Apparatus and Method to Locate an Object in a Pipeline
This invention relates to apparatus and a nethod to

wo omatiss7esr obj ect in a pipeline. Particul arly,PET/CA2009/000891
rel ates to apparatus and a nethod for locating a
noveabl e obj ect which has been introduced into the
pipeline. In its preferred enbodinents, it relates to
| ocating the position of a detector unit for the
detection of anomalies in pipelines that carry
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Prior Art It is frequently useful to know the position
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a pipeline, sensing conditions as they go, have been
known for many years. For exanple, the oil industry

has | Digcussioth ofthetFHoredt " pi gs” which fill the
cross-section of the pipeline and which are pushed

through by the flowing oil. In both oil and water
hebe, WIE g 6Tt RoHbRE:3h e N o
appl i baen dmtrdddced into a pipeline, for example for maintenance or
leak detection purposes. For example, it is sometimes
necessary to know the position to a pipeline pig which has been
introduced to clean a pipeline. Knowing the position enables the
operator to predict when the pig will arrive at a pigging station,
20  orto take steps to free it if it has become jammed.

A particular type of object, of which it would be useful to know
the location within the pipeline at a particular time, is a detector
unit which senses conditions in the pipeline.
25
Untethered detector units which move through a pipeline,
sensing conditions as they go, have been known for many
years. For example, the oil industry has long used untethered
“pigs” which fill the cross-section of the pipeline and which are
30  pushed through by the flowing oil. In both oil and water

pipelines, untethered ball-like detector units have been used,



2006/ 081671 of Pure Technologies Ltd. In the currently
preferred formof the detector unit of that published
wappbiisstos on, the unit rolls along the bottom PET/@A2009/000891

fluid-filled pipeline, pushedZal ong by the fl uid flow
There are al so untethered powered detector units,

whi ch pass though the pipeline by neans of their own
notive power. The detector unit is typically _pI aced in
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cases, nethods using satellites (fo exarr%l e a _
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is buried too far underground for such nethods to
wor k. Various methods have been used to determ ne the
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determ nati on can be nhde f'or detector t hat are
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at | nlsgrtﬁgf it c%{nogg }equrﬁaedied or monitored further. To determine
15  this location, it is usually important to know the location of the
detector unit at the time the anomalous condition is noted. In
most cases, methods using satellites (for example a GPS
locating device) are not useable, because the pipeline is buried
too far underground for such methods to work.
20
Various methods have been used to determine the location of
detector units within pipelines. A crude determination can be
made for detector units that are carried along by the fluid flow by
knowing the average speed of flow of the liquid within the
25  pipeline, and recording the elapsed time from when the unit was
released to pass through the pipeline until it comes to the
anomaly. This method is sometimes refined by having beacons
which emit particular sound signatures at intervals along the
pipeline (for example, at inspection ports) and using the times at
30  which the detector unit passes the beacons to help calibrate the

average flow rate for particular sections of the pipeline. If the



pi peline (for exanple, at inspection ports) and using
the tines at which the detector unit passes the
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particul ar sections of the pideline. If thedetector is
designed to roll along the bottom of the pipeline, the
nunmber of revol utions can be counted to provide an

i ndi cation of distance travelled. If the detector unit
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made by a rolling detector unit can sometimes be incorrect if the

unit is entrained in the fluid in the pipeline and loses contact with

20 the bottom of the pipeline. The sensing of pipe architecture may
not be feasible if only incomplete or imprecise records exist of

the locations of the architectural features.

It would therefore be useful to have an accurate and precise
25 method of determining the location of an object which has been
introduced into a pipeline, particularly a detector unit within the

pipeline, and to have apparatus to perform that method.

Brief description of the Invention
30



introduced into a pipeline, particularly a detector
unit within the pipeline, and to have apparatus to
w@eobasitg hat nmet hod. Brief description of thePCT/CA2009/000891

I nventionlt has now been di scovered that an acoustic

em ssion at high frequency is transmtted through
pipelines with little loss in anplitude. This permts

the em ssion to be received at a renote |ocation, for
exanpltehasenewabedn [disnoverad Hwatyan wicoustic emissien at high
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the emssion is received at a second renote |ocation
i s deloeatiomettr examplepseveral kilametiesi ayay.owitheut undue

i nven 0 obtain a very precise neasurenent of the

tion t
I gtﬂﬁ%'?uqtl’?@'pi pel i ne between the | ocation of sending
and the location of receipt. T o obtain the distance
between the two | ocations, one determnes the tine
t akenifithetprecisedinmeiaf semding oh the aceustis emissiere thnohgh
two | gcatio
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second locations I1s a noveable object within t
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Cocat PoleRs ARgSRosasPEELAY e dopdifisoflbe Pipeline
| nvenpbRfbel tHe BRafiGS of sBREinY dnt RS RIcafi6s of Peédipt. T o
drawi ngs, in which: Figure 17is a representation (not
t o sceabtajn oheadigtanesethatwaantthe two locations, one determines
the time taken by the acoustic emission to travel between the
15 two locations, and multiplies this by the speed of sound of the
particular frequency in the type of liquid within the pipeline.
Where one of the first and second locations is a moveable
object within the pipeline and the other is a known position along
the pipeline, this provides a method for finding the location of the

