, to force the sensor unit first into position 50c

and then into the pipeline as at 50d, where it recovers its full size.

[0075] Figures 4 ~-6 show‘é second embodiment of the
sensor unit. This embodiment is generally numbered 450. It has a
cylindrical sensor package 410, and a fabric exterior 420. The

30  sensor package contains the same sensors and other



237 and valve 239 if thought desirable. Valve 239 is

cl osed and val ve 204 is then opened, so that liquid
wonrawosia1 pi pel i ne enters the space between vaP@eZ04006/000146

and cover 230. Wen the spacggqbetween val ve 204 and

cover 230 is full of water, rod 220 is pushed

manual |y, to force the sensor unit first into position

50c and then into the pipeline as at 50d, where it

ecSeBREbE: MohendkATas Seatdtpadiibe Tor g b RoR
I s gsoeralibyibiatesdsird dhe bhd BRSedsdt aickﬂﬁé @3l gensor

package 4 10, and a fabric exterior 420. The sensor
pacf&ééeﬂ%tﬁrmlm’fetatéh@@t@r@wora;ﬂ@ﬁblemme@bméaéﬁm
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i ichis
ot r B0 ALPANIL A J 10 hs recpee 448 gaviiah émuni
enqLiss Pt €4 it F8hs 439 Moo REHRAID, yfich WiPrGnE
an theskalt $hapea.ool can fit. Ribs 430 support fabric

420, which wll formthe ball shape. [0076] In Figure
the sensor unit 450 is di sassenbled for insertion

4’ - - -
10 mofsfrell o° . o REEiOUES At pSs ey Uit hhsasspiblod b
ovefrsaptididintd '8 Pipdine. TaBMNibs él&én@ﬁﬁﬂlai:dg by e siew
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the ribs. In Figure the sensor unit

assefihlecsenshr pgclage 440, with & fabric 446<overkayingiheatess

bal TS alltnd Repf cuPHiEs e fliohaie o3I ERUGE R or
t hesemstamitie flBosssbAtbled ORING 454 BUHEKSRINES ?o@iﬂoﬁ fpw

1éhe sequence of insertion of the sensor unit 450 into
h

ergsiess idganshine fabrie, prghegddaetigl ibsyheriassumed a ball
shape with flattened ends 412, 414 at the end of the sensor

package 420.

[0077] Figure 6a and 6b show the sequence of insertion of
the sensor unit 450 into the pipeline and its final assembly within
20 the pipeline. The pipeline is the same as in Figure 3, and the
same numerals will be used to describe it as in Figure 3. The
sensor unit 450 is releaseably attached to the end of an insertion
device 470, as by a loose compression fit of a rubber bottom end
472 of insertion device 470 in recess 416. The insertion device is
25  then lowered through the valve 204 into the pipeline. The
diameter of cylindrical sensor packagé 410 is sufficiently small to
pass through the access port 202 and past valve 204. In Figure
6a, it is in the process of passing valve 204. In figure 6b it is
within the pipeline. A sleeve 474 is lowered on insertion device
30 470 to push ring 434. It pushes until ring 434 snaps into recess



the pipeline. The pipeline is the sane as in Figure 3,
and the sanme nunerals will be used to describe it as

wonodsiogua7e 3. The sensor unit 450 is rel easeabPgT/CA2006/000146

attached to the end of an r#8ertion device 470, as by
a | oose conpression fit of a rubber bottomend 472 of
insertion device 470 in recess 416. The insertion

device is then | owered through the valve 204 into the
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Mobile beacon 715 transmits_at very low frequencies (below
about 1000Hz) so that its signal will not be attenuated by the

20 earth and the walls of the pipeline. Mobile beacon 715 is also
provided with a GPS transmitter/receiver 710 so that its position
will be known exactly. The signals from the beacons are recorded
by the acoustic sensor, or they are recorded by recording device
122 to provide a reference to the location of the sensor unit when

25  the recording is made.

