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Background of the Invention 1. Field of the Invention 5 [0001] This

i nvention a detector for the detection of a I.es |
pi pel i nes \S\ﬁ@h&?srléﬁsport liquids. In i't_s preferred en%ggﬂ%ﬁ Gfﬂﬂ(ﬁﬁ(é

invention relates to a sensor unit which is capable of inspecting a
i quid-transporting pipeline, without interfering with the
transported liquids in the pipeline. In one 10 enbodi nent, the

detector locates liquid | Lguid i ng fromthe
pi peline fromthe pi pelAN@ﬁéh%*gRég@%%lﬁ%ﬁﬁg$he detector is
used in a concrete pipeline with wire reinforcenent, and detects
corroded or dabBagkarqggrd pbthe lventien wire reinforcenent, or is used

in a nmetal pipgli neFi?afl]n&Io‘ﬁm@ ;]_.i%ncorrosi on and/or weld failures.
The sensor unit” al so has a novel way of determining its |ocation

wi t hin the i pHG0Mg. 2. Tesimigptioonelefesttba datechor fartthg de@Rfiont i s
known to use acpustic.detectors to.detect |eaks 0. i peline.
Det ectors can, © @?O@Ql}ﬁ"ﬁdpé’,’peg@eﬁl ‘ghttr% 'q%depéésgggﬁrq%nspection
ports, or theyesdBdigernt fedavaitionderisipl £serdorwng wittiveen i nspection
ports, or along a cable allowed tq trail along the |owest portion of

the pipe, as sheRaPle ff bsopetng a @Hgﬂﬁa&ﬁl’%ﬁ'@rﬂipfﬁ@?v E’!‘tb‘?‘ét, 979. Such
detectors can difding Wftn e PAMHERGELRYK i 1R @gpﬁ@ Moh8

reinforcenent In a wre-rein ncrete p ine, or can detect
the sound 4 | expbodinesiaihierdptector locgtesdiguigdrakawheraeliqilid iy concrete
pi peline. [000 It 1 . i X ' pi pel i nes,
particularly o %C?ﬁﬁﬁf)ﬁ@g%fﬁsel%ﬂaq%?ﬁﬁq @gg@ﬁﬁ%%@ﬁﬁél g", which
fills 30 the pinbelinentaing dedegivoisalseddn alcomgrdté pipeline withreiss ur e.
Such reinforcement, and detects corroded or damaged portions of the
wire reinforcement, or is used in a metal pipeline and detects
15 corrosion and/or weld failures. The sensor unit aiso has 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 frail
along the lowest portion of the pipe, as shown in Paulson
Canadian Patent no. 2,273,879. Such detectors can detect the y
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 ail pipelines, using a device called a "pig”, which fills
30 the pipeline and is propelled along it by oil pressure. Such



WO 2006/ 081671 PCT/ CA2006/ 000146 -2 inspection can be used to |ocate
| eaks and to check the welds between adjacent |engths of pipe.

[0004] It | own to inspect pipelines with a neutral = densit
unt et heredk“z()egdgglﬁs,'l%&hi ch is propelled by the liquid of tpﬁgfc%z‘mm““é/
pi peline, such as is shown in PCT Publi%$hed Application WO

2004/ 059274. However, it is difficult to tell the location of such a
sensor within the pipeline, and the sensor is subject to getting

trapped within the pipeline. Further, such sensor units comrunicate

with el ect r omaghBPPEUON G ke upptipdReate)leaks i tesehagkibe mejdwet i c
sensors such asbém@ﬁtmqﬁen};?lmgeﬁg: gel ine conditions. [0005]

If a pipeline is large énoug | arge concrete pipes to
bring water to cities or |arge sewer pipes) the pipe can be drained
and a human canl088AHuct At iseais@knasn tginspect pipelin@svatht wresyitc

i nspection are j ' o] j 1L.Ng. sensor s nount ed
on a wheel ed ca(?éfr%gy K{ﬁﬁ%mia{e@egnggggﬂy%lflsgﬁé‘%%ﬁ%’HM%Q ?Jp € Patent
6, 781, 369. Sumgipglire, Suhkdr ab iy singw o m EOT[Rlﬁﬂﬁﬂ)ed'Jﬂ@pm_lls&mng/d nvent ihon
provi des a sel f; i sensor., .unt.t. ich.is released into the

pi pel i ne at oné@gﬂ@%@%oﬁoweﬁf%é@? idghé%%t?ﬁm losatipobsysfia ne i s
transporting |isptisdr wkhm thegiseineUahd tHe satRbfisdubiedtie gkl of the
liquid, and is recoverahle at. a downstream i nspection port or other

| ocation wher e TERREEWEHD e pipelins & urhereichisseserunitee obt ai ned. 1t
contains at |e%ﬁﬂﬁica@ﬂﬁﬁ%%ﬁﬂalgﬂéﬁ@sqWicﬁ{ @@%&ﬁ{s i?ﬁo@rfsir%gg' I na,

preferred enbodinent, it contains ree magnetoneters,
or t hogonal N§. \oRQOEEY BBEETE SIROTHOMRQ06I0OTGAAE0 sense pipeline

conditions.

or

[0005] If a pipeline is large enough (for example, large
concrete pipes to bring water to cities or large sewer pipes) the
pipe can be drained and a human can conduct a manual

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 6,781,3609.

Summary of the Invention ' o

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 fravels 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.



-3 [0007] The sensor unit of the invention is smaller in cross-
section than the pi pel i ne, and does not inpede the flow of liquid in

t he pipeli I it travels with such flow Thus, i s not
create si g%lcg@f{(g ack pressure or ggfde the fl ow of |PF5(I1%§&]5{?0?16%
5 pipeline. Further, it can be made snglT enough to be used in

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

I nspection by a human is therefore not possible. [0008] The sensor

unit (which includes the sensors, associated equipnent, and a
battery withi n [R087bt ect iV ssnser uaif of the igveniionus sinaller iperessal | y bal |

shaped. In one V. e of,
for exanple, {é&ﬁﬁﬂgﬁ%{‘ﬁ ﬁ#;el|r%a§§$ﬁ5|9§ (L%F inn?dec{eqﬁggltcyg} [gﬁ@,mﬁt |y

el ongat ed axi s,thgipipeligei Instduel, itdkzapls with sudhadfldw. a'ﬁ'luﬁﬁcﬂolea némerl can or
Canadi an footbal | or

' English’ ft
o cal | ed +el | eRRPgNaeATbank Prestdrd phiiste he TB8 Auidliehs Ange
from spheri gal mgénneam&heemrobémaaa sﬁidulmgﬁ t6p@ARsadhgr e one axis
(herein called or axis" is up to @about 30% | onger than the

ot her two, and D'Pﬂ@%t\’ﬁgéﬁhﬁmto@r%“@h@éﬁ hureayptsy entar, @ngria mévighed
enbodi nment , %géﬁ H&ﬂj&g si bl e inner package,
preferably cyI I ndrica Ptﬁﬁéﬁuﬁ%rﬁ léﬂ]ergfgvé] contains one or nore

sensors, a recording mediumand its power source (for exanple, a
batt er y) ' Thi s [APPB] be calllecgiensheunit §drisiy inghitdssdhe sensomshi s

bai | - shaped undsSoarrL BIRERE' S8 RBLPH GEs Hocdle 8sal \ og.
and the balD urstrtucturggetstmnefraﬂyrb&ll@apedsmronammbomfnmh,et isnvention. -

[0010] In a pref red enbodi sSensor nit is intended to
rol | along the 315’ '8%'1 8?"“191'&%%@ oagx%mg A tegpipdaliigng the wo
2006/ 081671 Pcﬁrﬁﬁ&%hﬂoﬁﬁéﬁone slzghtiy elongated axis, giving it the

shape of a ball as used in American or ‘Canadian football or in
English rugby (which shape will hereihaﬁer be called “ellipsoid”)

156 Preferred forms of the sensor unit range from spherical (all axes
equal) to an ellipsoid shape where one axis (herein called the
“major axis” is up to about 30% longe( than the other two, and
the other two are equal. ' i

[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 battery). This will be called the
“sensor package” in this disclosure. The sensor package is
contained within an outer baii-shaped unit, called herein the “ball

25 . The sensor package and the ball umt 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 rolis along the



-4 ground, with the notive force for: its rolling notion given by the
moving liquid in the pipeline. In order for the sensor unit to stay

at the bo e pipeline, its overall density is greater than
t he densiwgﬁ"%%ﬂ iquid with which the pipelineis ¢ I p20agionitie

[0011] In another 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 surface of the interior of the

pi peline. In many pipelines, there are access ports arranged al ong

t he upper surf a%kél’uﬁfji ViR the ptive forcefierritst rolieg mwtion givers by theenbodi ment
I's used, the se ' I Sy : | | ar.ger
cross-section tﬁ?grngﬁywuﬁsdu@ﬁﬂ\%méeﬁﬁg'r ’“ﬁgéi@rﬁﬁﬁ%eﬁ%é@ﬁ%gwem

| ocati on wher e fhe haitopuof the pipeling, fie bverall diedsibhhis greateathamthehere it

will be renoved | di: ]t ting stuck.. [0Ql12] I n one preferred
form the sensocrie'{ijs(r%\)tytao\f?@gg%’hg&ﬁ@aw?’gﬁ%q ?'Pgi"'éé F&ﬂ?ﬁbs bal | or soccer
ball. If spherical, the diameter of the sensor unit is preferably

|l ess than hd@ f [08d1Himarotber embbtineitpiakiseasomintitiswirb@led Withs

i ntended to be ed. Thi's permts'it to ss, under, objects which

bi sect the pi peé@%%ré'ﬁgeﬁﬁﬁ Lf&ﬁiﬂéﬂ}” ﬁ?éﬁﬁ@ﬂth%@!ﬂ?“ﬁ@s aghién butterfly
val ves. The di aniineledad roiNglongM6e Uppél durflde W thedindstios Qs B | ar ge
enough so that the, sensor unit can roll easily over sma obst acl es,

such as a di scoiPeing-tN many pipelings. these areeceessapartrcamtnges two pi pe
sections join, 8 direcdis : | e it to
continue rolling I?)?nj&v?aér %@%{ven W gﬁaﬁ?ée'p%lpgeéﬁ%ﬁfgygﬂH‘ﬁeﬁﬁHEThe

rol 1i ng actfilon embediment isused, the sentds uaitghbald beosieed sortiad it he 25

Stch as-bot { om Ty PLo8 cBREREILIBE Y RuEh elle it
entrapment by dietweeh dise ideatiomaherdisapiien thepiBaline ahd geer ses the
bottom center qf t.he pipe,. spall outflows into adjoining pipes
(whi ch usual | y 'PeaipD ‘%%edt W@%Feﬁﬂ%‘ﬁegemr%‘{%ﬂ getiing stuck.