20 moveable object.
Drawings

The invention will be described with reference to the drawings,
25 in which:

Figure 1 is a representation (not to scale) of a detector unit
equipped with a transmitting station according to the invention,
and located within a pipeline, where the detector unit is an
30 untethered ball rolling along the bottom of the pipeline. The

pipeline is shown in section in order to show the detector unit.



equi pped with a transmtting station according to the

invention, and | ocated within a pipeline, where the
waleteasons unit is an untethered ball rolling aP@rigA2dee/000891

bottom of the pipeline. The pPpeline is shown in _

section in order to show the detector unit.Figure 2 is

a representation (not to scale) of a detector unit

equi pped with a transmtting station according to the

invention, and | ocated within a pipeline, where the
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st ati ¢e dete@tdreurfit.is a representation (not to scale)
of an alternate embodi ment of the invention, show ng a
transmtting station on a pipeline and a detector unit
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Description of the Invention Accor
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SRR Pl b e oMl BB B o e
acouste@mﬁg@tmm positioned to recei ve sounds

occurring wthin the pipeline, a precise clock and a
recordi ng device. The difference (if any) between the

readi pgs, 87 41 € 4 Y8 sGRioR! (rtmr{etos %Cale) of an alternate
15 embodiment of the invention, showing a transmitting station on a
pipeline and a detector unit equipped with a receiving station.
The pipeline and surrounding earth are shown in section in order

to show the receiving station and detector unit.

20  Detailed Description of the Invention

According to the invention, a transmitting station has a precise
clock, and a means for emitting a high-frequency acoustic
emission. At least one receiving station has an acoustic
25  receiver poéitioned to receive sounds occurring within the
pipeline, a precise clock and a recording device. The difference
(if any) between the readings of the two clocks at the same
absolute time is known, so that a correction can be made when
calculating the time taken for an emission to travel between
30 them. Preferably, the transmitting station is in a moveable

detector unit and the receiving device is at a fixed location in or



absolute tine is known, so that a correction can be
made when cal culating the tine taken for an em ssion
wa eoovnssres bet ween them Preferably, the transmeT/CAR®9/000891
station is in a noveabl e dete6tor unit and the
receiving device is at a fixed location in orattached
to the pipeline. The reason for this is that electric
power is usually nore readily available at a fixed
| ocat iatiachedetoethiet pipmlinbe Thpptassdnf fornthis ¢ itkdt tleatric
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useful when calibrating the system both stations are
fixed points along the pipeline at a known

15 In a less preferred embodiment, the transmitting station is at a
known fixed point in the pipeline and the receiving station is
aboard the untethered detector unit.

In another embodiment useful when charting a pipeline of
20 unknown configuration where the speed of sound in the fluid in
the pipeline is known, the transmitting and receiving stations are
located at fixed points along the pipeline, and the invention is

used to determine the precise distance between the fixed points.

25 In another embodiment, useful when calibrating the system,
both stations are fixed points along the pipeline at a known
distance from one another, and the invention is used to
determine the precise speed of sound of the frequency used in
the type of fluid within the pipeline.

30



di stance from one another, and the invention is used
to determ ne the precise speed of sound of the
w0 e@gues1ey) used in the type of fluid within theCT/CA2009/000891
pi pel i ne. Wien the transmtting-station is |ocated
aboard a noveabl e detector unit, it is particularly
preferred to have several receiving stations in use at
di fferent |ocations along the pipeline. The
t r ansiWhen nf@eutransmlttmg]estmwl lecatetde aboardd @v nuaveable
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different receiving stations, or at several 'recelving
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t' ma nhevedths et dtof tﬂJiBnttl'saé‘tSHh tpd?'ﬁ’mﬂ&dnﬁ?ec%é'é%ssmg
stations are synchronized t conpensation can