[0079] There is a leak 740 in the pipeline, and the escaping
liquid gives a characteristic sound which is detected by the
acoustic sensor and recorded with the other signals of that
sensor. Subsequent analysis can determine the location of the

30 leak, either by comparison with the signals recorded from the



Mobi | e beacon 715 transmts at very |l ow frequencies

(bel ow about 1000Hz) so that its signal will not be
wanvwrwset7ed by the earth and the walls of the pCpe&A2008/000146

Mobi | e beacon 715 is al so pr@gi-ded with a GPS

transmtter/receiver 710 so that its position wll be

known exactly. The signals fromthe beacons are
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[0081] Figure 8A shows a cross section through pipeline
200, showing how sensor unit 50 rolls along the bottom of the
pipeline. Figure SB shows the position that an ellipsoidal sensor
takes up, with its Iargef axis at right angles to the axis of the

20 pipeline.

[0082] Figure 9 shows two sensor units of different density,
and how they move through the pipeline. Sensor unit 50x is of
lesser average density than the pipeline, and is used only when
the pipeline ifs filled with liquid. In the embodiment shown, the

25 pipeline is filled with liquid, so it rolls along the roof of the pipeline.
It is larger in diameter than the inspection ports encountered on
route, sd does not get lodged.in such inspectidn ports. Sensor
unit 50z is of greater average density than the liquid in the

pipeline, so rolls along the bottom. The sensor units are shown as



[0081] Figure 8A shows a cross section through

pi pel i ne 200, showi ng how sensor unit 50 rolls al ong
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position that an ellipsoidalgmsensor takes up, with its
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engage it manually with claw-type grapple 1030.

[0084] Where the liquid in the pipeline is under pressure
and the sensor unit is has a spherical compressible ball outer
surface 150, the method of sensor unit retrieval shown in Figure
20 11 is preferably used. Figure 11 shows a recovery pipe 1100
inserted through an inspection port (also known as an access
port) 202, with the valve 204 closed tightly around the pipe.
Recovery pipe 1100 ha‘s‘ its own valve 1102, which is also closed
so that pressure does not escape from the pipe.. Recovery pipe
25 1100 has attached to it a cone shaped net 1120, which is
deployed by resilient ribs 1122, which are compressed during
insertion of the recovery pipe into the inspection port, but then
expand to deploy the net. The net causes the sensor unit 50 to
drift to the apex of the cone. At the apex of the cone is a hole
30 1130 in the inspection pipe. The hole is slightly smaller than the



portioni 020 to engage the sensor unit, alternatively

one can engage it manually with clawtype grapple
waQes/08jdd084] Where the liquid in the pipeli nePCT/QARGBI000146

pressure and the sensor unii28s has a spherica

conpressi ble ball outer surface 150, the nethod of

sensor unit retrieval shown in Figure 11 is preferably

used. Figure 11 shows a recovery pipe 1100 inserted

t hrqugh an ipspecti ol rt falsn.kn ap. access
por E1emeia? of PRSI LRE APBEh 568 baR it BB e i oune
t he rgddery & 1P02%s éE@ﬁ’e@ aGicklyto@imosphere. Kkthe
which is also closed so that ﬂressure does not escape

f r oRtMASPhgriscnressidiesdess iapdhe ruessue inthapipedthe it
ac ] ' Al 1 ent
71 b e85 e My coltprditeian siaR AR 530, ¢

5 he wretewsaryit pisps andtburstacolt of ties tacovepopipe dbdvet hen
expand to deploy the net. The net causes the sensor

uni 9@N4o drift to the apex of the cone. At the apex
of the cone is a hole 1130 in the inspection pipe. The
hole is slightly smaller than thedi aneter of the bal

: TN .
val (04 Ay g sl N5 S Bthertih £ SERE Sl P°
at mbaptethiat eppasdsuit ¢éo blockete pipaling, las ghrovasim BCiTn t he

ip he nsor unit | | ] conpressed and
1(§uc%é@ﬁ'§|ﬁ?(i HB|"éat“£’I’3\A’,d éﬂé‘}@%gélﬁxut rises and bursts
out of the recovery pipe above ground. [0085]

At eooddlel Y. IOndesthBdewisbl anit & kgdvarddethevdhty @ spring
steel band, that expands it to block the pipeline, as

shovgcaorded@pnpiisisepsers iniis reeandinghunibisoamalyosbiny 4

RSy B8R beb? RSBy it
analipoasbiore theaansbaahit W recoletdik tiiatatah@salpsie dan

transmtted by transmtter
begin even béfore recovery.