[0012] In one'prefé;rred form, the sensor unit is spherical,

15 like a tennis ball or socce:r ball, if spherical, the diameter of the
sensor unit is preferably less than half the diameter of the pipeline
with which it is intended to be used. This permits it fo 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 anguiar momenium 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



30 fromthe bottom) can be traversed without difficulty. In nost WO
2006/ 081671 PCT/ CA2006/ 000146 -5 cases, the dianeter of the sensor

unit shoul er than about 1/10 of the pipeline _di ter in
order that gv(fz%g@ sﬁg‘}cl sufficient anguéar nonent um butpgir‘ﬁ:illgooé}éﬁ%ﬁ%s

sonmewhat on the nature of the obstacles and whether the pipe goes
uphill in the 5 direction of flow [0013] Wth these factors in mnd,
the preferred dianeter of the spherical sensor unit is from about'/
to about 1/3 of the dianmeter of the pipeline in which it into be
used. However, ¢asespthetdiruptar of theeensessipit shpeldiheagreatariban s out si de
this range are ysgg form the
sensor unit is an qf |%@gﬁ%%%qﬂﬂg%gjﬁg&dgg?@tg%@%? y | onger t han
the two ot her mf@:semttangu@trtmanmgh&sn thmtrtms depemMOméwhaﬁoratﬁeorm

simlar to a ru al |f the sensor unit of
this shape is d%t%r? t}gh‘aﬁgﬁtatc&e \gh? e{ W'P‘aQPBSPRhﬁH‘é pel i ne so
that it restss afirdchien bpfibgit om of the pipeline, it tends, when pushed
by liquid flowin the pipeline, toroII al ong the bottomportlon of

the pipeline w or _axis endicular to the centre |line of
t he pi peli ne. B h;}%?? quti%rs ﬁ@ d.ihgprefpered diamelsr af ensor uni t

is less than t %heﬁéﬂ%énﬁopﬁnﬁ @rém%b% ‘/ﬂﬁtdﬂ)%uf“l)%eéﬂtﬁédldnrﬁetéfends to

roll anngthetoE he interior o e pipeline wt maj or
axi s per pendi cuAfd ep@e{ln@m whishrikisitp he usedt Hewplver forpartictiars rrakes it

navi ng & cr ass-AeAies P dlal FRitoh ARRE b bl erd D@6 SNl 1

ellipsoid balls will preferably havethelr maj or 25 axis |less than
hal f of thdOdi dR814kF of dmenpiheebraferred fas, d:hesdmgoram& is o be used,
and preferably di a e plpellne
However, the use o ﬁlifé}fe ﬁ%?qr &{W ﬁwh@@qqgg;’ hchwo OHH

axes at nght angles fo it, so that it has a form similar to a rugby
ball or American fcdtball. If the sensor unit of this shape is dense
enough relative to the liquid in the pipeline so that it rests on the

15 bottom of the pipeline, it tends, when pushed by liquid flow in the
pipeline, to roli alohg the bottom 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, elltpso;d balls wﬂl preferably have their major

25  axis less than half of the dlameter of the p|pelme in which they are
to be used, and preferably between 1/3 and %4 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.



| arger maj or axes may be suitable, depending on the nature of the
pi pel i ne. WD 2006/ 081671 PCT/ CA2006/ 000146 -6 [0016] In the

preferred | , the ball surrounding the sensor package is
forned of w@g‘g%‘;eﬁcomressi bl e foam . such as |ow den§FF§Ag?98/ﬁ0°ééql
or reticul ated pol yurethane foam Reti®ul at ed foam has no cel |
structure but only a matrix formng 5 the foam Reticulated foamis

particularly preferred because it is less likely to retain air when

i mMersed in the[ hi uid flowi ng through he pipeline. A foamdensity
of less than fild 1§bunds Iy ghe Prefyred embedimentuhe disll surioundingdensi t y

of less than OQBGEQHW%QG ‘mﬁtﬂgF%fBﬁ%%gﬁ%g‘gmpg%%ggﬁfom shi el ds the

sensor package from 10 e an ves t aéﬂ'ape to the
unit. It also SticBasdewldensitnopsr cahenratiollatathpayuethdrizefobnsi de wal |

f th i peli | d do. [0017] The
19 oam gf Ito Ith :a 4 |%ie%4%%ﬁﬁ§§%§oc%ﬁ%§gg@53 bﬁgﬁ?'%umﬁtrr?f?fﬁﬂr["me ]senso-r
package forSi ndkee foam. Retculdtbe fgarned paticulally preféPed Bebhidd A%

insertion throygh an access port which is smaller than the sensor
unit when expax‘tgjseﬁﬂﬁeg’ @%Elrmmm@ﬁeéﬂn the ligicbflewing shape. Once
it is wthin theoRyR®k giselineh e fFRMY Qr@cr sor unit
resunes its full s?ze .amnlg?ghape. Theggﬂ pe lﬁiéeﬁ‘%“?fg%&"@ggéi’%ﬁan be
appr oxi mat el y &Piciaet is suitabladbwifa dersityraftass then whagoupefoubles it to

o ol RS S PR oS RERSEL B 7 o
el | i psoi dafl0shapamage artdegivemther deshiet].ball[shap8lo theplinit. ad aiky of balls of
and some. uhi ch Lo sRETIoER WheL lsCAlgre dreieaioR wall oidfer  or s oi zed
to fit a standpipdlinezttanthe s6MENpaRREGREBNe FNMRPHoPACkages having
different types of
[0017] The foam of this embodiment can be compressed tightly
around the sensor package for insertion into the pipeline, thus
16 permitting insertion ;through an access port which is smaller than
the sensor unit when expanded to its full spherical or ellipsoidal
shape. Once itis wjthin the pipeline, the foam decompresses and
the sensor unit resuj_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 pbrt whié_h is smaller than the diameter of the fully
expanded spherical or efiipéoidal 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



sensors (as hereinafter described) can also be provided. The sensor
unit used in any pipeline, therefore, can be nmade to 30 neasure by

choosi ng ay‘gg%)k%@lgﬂsensor package for the job to be WO %&P&ZQ 0146

PCT/ CA2006 -7 done, and matching it with a ball

appropriate size for use in that pipeline to forman optinmal sensor

unit. [0019] In an alternate enbodinent, the ball is fornmed of ribs

whi ch bi as outvvardly to forma baII shape, and which are 5 covered by
a flexible plas fabr c COV¢ stretched into a ball shape by
the ribs. In th 't” L r%ﬂ.qﬁapﬁl‘qpﬁlétqﬁ@%fqm@e indatent er .

i nsi de the bal Iplbyhmsﬁbﬁg ahrtfpﬁ!ﬂh:ﬁ?séni;dmmtd perneable fabric

covering or by entering through suitabl oles in an i nperneable

covering, sot e interior of the ball, except for 10 the part
occupi ed by threlaé@j;or pdB RRplfermate embogiment; thetbvall is formed ofjui d as i s

package | 5 E?e'fre'b??ﬁ'?"” l?@hﬁ S td B LRI o WG 3 Ty of ¢ e
sensor unit°i s GK8 W fflexiblecpjastic orfabtie caesrsig stretéhddhintd A @aild . bei ng
Gonsi ty of 1 he TRBE e rbg, NEORRGIARN 1t ko T o Sbpia o> 1"
density, dependﬂn@mrmbldethmbamdy:@as@ﬁgtﬂrbuglhé IRERBEmEdbie | S Of a
fend to rorl AT eheTing silYissing BiodarRitebls hecs e ons maki ng. up
the pi pel ine. ifpeiméaniatonériy ls@\méttﬁéﬂﬁéﬁdréfhﬁé‘bé{‘eek}eg’f‘f&? and t he

pipeline| fllledvmth liquid, the sensor unit t he upper
portion of T Pheths B%ﬁoge%@!,e@ﬁyth% 867" PRkkage, asifilest witly theheardensi ty of

the sensor uni tiquig®ststhei rﬂgéf m%t;%é!@% Imé%bg&ﬁe&&gpeitthger on

the upper 25 portlon of the pipellne’or
pi pel i ne. 1t | §ea$xrdackage is preferably cylindrical.

[0020] The overall density of the sensor unit is chosen with
regard to the density of the liquid being carried in the pipeline.