[0087] Figure 12 shows an actual trace made by a singe
magnetometer as a spherical sensor unit having a circumference
of 2 feet moved along a pipe. A pattern of regular peaks and

20 troughs is seen. The peaks have been numbered 1201-1212 for
clarity. Each peak represents the completion of a revolution,. It is
therefore easily seen from the graph that the sensor unit travelled
24 feet. The abscissa of the graph is elapsed time in seconds,
and the ordinate is the voltage output of the magnetometer.

25 [0088] While the foregoing description and drawings have
shown preferred embodiments of the invention, other
embodiments will be evident to one skilled in the art, and are

intended to be protected as well’.



120 before the sensor unit is recovered, the data
anal ysis can begin even before recovery. [0087] Figure
we20mleyeg1an actual trace nmade by a singe magneCoaRers/000146
as a spherical sensor unit 2aving a circunference of 2
feet noved along a pipe. A pattern of regular peaks
and troughs is seen. The peaks have been nunbered
1201-1212 for clarity. Each peak represents the
co I revolution,. It is therefore easily
segﬁbﬁé%§2¥ﬁ&egﬂ'ph that the sensor unit travelled 24
feet. The abscissa of the graph is elapsed tine in
secgonds, and the ordinate is the voltage output of the
magret onét dethef-figgaiengnr uBitifaruse i §en$ing ¢esgitiopsiing
and WeNdRidha s preferred enbodi ments of the
invgﬁ%ﬂgﬁjﬁﬁFﬁer e@%%%?nents will be evident to one
5ki | | ed ianpadiegar ¢containihcpaesansbe setatted fioen pt ddast tome
as well' What is claiped is: 1. A tetqer-free sensor
ini MAgRStGSENSAT 8RR o st BRI A6asHRromElE @Skl i ne.,
uhi ch CORMARSRT rdedhdfigafifia SBALEH BYBidseRsOr
selected fromat | east “one nmagneti ¢ sensor and at
| east one accel eroneter, and neans for recording data
sensed by, said sensor.. 2.%£“s nsor, unih.?g clbaimed in
cl aPm 1, 7Y FERGA URIE) Jalaed B Clrim . iR yhid bsrit sensar sy
16engahaghéfonfisie! @i med in claim 1, in which said
sensor I's two nmagnetoneters, arranged wi th an angul ar
separation of other than 180 degrees. 4. A sensor unit
as gl ai mpd_ | ai ' | gh: sai oL ]
mage: omet ot s oaed (L GHIAT, Ih FERILE SsiREr R
5. #Awsensgretormeterssathageddithrarnasgalbr sbparmsioh-of other

ddi ti I
2 Ithelmo‘rll 5‘& d)égrees.
15
4. A sensor unit as claimed in claim 1, in which said sensor is

three magnetometers, arranged orthogonally to one another.

5. A sensor unit as claimed in any of claims 1-4, additionally
20 comprising a ball-shaped outer surround which surrounds and
protects the sensor package.

6. A sensor unit as claimed in claim 5, in which the ball-
shaped outer surround is spherical.

25
7. A sensor unit as claimed in claim 5, in which the ball-

shaped outer surround is ellipsoidal.

8. A sensor unit as claimed in any of claims 1-7, in which the
30 sensor unit, as a whole, has a density less than the density of the

liquid in the pipeline with which it is intended to be used.



conprising a ball-shaped outer surround which

surrounds and protects the sensor package. 6. A sensor
wande/oass7cl ai med in claimb5, in which the bal | soa@adoos/000146

outer surround is spherical3 7. A sensor unit as

claimed in claimb5, in which the ball shaped outer

surround is ellipsoidal. 8. A sensor unit as clained

in any of clainms 1-7, in which the sensor unit, as a

IToe 1 R efst U o cBifet "AnktT IS 17, Bhubih theye

us edefsorfuisig Ee0a Whilé, I8ss al dinsiy gréatenyhan trfé aensitylof’ ,
in which the sensor unit, as a whole, has a densi ty

gr ea‘?%hqlﬂﬁa’i‘]tﬂ%ﬁ'p@@ﬂ%"\ﬂﬁh \Mlﬁlchh"elsllnfqﬂﬂ@d ito) berusesi pel i ne
with which it is intended to be used. 10. A sensor
unit as clainmed in any of clains 1-9, in which the
Hal I10shaweslermnjremltsas claimdd doapyiof efaimzenOc &l Which the
poI e an foam 11. A sensor. unit as c|ained i