16 The chosen density can be either less the density of the liquid in
the pipeline or more than the liquid density, depending on the
intended use. Ifthe 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. Ifit is

20  of a lower density than the quﬁid, and the pipeline is filied with

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

25  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



possi ble to inspect using nore than one sensor unit. In such an
I nspection, one sensor unit can for exanple, be of |esser density

than the | qui s to collect data fromthe upper part, of th I pe
WO 2006/ 08 Jﬁf’gf@,‘?}ﬁ(ﬁixxz006/ 000146 -8 sgctions forning tﬁET&AB%‘iﬁﬁ’ﬂ‘g‘f“’p
and one can be of greater density so as to collect data fromthe

| ower portion of the pipeline. [0022] One way of reaching the desired
density is including weights within the sensor package to reach the

desired overall 5 density, taki ng into account the density of the
bal | with whi céeatiees foranise theaiprlns and ans g be ebigreptriclassity i n nost.

cases, 1t 15 BUELELILEQNANS s IR ocl otE g, densi 1Y can

be varied eas ng on the parti r use desired This can be
acconpl i shed easily when the ball unit is made of foam bly 10 maki ng
a series of bal002@hits oPndiwayarfeaachingtia desirgddangityisioringing he
sensor package,w t hin. ' f -0 ich wll
gi ve an overal el Z\Ess\g}tﬁﬁﬁtpg%%p%r%a@%gﬁ%ﬁ ;Fp%ggst??g%%w#@b\?é;fa}gfso

possi bl e, & t hoergdityl Bsdéngpingd accormt tHeodensitybfitieuball witbalhichuthet and
sensor package of natekials ich give an overalh aver%ge 15 density
| ess than t hat SIS RECKAQRISHOING Y- PPWENBh &Y MASHCRPSH 1dSi de  wi t hi n

the ball or thﬁ[e?&?éd)fo RAK 3 38nSeH Uittt iferdehd BERsityocdt b&10aiidte  sensor .
ball to the desired density. Another |ess preferred %of provi di ng
h

vari abl e densi egsilyglapendingenthepaticuizarse degitediHiie pa its sensor
package forns | et ' 0 density of
Phe I Taui d. - andcRfnaRnedSesiPlyrh s 5 AP R bk of el

substi t ut eth wi tiakingt 2seads of balagdisrof diffesentydadséy, arekby pldcing] 0023] One -

problemthat cgn arise is that.the anount.of flotation . ari ses
fromthe use o easqrﬁgﬁpﬂﬁlfqgecwyﬂagge g R* Weseﬁﬁegggﬁ??@ unE%u@cht he
pi pel i ne becaugfl Gty afidver£iNSarzongnit bf fneeddrdity desirenisetsted by t hat
pressure. To remadg this, the foamball is .
possible, although less preferred, to manufacture a ball unit and
sensor package of materials which give an overall average
15  density less than that of the liquid in the pipeline, and to provide
“within the ball or the sensor package suitable weights to bring the
sensor ball to the desired density. Another less preferred way of
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 fo a vacuum just prior o 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 alf of the air present and allows water to fully saturate the



preferably exposed to a vacuum just prior to insertion into the
pi peline to reducing the air pressure surrounding the ball to |ess

than 0.1 b ferably to |l ess than 0.001 bar. This_r ves 30
virtual ly Q{qﬂlﬁé’ﬂﬂﬁﬁﬁ air present and aplows water to fu%@@?%ﬁml@
t he WO 2006/ 081671 PCT/ CA2006/ 000146 -9 foam particularly if the

foamis reticulated foam It also inproves the acoustic transparency
of the ball, allowi ng better detecti-on of small acoustic signals by

tic sepsor within t s nsor beca se air trapped in
The f oam woul dREBI AT EISREgHS e SRR doamt, LalERgseme o
vacuum can_be thecaytiistis hefspar@nay 6#@1%%"08%1@ T% hlettéF d&elén &P

insertion of the sensor unit into e valve allow ng the
sensor unit toSHal ﬁﬁ@@tt(‘eﬂgﬂ@fﬁ(ﬁ’Ytﬂﬁ’eacoﬁﬁg%s‘é@WﬂﬂﬂfémB’@&ﬁf@ﬁéd sl owy

to allow wat er i@l 'S B Hhed R i 18Y LYot A ffhyodk! s 2l so

offers an o portunlty to steril e ucrng a
steril ant it oseme %aneﬂa:Wam%rExpSsmtbwaauﬂmrcamfbe aecdrmaplishedn be a

[ t ant th i n,.t he ne | ri nki ng
ot s hHEERLEE Bkl b 1ot bEG Tt r BBk BE Tl Cont i ne
at |east one siegipehetalivaaloningehesdnssramitdobrandsrtett i heof .

revol uti ons of the seﬂéggsumt as. it rolls along either the bottom

or the top of PRE AL foReRed Sigydy tallquepater’ Of”é%PD@mbﬂi" is
meant the di stﬁfeeeubryaé«fécheiéobyrhméb Bfiérsia é&;laifdrfLﬁ’l‘rt & S& the

spherical unit.rolls al ong | pe, or the stance trave ed by
the el |ipsd dahehalibyinta H@lﬂﬂ@lsferfleﬂﬂflﬂiocﬂ'!ermme cwrnbat there is a

d
rocordi ng revol 11NN BER0RE By My el beyEeahon FiRE . “"For

exanpl e, an aclepiicirotimet ppeline ib dsleh:sgvmnh revolution as a repeat
pattern of acceleration-Alternately, a magnetoneter will sense the

magnetic c ha“%ﬁzﬁf Its 'ﬁ‘?&ggﬂso?%%&?aagcehaecsco%}ﬁg to the invention

contains at least one sensor which can sense and record the

15 number of revolutions of the sensor unit as it rolls along either the
bottom or the top of the inside of the pipeline (By a “revolution” is
meant the distance travelled by when one full circumference of
the sphericat unit rolls along the pipe, or the distance travelled by
the ellipsoidal unit when it rolls sufficiently so that there is a fuli

20 360 degrees of rotation about the major axis. Sensing and
recording revolutions can be done by any suitable instrument..
FFor 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, aithough 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



25 retreats fromthe pipe wall during each revol ution. Wen the
sensor unit is ellipsoidal, a single instrunent of this sort gives

good resu!%zog)?léﬁgﬂgh care should be taken so that it }Pg;r%’éi)%&gk&q%

to sense in a ection other than exac,{dy along the ma

When the sensor unit is spherical, a single nagnetoneter or 30

accel eroneter may undercount revolutions slightly, as the axis of WO
2006/ 081671 PCT/ CA2006/ 000146 -10 revolution of the sphere m ght

fortuitously be ali gned with the axis al on&mhi ch the instrunent
does not sense 'E¥PIUERR Pf theesnhesr might foduitqushy g alignest with treaxis o have

at |east two a%&hﬁmmtﬁéfrn&@n@%&hﬁ%@ﬁ& R SR8k PRribgs SERSe 1 N

di fferent angul ar directions have an angul ar’ separation
of other than lBerefergrgeterradriotiavedit feast twmactmieronttgrssemse) , and to

resol ve the.ve LI OUE nut n nso utputs are

anal yzed. It i grh% Q@{)@&@ﬁOy%ﬂ%dﬁ@gfep%%ﬁ 8*%%?3%{'91"{5‘5%?@ oneters
or three acéel ieoymhiehhavemnanrgetbhracbhcgional lotherahgn 80 dedrdes

revol utions by .resolvi % tBe 0 vectqr of, their individual outputs
when t he sensor'”g'ﬂﬁ B\E‘Fé} friBat Ry SensRy . anddp Faselye thiuvestar 9fdhairi s done

by conputer af tRipitvherARsFensdi duthas HER . pi pel i ne
and the data has pbeen downl ogded L’EE a corrpﬁ?gggwi% %drlﬁgﬂr]lée nt of

three ort hogorfieferggiet@vetiaies magnsiomatars octvadiasnelpeaneiers 5
licati 2, T i
SR6T 1 on cont aarrended HhobBHa andsd BB T8GBERRby RASKARFIEED ' B,

NSOrs for exam ni
exanpl e, i fl0oneectariodtheirintividuat ostpoovheatieasmsopbuputs agn acousti c

sensor, 20 such as._a .hydr.o e, or a.pressure sensitiye sensor, such
as a piezoel ec¥ VEGHe*v‘}’%%[}gtﬂe@ﬁé'ﬁlsatz?@a&?i Y GOl réﬁ%ensor. '
[0026] For par tsesbatnisBaS begh Fefithddei@ntiie pRRYn@bRathe GHid Y e type
of sensor can he used to et the particul ar
een downloaded to a computer. An arrangement of three
orthogonal magnetometers is shown in Canadian patent

15  application 2,273,979 of Pauison.

_[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 itis desired fo get a temperature profile of liquid
temperature along the length of a pipel‘ine. Chemical detectors
can be used where it is desired to find the location where a

chemical contaminant is entering a pipeline.



requi renent. For exanple, tenperature sensors can be used 25 where it
Is desired to get a tenperature profile of liquid terrperature al ong

the I ength .peline. Chem cal detectors can be used wh It
desired to“ﬁ%?ﬁﬁfﬁhgﬁl ocati on where a Cﬁl:_yem cal contam ngﬁquAgoec;/ooeuG

entering a pipeline. WD 2006/ 081671 PCT/ CA2006/ 000146 .-11 [0027]
The sensor package al so contains neans for preserving the readings
of the sensors. Generally, this will be a recording device,

preferably a digital rrem)ry The preferred storage nmediumis a
renovabl e menoldP2ddvi ce EiR#ERSOr PRCKISE FSREANIGHITTCRD9IY] The sensor

package al 0 cgiahii H bRV soriRb defEFans g vilBel, pover to

t hose sensors ure It “and the recordi'ng device. Most
conveni ent |y, tevosding davicengrefdrably ehdigitalmpemanndhierselearegeabl e

per for mance. anbiotgheiph |4 PaTpic g el SRH S LR { ory o

ot her power5 suRphycavdt h delivers a suitable voltage to power the
sensors and the recording device, and which can store enough ener gy

to power these t he nt ended %lod of F Ln one
enbodi ment, th sor p f&?(ﬁ%‘ésqré’%ﬁ a‘ﬁatcﬁn a&?‘?dSLf' et'JIB Wt s

recover ed whenghhdy pei@Hod0pplyl p%vre@&d tfsetengbrsathdpmasire 6dAdP0I Nt ,
and is then anal%zed by a suitable nput er I[5,8030] Anorral i es found

by any of the ¥ ?dﬁ@OFQQQ:@\e\&%e M(Ps‘é&f?n"%e'ﬁ% s Kyaig-eoust i ¢
sensor, or Corﬁé‘tt?%@”Aer)'ﬁ’\%cRé( g%?élﬁwgﬁrb%erﬁWFﬁwgﬁQfé%ﬁe their

Iocatlons al ong pi pel i ne otin nunmber of
revol uti oK) of on liee besis of costi pesibimznceand size, (it dds phgsiblette anomal y -
was sensed. Beg %H? %tﬁe@%attery or other power supply with delivers a

suitable voltage to power the sensors and the recording device,

and which can store enough energy to power these for the

intended period of use.