X’PL\ 9°U*|eﬁ Siirenng h%oraamse%%uc%ttmly@smaa@nd
comp(;érﬁ_es retl cul ated pol yurethane foam 12. A sensor
unit as clainmed in any of clainms 1-1 1, in which said
means for recording data conpri ses a renovabl e nenory

de e. 13. A sensor '.t s cla of clajns
15145 sotSet it g et o 30t £ ibisicn
10 ec aflishepde Vb wer @Lﬁrduhds 'é@ﬁileSéQYre'l’i@@I@@éH OMRIreftane -
sensors. 14. A sensor unit as clanmed in any of clains

1- 1%amddi tional | y conprising an acoustic sensor. 15.
A sensor unit as clained in claim14, wherein the
acoustic sensor is a hydrophone.

12. A sensor unit as claimed in any of claims 1-11, in which

said means for recording data comprises a removable memory

15 device.

13. A sensor unit as claimed in any of claims 1-12, additionally
comprising a battery to power the recording device and to supply
any needed power to sensors.

20
14. A sensor unit as clamed in any of claims 1-13, additionally

comprising an acoustic sensor.

15. A sensor unit as claimed in claim 14, wherein the acoustic
25 sensoris a hydrophone.

16. A sensor unit as clamed in any of claims 1-13, additionally

comprising a piezoelectric sensor.



16. A sensor unit as clanmed in any of clains 1-13,
additionally conprising a piezoelectric sensor.17. A
weenmmsiaini t as clamed in any of clains 1-13, PCT/CA2006/000146
additionally conprising a ti@nperature sensor to sense
the tenperature of liquid surrounding the sensor unit.
18. A sensor unit as claned in any of clains 1-13,
additionally conprising an acoustic transmtter or
transponder. 19. A sensor unit as.c|ai in ¢l.aim.18,
o dRE o A hengdf il A5 Blfhest M oo Sl anadeonay
ran @:@nﬁfrisfr{ge%uﬁéiﬁg@@tur@seﬁs&eﬂﬁ @eny8itheaerfpaaRstel B
any of clainms 1-19, additionally conprising a chem ca
sendguid surpundingstheosenseirunids cl ai med in any of clains
5-1 9, in which the surrounds are provided with
cut-out areas to increase their conpressibility and to
- ncrigase A bendorpaiicas alanesd iy asp ofidlaimg. 1-A3 hadditanally

i nspecting a pipeline containing |iquid, conprising,

pr oFPHINSING dia ASeystfiransiaiier ar gr@”%o%ﬁﬁf- of clainms 1-9
or 11-16, said sensor unit being of greater density
that the liquid in the pipeline to be inspected,

al | d&i ng A heensensonit uas tclained! ih @laimg 118h einbathicim thfe
the pi pel.ine, inside th i peline, while recording a
si g VAN A dFANRROREeE b HBTR GYBBIS &Y TTeaUBnEESons
1phat the surface of the sensor unit has nmade.23. A

nmet hod of inspecting a pipeline which is filled with
i q@0d, dospmsasiunit apclavetl igany oéskimsunil®, additionillyy

to an .cl al 1-8 or 11-16, said sensor unit being
of 3?@%&%.‘“%%8515%%3{‘3%e liquid in the pipeline to
be inspected, allowi ng the sensor unit to roll along
the top of the pipeline, ) ] _ )

21." A sensor unit as claimed in any of claims 5-19, in which the
15 surrounds are provided with cut-out areas to increase their

compressibility and to increase their penetration by sound.

22. A method of inspecting a pipeline containing liquid,
comprising,

20 providing a sensor unit according to any of claims 1-9 or
11-16, said sensor unit being of greater density that the liquid in
the pipeline to be inspected,

allowing the sensor unit to roll along the bottom of the
pipeline, inside the pipeline, while recording a signal

25 representative of the number of revolutions that the surface of the

sensor unit has made.

30



i nside the pipeline, while recording a signal
representative of the nunber of revolutions that the
weuodsases7of the sensor unit has nade. PCT/CA2006/000146

10

32

23. A method of inspecting a pipeline which is filled with liquid,
comprising, '

providing a sensor unit according to any of claims 1-8 or
11-16, said sensor unit being of greater density that the liquid in
the pipeline to be inspected,

allowing the sensor unit to roll along the top of the pipeline,
inside the pipeline, while recording a signal representative of the
number of revolutions that the surface of the sensor unit has
made.