15 [0029] In one embodiment, the sensor package records
data, and the data is recovered when the sensor unit is refrieved
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.



circunference of the ball is known, the rate and di stance of travel
25 are al so known by counting the revolutions and nultiplying the
revol ution ﬁmégﬁ,ﬁircunference of the ball. Magnetoneters are
preferred ove &'erometers, as the iggnetoneters al s&TEPY/000146
passage over pipe joints and passage ne&r other features of the

pi pel i ne, such as side passages, which help to verify the | ocation.
WO 2006/ 081671 PCT/ CA2006/ 000146 -12 [0031] O her means may al so be
used to verify the locations. If the speed of |iquid flow along the

pi peline is knBW$1] Ltheomeans may aAsppepisagitp yedydhe ratieasrits or
stationary flo %ggéar LN ' j ; ' Vel y constant,
the |l ocation aﬁ‘se; | at e‘g I@Uﬁqﬂ??ﬁgagﬁa gﬁfglﬁ%} E@"Fﬁgﬁfgycan be

esti mat ed fromexdraplsl kppwdpingistetidretesersts arsdalianasy flow sepagrdrinuni t was
rel eased into fhe. pinali ' t |1, Qi d the tine
of the acqui sfrﬁ %nge tqqgeiag@gﬂge%fﬁzéﬁsﬁ%%&ee IP#: %rga%éé)t%gtl recor ded
as a real &imgithekedaianigeingeolidciek cars beestsméad/froml thoelapsed cl ock

trace can 10 be provided with the data cqllected if desired. If data
is conpressedt "’ietb‘?t@’eEng%V‘?’%ﬂ?éeﬁ%ﬂfé"%\tW% eﬁﬁegdﬁtortbﬁor ded with

the data. [0038!?e|fﬁe?6‘ﬁiok}§[¥\gﬁ7ﬂi%gihmowgﬁ@ﬁ%t‘irﬁefm'ﬂ{@r5 are placed

at known | ocations along t ine and a sensor 15 package which
records acoust Requfaitianios thesdata of frderest dt erdptais respigiedi as 4 reh t hese

mar kers by theg ' r. pl I ' ' r
package gives g%%g’gg&;}omq?@gﬁkgﬁ&gfn %t% %geéé%g’pazg%ﬁgb alvﬂ?%:lﬂﬁ?ieg&agl | is
travel I i ngi® n beerpviged with theddta twlepteidrii desiredt Heladaisa r ecor di ng at
whi ch the sensor passe ,?ach geBE%ﬁ{ 20 The *ﬁ_cation frcgmﬁlni ch the
data of intereSP segh HETRIEEPTEN haYs R B12ck HRee FeiosiedWiE: ween
known | ocati onfhesgigid, as the |ocation where the ball was placed in
the pipeline, the |ocations of

[0032] In another embodiment, acoustic markers are
placed at known locations along the pipeline and a sensor

15  package which records acoustic data is used. The recording of
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



the markers, and the | ocation where the ball was renoved from the
pi peline. Preferably, each acoustic marker has a different 25 signal,

so that i t“josﬁoﬁ(%ﬁﬁ.}lo di stinguish the signals of the na&ﬁg.@zod‘gzog@m

one anot her. € points in the recordhié_the acoustic s

whi ch the sensor passes the |ocation kers can be noted, and the
particular | ocation at which an anomal ous signal has been received
can be determ ned by noting the |ocation marker 30 past nost recently
bef ore the anomal ous signal, and_the next WO 2006/ Q81671

PCT/ CA2006/ 000¢ation wrgﬂd@ssaﬁ aigr fher sigaalsaed Rraraling 18 si gnal, and

prorating the Fﬁ@tﬂ%do%%g@@k?ﬁéﬂenhﬁne%é%d&ie -,Wssémﬁ'hbitﬁét;théy

assum ng t hat spee e sensor unit between thé two [ocation
markers is cospberhof thEseneor fiyit httueiearthe heo inedian wearkels idas not

constant, 5 referenc an t ' i accordi ng
to the number °PFS F‘Bﬁof%f’?’gﬁy%égftsﬁg%g@%‘%%‘?&d@qéﬁﬁt'ni ng the
| ocati on ofgt hesfefite®ani be inade o fied distance tayeledacardiggtibéhesensor
unit with a magnetic sensQr, preferably sensitive on nore than one
axis, and 10 r BEHBWE HgeYPEI%ynal from such magnetic sensor. In netal
pi pel i nes, the pipeline sections are joined by welds, which will

provide a magnegagz)anomehyofer WaycTdeRemitihg thdlochtien obipeeti ¢ sensor
when the sensor uni't passes over a welded joint. In c¢oncrete

pi pel i nes, thesenser ia thr pipelnglisshi Boviding hisgansat uat WR@ 15 end of
each section, : ' ﬁnge : A onePX8s |ames for. a
short distance o n%ﬁigts%gééﬂp%%&%tb e sr%litg%t .m%{é;?en)%noncréte pi pes
are rei nf of@ed régordingghessigmai frgmviuchimagiasic sepser.dn @etéhe joints wil |-

e L Sur” L bhihaRs g Sl ARk Riona BTy ReR Y pe: =nd
joints, and whiggdvitk blmagraicrirnale whichegareibé aoted by the magnetic

sensor when the sensor unit passes over a welded joint. In
concrete pipelines, there is a bell and spigot arrangement at the

15  end of each section, where a portion of one pipe (the bell)
overlaps for a short distance on another pipe (the spigot}. Since
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 beil 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 2
leak to be identified to within one pipe length. By assuming

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



anomaly. Thus, a person plotting the |ocation of an acoustic anonaly
can consult the records of the pipeline construction, to find out

where the %%h%%sg{;,ﬁ and correl ate the nunber of joint %FTE?%@SG@@(E%%/

t he magnetic I'es that are exhibi t1e | when a 25 j oi

agai nst any other anonmaly 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 wwth the results
fromthe magnetic sensor permts the location of a |eak to be
identified to vipken to bacerpe tatipiprlehgtnepnd diedrihe peddocation with speed

al ong that pip , an pro-rate the time WO 2006/ 081671
PCT/ WOOGlOOO?ﬁéﬁB% atcgg%r?gt o traverse that pipe length, and find

the leak location with very great accuracy. [0034] A nagnetic sensor
can al so acqui r[6034her udemaignetinéensoncanmlsd acquireatberusefgi pe, for

le, if the i ' he pipe have. . |
corroded or danaipuaton P8 cherelpib® B EEARRIS IR RaES YiePaheocar i on
which is not a theipijie hias beamnsalapslyicoroded br damagkd, tivedrled et al

pipeline, if the weld has ,begun to fail, . the magnetic_ signature can
be different frdffiERMagngliaaiewalyratadrarliogviichds Botaiolt. Thus, the

magneti c Sensorbemeéﬁ'bip\ﬁéiﬁ?se&ﬁaﬁsdqn éidbd infdtar BLHRD ik Weld e

state of the pipe, as T'"as providing a Iocation function for any
acoust i ¢ anonalhasshegynoiodal, the magnetiv siginatne can dedlifferent&adhepackage

contains a mag | e ef tei p s having
Gi st nct i ve o o uRE s R Tre 3HRS| BelraRIBARINE 15 (he
pi pel i ne. TBesean dlso pemdidaluseful informatiore bboufrthe atate of thepipd, s nmade -

th ' their | ti 0036] | Jcularl
o ef orr od enbod LT PR SdpEton T w gt ey seeilearBMaifanged”

orthogonal ly. Thus, where.an :
[0035] In an embodiment where the sensor package

contains a magnetic sensor, magnetic or electric transponders
having distinctive signals can be located at known locations along

15  the pipeline. These will record in the magnetic recording which is
made as the sensor unit passes their’ locations

[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 s 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.



unanti ci pated magnetic anomaly occurs, for exanple, one which 20 is
not a normal magnetic anomaly encountered at a pipe joint, the three

or t hogonal mp&é*gnsensors will record the magnetic i’irl;gri}ié:lr%%ﬁiﬁ@()qléﬁ

differently, e orientation of the i#ree or t hogona

known (as, for exanple, by locating themTelative to the down
direction as shown in CP. A 2,273,979 of Paulson), 25 then the

| ocati on around the circunference of the pipeline from which the
magneti c anomaly is being recorded can be determ ned. This assists

in locating thd08htinal y Miherettbeppuanessverahpossibleqepilenays fospeet i on of
anot her nature, : e t video canera. WO

2006/ 081671 PCFF@%%%‘S@’S@%E’%‘ cﬂgé‘mw&%\ﬁgy é‘sefef?g‘l‘/%@é’rp&”%er al
possi bl e pat hwaysl dlosing velves emsivectithé flowtdidigpiatih seanabﬁay?i@imm ?t ed
by sel ectively . opepin and closing valves to direct the ow 0
liquidin suchtﬁlp%\ﬁf %%"SPBU”@{E@W VEIRTE SRERTIPN iRPGSidhes wher e

I nspection is needed. 5 [0038] ‘I n another enbodi nent, the sensor unit

or the ball 5 c40038Int ai n laanateyshibodiniesthetdepbofinit bReNder
signals from which can be picked up by receivers or other

transponders atc@niGoNEHD fnacoustic trapgmiiepar rarsposden signads fremspect i on
ports). This 0 f (ﬂ@deu e progress
of the 10 sensg\?ﬁﬁﬂnﬁﬁ B.e These ?%E@Sﬁ%&%@%@%r&?%&%ﬁ%%ﬂs hi gher

than the audi intervalhalongghe bipelibe ysichepatiospestiabpedsROThBEZ. because

hi gher frequengj.es;: Ver, o] distances.in a pipe.
The use of tra?ggﬁﬁégﬂgﬁog%%%%%&eéﬁt'#t?l'(@?ﬁ}?aﬂmgﬂeess Cf%lﬂé‘auency or
as a sweep10f fseasmentt.eThesetranspantpes emit fadduencies higherhanmat e of

the proximty %

| ower frequenci 'fé 5&5@?%%%@5%@%6?@%&%3%bg% &ﬁt}?%#.gegggggs_?htehe
ratios between Higrerargguehties téid idsrophgdtahvendiong distances in a
pipe. The use of transponders -transmitting at more than one
frequency or as a sweep of freduencies over a range can allow an
15  estimate of the proxim'ity of the sensor unit to a surface detector,
because the lower frequencies would attenuate more rapidly with
distance. The ratios between fhe 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



different frequencies can therefore provide an indication of
proximty and therefore, over tine, the direction of notion whether

20 toward omthe detector. Apreferred range for s

swept pul Sg@;@ﬂ‘% Sl%)et ween 1 KHz. and 200 Krz [ 0039] [663/6:]“29!%@00146
sensor unit is preferably inserted into & pi peline in coll apsed
form If the ball is foam it is conpressed 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 |nS|dE§|‘ﬂ (%G@érdiar@eteramsmctmporte@napluessdecune pipeline,

applications i tthe?oé]ﬁ%@%ﬁﬁ t eﬂ’?)éﬁgt%cie%l&%e%%}%mg%%rcu%q be

conpressed so it can be
PCT/ CA2006/ 000 1st6that the semsbr (lﬂlii) hask Idi@rraeﬁtahmmﬁéle@lﬂowor t. Once

i nside the pip t he f.oam ex i nt ended di amet er
of the sensor ﬁjﬂ%@ﬁgi tEasIqr{or {Rﬁ % 58\1'% ngs| arger resistarnce
to water flow, nmeking it easier for the water to push it up

inclines. 550041] To permt collapse of the foam the foamball my

have cores rerrqjoed'l}o f ormy aradil cdllkab@élbﬁﬂ'te%aﬁlofﬁecﬁhrrﬂ%lﬁ%a nit,
for exanple of to 4 centineters in dianmeter each 'S re uces the

amount of f oam'}Wthoﬁ%‘e@n?‘@%@ feamsmalisdrgulap gt C@Elmﬂl hotes jpribser ves
the full di t
e fu | ametfgy eﬁmﬁ!@%ﬁ%ﬁf&edﬁ?ﬁ%ers[ R%eﬂe ﬁ‘ﬁ% ec{uz:ggpl oel i ne

enbodi nent whi ch has expanda
by an act uat or th@amougt phisam ﬁ?aégsaﬂ@tabeaq}mprme&pbutmu actuator to

expand theqpi b?r@@er&@&ﬁwe{ﬁﬁ&ﬂ&ﬂeﬂeﬁ%ﬁ nggnrslgc' shape. 15 [0043] For

full |nspect|o esire 'several sensor units
within a short sace of time. One, for
0042] If the ball is an embodiment which has expandable

nbs, it is pushed into the pipeline by an actuator, and further
pressure is applied to the actuator to expand the ribs so they
spring into a spherical shape.

15 [0043] For full inspection, 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 distanee 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



exanpl e, can have a density such that it will roll along the bottom
of the pipeline. A second, can, for exanple, be of |esser density
than the p othat it will roll along the top in e of

20 pi peli nW@OQ@}gﬁr unit of |esser de93| ty-than the Ii %J?"-iﬁ“?%’“{’%éﬁ
pi pel i ne should not be used if there are any manhol es or ot her

access ports into which it mght rise and be entrapped before it
travel s the distance intended for inspection or downwar d

proj ections fron1th roof of the eI|ne g s a_ val ve 25
structure) whi BfOYY 'Cﬁ{%'!”‘rpoﬂ%?fsl% @fﬁ 2] §§a thestaser _
occasion on whhehr R atiRatafpeSion Bl ins 1620 Absecda@%ﬁsarmﬂﬁfs a first
sensor unit has detected a the position of the |eak has

been pl otted by'!eﬂf@!aﬁﬁﬁﬁe&md)fherboaﬁqn thth leakarslie [apatiom ofibe sensor

unit had traveld adoo et LGRS OR008 AME L. RATIGARO0GL 000146

-17 acoustic trang%oy%ers or brators can be p 'surface
near the esii nﬁhesclalhwsuhe«mrrqdansbleofﬁmldeaié\peetlormdnthdheqmsﬁnni S

t hen rel eased, d the | ocation,of nd, the | ocati on of the
enspondor s opf D iisr S2REnOeTS o7 b HEHPEN TP UG R GoPiTafk oG, &

This all ows thesmﬁamfbﬁ@ak%smbﬁsIlﬁ@ﬂﬁs@a%tth@rmswoﬂbw% QERdyt | ONns

of the surface transponders or vibrators, | ow n'% very accurate

estimtion of ﬁ‘é%ltk‘f"tﬁd’ﬁ?rﬁt%ﬁés prefﬁ‘f"@%b@%‘é@éhe gigaa @WEHQSWW requency

acoustic vibra i gnal s can penetrate
t hrough t he gr]tbktﬁ}é\gg '%Lﬁ ﬂe ;?r?@bago [ 0045] After the

desired inspection dlstance has been traversed, neans are provided
for retri el nglQU4d&]sensohftesithe. delSﬁéd!nS@eﬁmredle‘rﬂmauheerheenan

i nspecti on pofgaﬁrﬁw%sgn@gré Bﬁv&%ﬁw reth@uﬁg@'%? %Bpﬁﬁlt lhig VENti NG,

pi peline |iqui press an a nDspher c) to
t he at nospher esiniie embadimaemis an hnsphﬁtimpenns operied a@s theesdnisgui d
escaping from tR;?aBp%achQseltapenn plpeﬁme liquid (which is at a higher

pressure than atmogpheric) fo the atmosphere. This entrains the

15 sensor unit in the liquid escaping from the pipeline and ejects it.

[0046] . More preferably, however, a ball catching apparatus
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. Initiaily, 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 Dball 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



[ 0046] More preferably, however, a ball catching apparatus is

di sposed. A preferred ball catching apparatus for a foamball sensor
unit is a Qi Lch is inserted into the pipeline thr a | v
or inspectﬁgﬁﬁggﬁggﬁThe i nserted pipe_ﬁg_equipped W th ggﬂgﬁﬂ%ﬁ%&ﬁﬁfh
deploys to direct the sensor unit toward a hole in the inserted
pipe. Initially, the pressure in the inserted pipe is the sanme as
that in the, pipeline. Wen the ball is adjacent the hole, the
pressure in the inserted_pipe is reduced, for exanple b exposi ng
the other end BiPetinésmyithdrawndiors thepigelingnsofiars! .{hﬁh tagsithal | s
sucked into thgoggle by the difference in pressure between the
pressure in the pipeline and the | ower pressure inside the inserted
pi pe. The foam conpresses to pass through the hole into the pipe, so
that the ball ueez efnetiebemhodinet gh aseaseiondt capingasses

[09
t horough the i J : 0 f [aT=Y 1) *b%qv\@a /081671
PCT/ CX%OOG/ 006?%@%’%%%“@!% ean %"EE’BM?QF‘PO%H e p?%g i ne,
col | apsi ng & hesersoramiti havirgoe fabfi®CWEr add supportisghitbdiisametof a sensor
unit catchin devi able ei.ther with a sen i ' a
f oam bal | Ior gaiomge\{"géﬁgrgﬂaﬁﬁirpam? HE;"%‘%88?%‘%83?2‘5““;{%5?5% ér1tg i ng
ribs is a net bpysieed thivughah leasiasdipbithepipelingewhikepemgitiing bl ock the

berm tting | liid e papauss hRsenRer uhedinonm o HetURBRIORS e 1ol 1 ng
al ong the bot f i b i g i quid) or
rolling 10 al o%gmt) eOfEt@%p?ﬁnﬁgﬂ@ioé%la?ﬁ%?iagqﬁigg&’ggﬂrs_?"m?an t he
liquid), it0i salongtheltyp ohihg pigalinedilgssdensedban it fauideiti®t t om (or

top, as the ¢ i I LolyS, t hen
retained by t hgggﬂ@nIﬁﬁécéggﬁgoéonﬁ%@fﬁglggﬁ?Réﬁ&ﬁgBF etr %Eﬁ% by

mani pul ati ng t base fely e withveb met.tThe seeeounitis thentréiaimedeippthieng t he
net through t hget. The sensor unit can then be retrieved by manipulating the
net to envelop the sensor unit, then removing the net through the

15 manhole.

[0048] Once the sensor unit is retrieved, the recordings
made by the sensors are read Acoustic, magnetic, temperature
and/ot 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,



15 manhol e. [0048] Once the sensor unit is retrieved, the recordings
made by the sensors are read Acoustic, magnetic, tenperature and/or

chem cal a i re noted (depending on what sensor e
present) 'W@@@%@ct to their locati g@ al ong the 20 piﬁﬁ‘f({%gqﬁmﬁums

Furt her examination, using another typé”of sensor can then be
carried out at those |locations, or the exterior of the pipeline at
those | ocations can be accessed for necessary repair work. Brief
Description of the Drawings 25 [0049] The invention wl | be

descri bed furti0®51hi t h riiggec? shews enerianbol Fgdre 1.dnwhiehthe 0050]
Figure 1 shows r e of detector unit according to the
i nventi on, \Ahii:o%ﬂﬁgg{eggg%h%ﬁqéc%' foam exterior. W 2006/ 0816%1

PCT/ CA2006/ 000146 -19 [0051] Figure 2 shows a variant of Figure 1,
in which the [08&2]ext erFigura 3 sbows psssiquent®obstepsieuneerforRbws a

sequence of stegps for | i : f%m oMer unit into a
pi pel i ne, the %?%%rplcﬁge%?%%s@pgﬁg%gﬁy crggéﬁ%eﬁg?lgﬁqg%’g%%] Fi gure
4 shows a faurt Sisswe ihodissmattiof. t he sensor unit, having ribs and a
fabric exterior, in collapsed form [0054] Figure 5 shows the sensor

unit of Figure Ln expande orm 005h] ..Fi gur 6 6b show
the insertion Bﬁ’q?’hue eng'(%'ﬁrgr#‘o?f? aﬁghéree%gg)%'%e% oﬁﬁ-ﬁe%rﬁgg [ 0056]
Fi gulr e 7 showsypRgfadfR) Abs and afabric extelioiroagliabbed fdrai.t om of a :
pi pel i ne.

[0054] Figure 5 shows the sensor unit of Figure 4, in

expanded form.

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



[ 0057] Figure 8A and Figure 8B show a cross-section of 15 the
pi peline of Figure 7, showi ng how the sensor unit (a spherical

sensor unij_in Fi e 8A and an ellipsoidal sensor unit in Figure
8B) nove aﬁ'&%oﬁlbﬁggj{}ottom of the pipeline. [0058] Fi gur@cycs“ﬁ@ﬁ)@(’(fl%
sensor units of two different densitied i sposed in a pipeline. 20
[ 0059] Figure 10 shows one nethod of renmoving a sensor wunit froma

pi peline, by inserting a net. [0060] Figure 11 shows a preferred

met hod of renoving a sensor unit froma pipeline which is
pressurized, by0061hg an Figureel2 shtbwseiheastual friape re@FdsDb2 06/ 081671

PCT/ CA2006/ 000 -20 Lgure 12 shows _the actual trace
recorded by a ]rﬁng Tﬁ%fﬁ%ﬁlﬂ%@ﬁ%bp@l&%t%eﬁﬂ% ??ﬁgée HRIROT 40t he sensor
unit revol ves rebolves nillé irsiing blong thépipelingl i ne. [0062] The draw ngs
are schematic and not to scale. 5 Detailed Description of the

| nvention [ 006 jgur e il|lustrates one preferred enbodi nent of the
sensor unit acihpg#ﬂg to Jﬁedfﬁwv@ﬁﬁfeﬁfi'q%'ﬂgﬁﬁaﬂﬂn g’?"(ﬁ%ﬁ?e-di sassenbl ed
form The partially disassenbl ed sensor unit 10 (sensor package plus

bal I unit) bs DetafledDegcriptivn 6BiHelin@snthéh A sensor package 100 is
made of some rigid material, such as a rigid plastic. The sensor
package can al so be of netal or other material, if the sensors to be

di sposed wi t hi qodsapr e S%rléhﬁnuéfraté@f;ﬁéé p%f%%%%%nﬁ?ﬂlrﬁeﬁ%ﬂ%fem

their sensitivity to external 15 stinull e enbodi nent
shown, the sen$&nspadhaecoidisg to Hte nentichehbwniopadlyd 104. Hal f

shel | 104 has ;ddRePfed ¥t The partially disassembled sensor unit

10 (sensor package plus ball unit) is shown diagrammatically as 50.
A sensor package 100 is made of some rigid material, such as a
rigid plastic. The sensor package can also be of metal or other
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,



fits under half shell 102 and is held in position by screws 108.
Qovi ously, other neans for closing the sensor package and 20

retaining | I can be used. [0065] Wthin the sensor_package is
acircuit %‘;&aﬁa&%ﬁgﬁ This is provided with suitable ci FEE&%ZW%B{W
connect the sensors, power source, retording device, clock and any
ot her conponents of the sensor package. Cbviously, separate
connections could be 25 used rather than a circuit board, but this is
cunbersone and not preferred. [0066] Mounted on circuit board are
one or nore send§rscanshewn asonelimsensor] gnear At maghetbhtetarsd 118. For

acoust 1 sensor AR OHEVE RESHAEHLE e ding, O EnedTRo

press ;JI’ e fensi n@W@hg:és\iicm.tlﬁrgagﬁete]Erwt@'s C?rfpmsfnngt i?ﬁjtéféﬁ@d ihf

magnet onet er s sent, it i referr 0 ve three

magnet onet er s g‘ﬁﬁ%gﬁbge(? @PPH‘B*&H?%?'%P?P&* @J‘Wﬁy to gnganathes

i ndi cated s&herfis sinticated ﬁr@mﬁicéllmiﬁu@eﬂﬁ@bfe éér%ﬂ%“ri and 116
er ensor IS’ an

are magnet onet e{;@ﬁ%} hﬁaonal t o one ‘anot :

acoustic or pre $th 3ty magpetometass esthegorakiosytecanmtber. hy dr ophone,
or piezoelectri i [ | OHSt | nsing portion
11 8a in acoust??:ﬁs?g?]?g(’:sf é\?\ﬁ%?ﬁ%ﬁ%tﬁ&pé@%r{atsgpgérétbz&x%ﬁiiage 100, to
get good passadgicsiphepeusthydroptiogeabspichvelecitic sbrsavabBensgropB7] Al so

nount ed on t he \gj. QUi rd i.s a recordin devi.ce 120,, which
records to a r e%d%@”%%&}s’ﬁ% portigh; '{@EI &' aco[Uﬁéc FRBGFHVY thesvi ce i s
a sinple dilgi t atalrefeender paciaigen ooecregme@oaaoa{s@age epR¥SIdie to digital
i f necessary) the aise{ﬁor o%gut f: and records themto the nenory. The
preferred nemory@] ough hezlk ar d. :

[0067] Also mounted on the circuit board is a recording

device 120., which records to a removable memory 122. Suitably,

the recording device is a simple digital recorder, which receives

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



[0068] Optionally also a clock 124, which records a clock trace on
the menory 122, is also nounted on circuit board. 20 [0069] The

circuit bow&zogaélg)i;lg,}]so has nmounted on it power source i’%&ﬁ%gﬁ%ﬂﬂ“l%

Conveni ent Iy, S Can be a non-rechar ble battery,
l'ithiumbattery. However, rechargeabl € “patteries or any any other

sel f-contai ned energy source of a suitable size can be used. 25
[0070] A foamball unit 150 is provided. It is shown disassenbled in
Figure 1. It is de preferably of conpressible foam for exanple

soft pol yur et ha¥eripghRiecasat 83 angvi e whichcarples jpinest teere f oam i s

IF:)’EJ('IE'; gA\rZSgé/ :)E)Olleéﬁlﬁg)%é}leﬁ sp @ﬁ%g@dgﬂ%%g%oﬁ@gqgﬁﬁ}%%%%ﬁ% can be

j oi ned tolgge %fﬁﬁghé58wvewglﬁgge@hbadsg1ﬁ(ﬂ aghiblgggin@gﬁlﬁﬁgﬁii n o
recesses : \Y nl ar ge: iC it in

enl arged ends %n@? (ﬁ:\@e ?%C%g%%io [%H'ngiﬁﬁp%ﬁé‘?sf1§;ﬁ%‘? éI§.4152 and 154
5 together Bn uegethBr moes. IBdcend5d Bdd NaudavchohdiRwW ReHibhoRE4 164  and
166 respective%y ' e_enough for sensor unit 100 to

it
fit wthin whe %mﬂéﬁgﬁeégé&‘)?g;%{qgr s jas0a oergih & Sepsor @hin.f oam
bal I unit 150. {00eoHitasRMh when Hitpideds h@ﬂ%n&qiﬁg'e{?g af%é}ﬁH%la ghem

circular or conical holes 160, whose purpose educeé the
amount of f oamfolm &am&sll upit &0 Jherriecas?ithand 154 bavabbissing

conpressed to s ' i ne.. . Pref erabl one .of the holes

is also | ocat ezﬁ%@ﬁgﬁ %'Ebéﬁ %&rﬁoﬁﬁéam&?ﬁésﬁaﬂmﬁ? %U@gﬁg(ﬁ [opac kage

100 wher e aBouseducestirsmourtdd fomm hivat leak tsbdosmprexes eghdpy foam to
15 al so, the haoles are

ensure a good acoustic signal. preferably, S
spaced fairly zk'/%HP ISO%P&FH@_B%E} E%Bé'c_ﬁfi In the pipeline Erefetalivg 354, so
as not to inpeded dffiee holek as hisy toded b6 Bkt thé pbARNTIAMR &Af opot to
unbal ance the weight of the entire uni.t,

sensor package 100 where acoustic sensor 118a is located is not

covered by foam, to ensure a good acoustic signal. preferably,

15 also, the holes are spaced fairly evenly over the surface of the
pieces 252 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



[0071] Figure 2 shows a variant of figure 1. The sensor unit 100 is
the sane as that of figure 1. However the foamball unit 20 (nunbered

150A and s Ied Is ellipsoidal (shaped |ike

North Anmerican Goo? al ball.) [0072]y5%gure 3 shoms_t%g&kﬁgép@ﬁgﬂi

of a sensor unit 50 (after bei ng ful |l y*aSsenbl ed by joining together
pieces 152 and 154) into a pipeline 200 filled with liquid 206 (for
exanple water) 25 flowng in direction 208. There is an access port

202 (al so known as_an |nspect|on port) in the top of the pipeline.
This i s normal | §0078] & Ee p of thepoeessmanh2Q isehasrewdhteads23204. | n

15 1 o0 L1 b D OB BT R 2
I[ nitially not hi{sgows imitialiy incpasitionits) ﬂbii:bmﬂghfmethdﬁlté\ lstwwm?? uni E )
initi t he e S en
oo £ RS AL 50 Ll U0 H 3 B8 b, S "
screwed in @ esswewed irgptesbasiii f lém@ntﬁﬁﬂﬁé'a@%Z 'ﬂm@c&\%\fer has a

pressure tight r(szl and 235 throu passes, a rod 220, termnating

in a pusher 227108 Peassuee ighty @2%5 HKW@ whichenagses ptrod 2260 has a
smal | bore 236 tbﬁni{’@hﬁ@lrﬁa%%ﬁé’tbiﬁ Wr{l‘?&%ﬁﬁ !}lﬁé}iéﬁrﬁto?'?ﬁ&al i 1ine

237 can be connected to the valve sensor uni't i s shown
in four sequentdle® hapasimalbpere %@dpwiﬂ@ astitalle. vainel280¢s | n posi tion

ot t1 on Sob. - tReenodr A AT LI BEEed I el Fomm ami t s |

been 15 conpressed to squeeze through the access' port 202 above
val ve 20410Then, the cover 230 is put on. Wen cover 230 has been
secured in pr ed0074] t | ghtTheademsooonit iBEhommah lfguresecmentisn i s cr eat ed

positions, 50a, 50b and 50c. and 50d. In position 50a, it is resting
on the ground surface 210, prior to insertion. In position 50b, the
valve 204 has been opened and’ the foam unit has been

15 compressed to squeeze through the access port 202 above valve
204. Then, the cover 230 is put on. When 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, fo remove air entrained in the

20  foam of ball 50. A sterilizant can also be introduced through line
237 and valve 238 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 50¢
and then into the pipeline as at 50d, where it recovers its full size.

[0075] Figures 4 -6 show"a 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



in the space between cover 230 and val ve 204 by withdrawi ng air
t hrough valve 139 and line 137, to renove air entrained in the 20

f oam of ba terilizant can also be introduced t

237 and van g@%ﬁl? t hought desirable., Valve 239 is cl gggjég‘gw&ﬂ%l“
val ve 204 is then opened, so that I|qU|?d¢Tromthe pi peline enters

t he space between val ve204 and cover 230. When the space between
val ve 204 and cover 230 is full of water, rod 220 is 25 pushed

manual ly, to force the sensor unit first into position 50c and then
into the pipel iG9&RENeats GO showe) es sensaspackage 186 of Giguresil ZRibs [ 0075]

Figures 4 -6 s Thi s
enbodi nent is gtegr?eé:ral iyr}a g”%teﬁd %“SSF@%%‘HS @aﬁt sensor
package 410, aﬁi$2aaﬂdtbemnabetairthe)oth@2@ndﬁne fleRibketsrinecHian K3g¢o
contains the s ors .and,o 06/ 71 PCT/ CA2006/ 000146
-24 corrponentsaa(nmﬁgﬁmﬁh 'ﬁét‘?g%@bp\/\gﬁ?g g%ga%ﬁ "PP%%?(@% Ri bs
430 are fl es8i bllMoawma@ﬂ@mﬁ@ztsm@aﬁn&k%swnﬁééhmﬁkaﬂﬂfwéol@% 432
and terminate at the other end in a fiexible connection

ring 434 whi ch Ses&tanddit Endshikheradacesskl 6anicarbich an3s 5 i nt 0
whi ch the ri ”glﬁk%‘f'tl&i"fbdl &M fit. ?ﬁti%’hl&d) sgﬁeﬂjﬂcfﬁﬂrén% Wi Wé)ﬁfopggrds 4tz

and 414. End 412 has recess nto i'nserti can
fit. R bs 430 é@%baﬂshamhric 420, which will form the ball shape. 10
[0076] In Figure 4, the sensor unit 450 is disassenbl ed for

insertion into a pipeline. The ribs extend upwards beyond the end of

t he sensor 4pac 410, bric 440 rl the The
fabric has1 ee:ﬁ 1 avvay H@;u?‘ %\I t{h%esernpgr uni %é’(g gcﬁg mbtl?fg} Fsensor
unit is fully am!mb‘l ntb alis’ﬂpfejlnéB'ﬂhe sib egtend UupWRdPBEVdridIhel dhdl S
recess 438 and fabric b e ribs, has assuned a ball
shape with fl aP% B'P?eﬁe"@r?{i?éﬁg ‘iﬁh "’éﬂ" tgﬁéalé’l'ﬁ)‘"%ﬂ oyailayignbem.

The fabric has been cut away to show the ribs. In Figure 5, the

sensor unit is fully assembled. Ring 434 is locked into position in

15 recess 438 and the fabric, pushed by the ribs, has assumed 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
Ba, 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-



package 420. [0077] Figure 6a and 6b show t he sequence of insertion
of the sensor unit 450 into the pipeline and its final assenbly
within 20 @thlne The pipeline is the sane as in _Fi

the sane nu be used to descyibe it as in FlgﬁFg 2“*@@"“5
sensor unit 450 is rel easeably attached to. the end of an insertion
device 470, as by a | oose conpression fit of a rubber bottomend 472
of insertion device 470 in recess 416. The insertion device is 25

then | owered t the v Jve 204 | o th el i The di aneter of
cylindrical ﬁé)%qg% CRAYE Wi%b?%d'g% Q’&!?%ﬁ’(fgifp r}‘? bGINt®Ess t hr ough
the access portba!QQ%p@Crh@ambnMﬁbMﬂe%@ﬂusflﬂacﬁm‘#fr% !Vafiﬁd loe' 5 in the
process of passleglg_l val ve 204. In figure 6b it is

pi pel i ne. A s| RIRGney e fabrig grn ba P@Hﬂﬁﬁ@@ﬂ@iﬁflq;WuQr@Mmm to push

ring 434. /081671
PCT] CAZ006/ 008:% 60%‘%’9 Lzug% %éég'%t%%ﬁzﬁpﬁ?ﬂ”ﬂn{e e'2 3?‘ s to

force the ff’abrST%e\rmﬂB‘lwthballd%ﬁ BhegsdionTwieile lnBentiDnrtoaﬂM?t[he ball is

filled with t f el i.n abric ca e perneabl e
to the liqui d%(@d@gfﬂﬂ’qmé&%ﬁ@e& cﬁ”ﬂB{%@ ?‘ﬁ‘i’)?fé?ﬁ%%? a[rg permt -
the |iquid to thehevithdfden mrehgfe‘aecé’s'élbdrﬁmiléﬂd ek 208 iperiskion’ whi l e
insertion tool 470 is renoved fromrecess 416. Insertion tool 470

and sl eeve 47 t hen..wi t hdrawn t hrou ess port 202 and val ve
204 is cl osedd[oa?gl)? ‘%‘ifﬁgd %%ﬁeas‘géf@t# ﬁ‘t"?‘"t”%%"%ith@ t hr ough
the pipeline. pl;béllrfeh@n iEbardbo@iRient RN, thBechsNaMit i Fhire! re dense
10 than tg?}.llqwd in the g‘l peli ne,, so the sensor unit rolls al ong

the bottdfh oftfam&gjigd ilrh e H"Pe‘b'@s sadhesenpnrivpitiselicanang o, 702
Thes nenes AR ACHHARIRNI AL eRREE I 1Jhr 002, (0T
50. If it is sn,@mbmaccaaapoas 262& ahd Z0abtrespentivaly. The signals
from these beacons are received by the acoustic sensor 118 in
sensor unit 50. if itis suspected that a leak is in the area
15 (because for example a previous sensor unit has detected one), a
mobile acoustic beacon 715 (shown here positioned on a vehicle
712) can be positioned on the surface near the expected leak.
Mobile beacon 715 transmits at very low frequencies (below
about 1000Hz) so that its signal wiil 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



15 (because for exanple a previous sensor unit has detected one), a
nobi | e acoustic beacon 715 (shown here positioned on a vehicle 712)

can be pOSWdfb'atg/ﬁ%l?ﬂ the surface near the expected Iealggg,trj}/%g%ﬁ%m%o

beacon 715 'tran s at very low frequepgcies (below a

that its signal will not be attenuated Dy the 20 earth and the walls
of the pipeline. Mbile beacon 715 is also provided with a GPS
transmtter/receiver 710 so that its position wll be known exactly.

The signals fromthe beacons are recorded by the acoustic sensor, or
they are recor deRPANISQE DY TBRAIGY des Closk trape tq Beg thavelapsed fimker ence to

the | ocation ofg; LSRG HA ; ' | de.
[0079] Ther e O sthere i Seor WAk a@%@sgﬁ?niﬁﬁiﬁﬁﬁﬂg%@%%% liquid

gi ves a char actlsuicin beqipslitenwnr by thescalmting of thebevolwtionaobtist i ¢

sensor and recogqugr%fth the other signals of that sensor.

Subsequent analysi's carn determine the |location of the 30 | eak, either

by conparison with the signals recorded fromthe WO 2006/ 081671

PCT/ CA2006/ 6001[0680] 26 bekmopipeline Bya coretiapipdimectapled Wihe to see

t he el apsed ti ner?sl'ane t he sensor unit, was rel eflgﬁd, and know ng the
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speed of | i qui8n THEAENBIMHET SISO N SRESRLUNE PAGCYster he
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pi peline wapped with wre. The nmagnetoneter sensors In sensor unit

50 register i rAigdnt BelesndwRipes aakidl &@s theietarsongreswiees a bel |
and spigot joi : ] L : re
Mres b the jotne KiaREn Hiheips Snd befaydtherd s 4 ARG 81 2
insert at 10 tHhat Ipoation. die rMagnetametsrcaensers asmeotesmadsationot e .
magnetic ano ' j £, . e. i rrasion in the wires, and these are
recorded on t@dro g@ac;fre&i"Intggh%ﬁi%ﬁ@%f'ont’ﬁéﬁ%wfr??’eﬂ?d ﬁ%ﬁ@m. The

recorded on the recording medium or transmitted, or both. The

location can be determined by elapsed time or by correlation with

the acoustic record which is left by the acoustic beacons on the
16 recording medium or which is transmitted.

[0081] Figure 8A shows a cross section through pipeline
200, showing how sensor unit 50 rolls along the bottom of the
pipeline. Figure $B shows the position that an ellipsoidal sensor
takes up, with its Iargéi' 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, sb 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



| ocation can be determ ned by el apsed tine or by correlation with
t he acoustic record which is left by the acoustic beacons on the 15

recordi ng Wmch Is transmtted. [0081] Fi gurePg:ﬁ, r}
(ot

Cross sectron t rough pi pel ine 200, showi ng how sensor

al ong the bottom of the pipeline. Figdre 8B shows the position that
an el lipsoidal sensor takes up, with its larger axis at right angles
to the axis of the 20 pipeline. [0082] Figure 9shows two sensor units
of different density, and how they nove through the pipeline. Sensor
unit 50x is of beingskdiffarent dipneterss bulcarhbmot the seimetiamstenifid i s used -
only when the E%jr ne ifs filled with liquid. In the enbodi nent
shown, the 25 rﬂ%ﬁ ne is filled with liquid, so it rolls along the
roof of the pipeline. It is larger in dianeter than the inspection
ports encounterf@@83In r offigresio shoas cnwmgam faw dgedving s sersor

i nspection ports Sens avera densr ty than

uni t 502 rea
the liquid in t%“aﬁ'%egﬂené’he%"% gnéﬁf ﬂ]erdrlgﬂﬁo'?t% ﬂ'r@ sensor
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different dianmeters, but can be of the sanme dianeter if desired.
[ 0083] Figure m%rﬂﬂﬁgeérw rﬁmmq'@ﬁnh‘éﬁﬁ@VWg1%P%@1’?§&“ef‘rQ% a

pi peline, wheny Scf]e%ﬁtﬁd%'}rdn%dftb%'lo%k%e R@%}hﬁe h§|ngsrﬁfés‘rsﬂon'b lgs Pi pel i ne

which is at at m)sp ri'c pressure e 100 opened by
renovi ng manholi@12oddurth@omrtiamd020 nethelrteIONIﬂmhﬁlﬂbéeﬁpdeQt?r iéned to

bl ock the pipeli S portion
1020 of the hetoS ol R NGO Bt HanE" Tnd Semartii i 4R8  Pr
f Ihoor of | the Flaﬂ@hg the flobnef denpipelinenfthe Séngovlunit rriﬂmabmdtmentf | oor of.
t he pipeline tesesor un . n_thi mh n reat er
onstty than ¢ (RET GhaTaarsK densipirisdith Gauid e e pipefira. bt nflé

net 1010, which'prevents it from moving further. It is then on the

portion 1020. Poles1012 and lifting straps 1022 are operated to

pull the sensor unit from the pipeline. . Instead of using net

15  portion1020 to engage the sensor unit, alternatively one can
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. A
Recovery pipe 1100 haré 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 io
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



net 1010, which'prevents it fromnoving further. It is then on the
portion 1020. Pol es1012 and lifting straps 1022 are operated to pull

t he sensor I the pipeline. . Instead of using net
porti on102b’vt¢%)r0g§1%gge t he sensor unit, ternatively On%cgﬁumg%%g

it manually with clawtype grapple 1030%°10084] Where the liquid in
the pipeline is under pressure and the sensor unit is has a
spherical conpressible ball outer surface 150, the nmethod of sensor
unit retrieval shown in Figure 20 11 is preferably used. Figure 11
shows a recoverdiapietas of ftopbali ngibrben the balbis iathe eepeedhé on port (al so

known as an ac ? bt : t4 |y
around the pi pé%éaﬁrgg’%‘gr‘&ﬁg‘rzﬂé&ﬁ%‘&ﬁ%é’v ﬂ'gﬁ%m@éﬁ4ﬂ%®%€%%| chis
al so closed saattrisphenepesserdiedsssnibtindise prastircoimihd i, Pee ,
Recovery pipe 25 1100 )has atfached to it cone,shape 1120,
ohioh 1% "clop! GREBOBYNE BB EomPrsSed 2 ke R B i s8ss oc
during insertiwRerelipbh@ ris@s @naurftsRRit bithe reBevdrp pRRCABGYR port, but
then expand to deploy the..net. The net causes the sensor unit 50 to

drift to the apg#RUad. the cone. At the apex of the cone is a hole 30
1130 in the inspection pipe. The ' hole is slightly smaller than the WO
2006/ 081671 PCT/ CA2006/ 000146 -28 di aneter of the ball unit. Wen

the ball is in o i . ened
qui ckly to at noiggﬁggﬁépggiét?ﬁe]t Igzﬁ%fg)ﬁtgﬁl’%e%ﬁ%s‘é@? é%ﬁénpég%qt han t he
pressure in thégnddatehpandseitdmblogki theipipalineghs slyownirpPEJdsed and

ecovery pilfe. dutisnonABRlieRFIBEE G bagFE o) TS Dossible to

use a net with a spring steel band, that expands it to block the
pi pel i ne, as sHO00B6] n PCDncedhBuehsshatt ibpptovestd,dhe dBt2004/ 059274

recorded from its sensors in its recording unit is analyzed in

known fashion. If the data has been transmitted by transmitter

120 before the sensor unit is recovered, the data analysis can
15 begin even before 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'.



[ 0086] Once the sensor unit is recovered, the data recorded fromits
sensors in its recording unit is analyzed in known fashion. If the
data has been transmtted by transmtter 120 before the sensor unit
is recovered, the data analysis can 15 begin even before recovery.
[0087] Figure 12 shows an actual trace nmade by a singe nmagnetoneter
as a spherical sensor unit having a circunference of 2 feet noved
along a pipe. A pattern of regqular peaks and 20 troughs is seen. The
peaks have been nunbered 1201-1212 for29 clarity. Each peak represents
the conpletion of a revolution,. It is therefore easily seen from
the graph th . ensor unit travelled 24 feet. The abscissa of
the graph is ﬁﬁ%@@@e ¥e in seconds, and the ordinate is the
vol t age out put of the magnetometer. 25 [0088] v%ile t he foregoing
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with no notorized prope neans, I nspect
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at | east one_ac (#erog;%g an @ §cg an recordi ng data
sensed by sal & SE pteg &7 19l slopg e ‘ﬁ"ﬂ B‘&pﬁ’ "HF"@?‘BS&F% ¢d densi ty
than the density of the liquid in the pi peline to be |nspected and
adapted to ropl ed. 2.
A sensor unlét)AaSseﬂéchﬂFmgsgﬁ?lﬁgé {nal m L’%l%nﬂg #np‘%ém gésns Bor Slnﬁ“fclth

spheri cal arfipnies of lesyitharrbalfandogrentes shon tIFrpfied diemriet qrthyang@:me habe 1/ 10
of the di anBipectddfl the pipeline to be inspected. 3. A sensor unit as
claimed in claiml, in which the sensor unit is ellipsoidal and the

length of its major axis is less than %of the dianeter of the
pi peline to3ba senspexit &xclaimed in claim 1, in which the sensor unit is ellipsoidal and the

length of its major axis is less than ¥ of the diameter of the pipeline to be inspected.

4. A sensor unit as claimed in any of claims 1-3, additionally comprising an acoustic
fransmitter or transponder which emits a frequency above 20 KHz,

3. A sensor unit as claimed in any of claims 1-3, additionally comprising » fransmitter or
transponder which transmits a range of frequencies comprising a swept pulse, in the
range between 1 KHz and 200 KHz,

6. A sensor unit as claimed in any of claims I-5, in which said senser is three

magnetometers, arranged orthogonally to one another,

7. A sensor unit as claimed in any of claims 1-6, additionally comprising an acoustic

sensof.

8. A method of inspecting a pipeline which contains flowing liquid, comprising,
providing & sensor unit according to any of claims 1-7, said sensor unit being of greater



4. A sensor unit as clainmed in any of clainms 1-3, additionally
conprising an acoustic transmtter or transponder which emts a
frequency above 20 KHz. 5. A sensor unit as clainmed in any of clains
1:3,*&dditionally conprising a transmtter or transponder which
transmts a range of frequencies conprising a swept pulse, in the
range between 1 KHz and 200 KHz. 6. A sensor unit as clainmed in any
of clainms 1-5, in which said sensor is three mnmagnetoneters, arranged
orthogonally to one another. 7. A sen$0r unit as clained in any of
clainms 1-6, additionally conprising an acoustic sensor. 8. A nethod

ot ovi ol ng. 2 e Bk iR i 63 Byt it e ugBiohe il O

unit bei ng alongigabastom3r thdprpelubyaytthaﬂowrméﬂid lirwid] while t&erdpigpedipae to
be inspecte ng the bottom
of the pi pe?? n% rL Eﬂh Qﬁa @%%H&Stﬂ]a Q%E Jg hr%g%ncs)% ’tgasa{nﬂgf'gnal

representative of the nunber of rewvol uti ons that the surface of the

sensor unit ghasmietPas Saiméd FELRRM 825 whigh MR Gedsh: SitddMpBsesiall 2l t he

sensor unit conprises an acoustic transmtter or trar%as onder, and

the method & & §F TapsRondss,and themathod W@H?Steﬁéﬁ’%&aﬁ@’mww@mm@

transponder ostheltrir@fenidstian@ireSeiving Sitlpgigial afkt leadtonk RaHon G168 thOFIBHNEN
along the pipeline. 10. A nethod as claimed in Gaim9, in which the
signals are emtted at a frequency above 20 KHz. 11. A nethod as
claimed i n @.ah mediod iap clalmied lin Chedm & guralish tie eigedls bk editketl afa fRQEAcyOf
frequenci es gQ0PskfHL N0 a swept pulse, in a range between 1KHz and
200KHz.

11. A method as claimed in Claim 9, in which the signals are emitted at a range of

frequencies comprising a swept pulse, in a range between 1KHz and 200K Hz.