made MRy deyraseived | at dl’ﬁbrentr resDebi inp s.’cat{amsvemn atnseéveral
this i det erm nlng e. difference jn, readi ngs
of théé%ﬁgggs%ﬁm{‘ﬁ S QRECan&INISEIONS; FREeES @l ANy 1pne
di f f eeitom Gréeusdd %)cé}s&w&héhwarfc%aéf M8 Moveable
known. This can be done, for exanple, Dby conparing
ed@h dﬁﬁﬂkommmhﬁaﬁdPStSEWBnS|gnal (which is taken for
this purpose as the absolute "correct” tine), and
noting the difference between the GPS time readi ng and

he reggbmotivt foheme! eKclotks $n GRS t%s‘?ﬁ]ﬂﬁltgféﬁ@%ce

before or after the noveabl e sensor unit avel s
t he psteéloaﬁoarenwrmhrmza@,omtthai emm;sensmg)m\ban fbeamade

comme G 2 Prifaf HEHE EuhRR  Tronvenisaty, S as e by
15 determining the difference in readlngs of the clocks at the same
absolute time, so that the difference (the error) between their
readings is known. This can be done, for example, by comparing
each clock with a GPS time signal (which is taken for this
purpose as the absolute “correct” time), and noting the
20 difference between the GPS time reading and he reading of the
clock. This can be done either before or after the moveable
sensor unit travels down the pipe and emits the acoustic
emissions which are received at the receiving units. If high
precision commercially available clocks are used, there will be
25  little drift, and the synchronization need not be done each time
the moveable sensor unit is caused to travel down the pipe. A
person skilled in the art will know how often to synchronize,
having regard to the precision of the clocks being used and the
accuracy required.
30



little drift, and the synchroni zati on need not be done

each tinme the noveabl e sensor unit is caused to travel
wa@lomm/1534188 pi pe. A person skilled in the art w PCT/KAZOA9/000891

how of ten to synchroni ze, havPfng regard to the

precision of the clocks being used and the accuracy

required. I n operation according to the invention, a

hi gh frequency acoustic emssion is created at the
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acoustic emssion to pass through the liquid in the
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aé@usdistanss bstweermtheatws stations yat ithedime pfrihe emission is
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15

The means for emitting the acoustic emission at a precisely
known time is preferably a timer which causes emissions at
precisely-timed intervals. If the timer is present, it is not
absolutely necessary to have an associated recording device,

20 provided that the clock reading is known for any one emission,
as the clock readings for other emissions can be derived from
this. However, it is preferred to have a recording device which
shows the time of each emission as recorded by the associated
clock.

25
Alternately, if the transmitting station is on the detector unit,
means for emitting the acoustic emission can be an alarm which
causes an emission when a sensor on the detector unit senses
a reading beyond a pre-set limit or other predetermined alarm

30  condition, together with a recording device which records the



shows the tine of each em ssion as recorded by the
associ ated clock. Alternately, if the transmtting
W@ @visa108 s on the detector unit, nmeans for enmP@T/CAZ09/000891

the acoustic enission can be-8n al arm whi ch causes an

eni ssi on when a sensor on the detector unit senses a
readi ng beyond a pre-set limt or other predetermn ned
alarm condi tion, together with a recording device

whi ch precise dimehaprwbicbethd raeoastiovemissidne iscamittede as

emssion is .emtted, as.recorded by the associated
cl ock.r.ec%gegfnyﬂ%@ %W@Fe‘fﬁlg Enventi on makes use of a

hi gh frequency acoustic em ssion. The useable _
frequencies are dependent on the nature of the fluid
i n t héspbiated mbouedthehinventiontreakes uséefpa pigh frequency

. fr. [ bout 500 Hz.
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transmt both through the liquid and the walls of the
pi pel ipigglineo Gapetlyndowr frequerciesat (ttdkmrabetut\/:S:ﬁ)Q Hz.)
tati i s.a canmbination . of the em ssign trayelling
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type of fluid within the pipeline, the emssions ar
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I'i qui grougReh&#fifBidehd thesgi.f i cant at frequencies in
t he range of about 500 - 18000 Hz., so these

frequenci es shoul d be avoi ded. For gases, danping
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15  with the type of fluid within the pipeline, the emissions are
absorbed or damped by the fluid within the pipeline. This
damping or absorption decreases as the frequency increases,
and varies with the type of fluid. For most liquids, the damping
is significant at frequencies in the range of about 500 - 18000
20 Hz., so these frequencies should be avoided. For gases,
damping depends on the pressure of the gas as well as its
composition, but generally frequencies below 18000 Hz may
encounter damping, especially when the gas is pressurized.
Frequencies above those at which the damping or absorption is
25  significant for the particular fluid are useable.

To avoid any likely damping or absorption, it is preferred to use
a frequency above 20 KHz, preferably in the range 20-100 KHz.
and more preferably in the range 30-80 KHz. Generally,
30 frequencies in the range 40 KHz.- 80 KHz are particularly

preferred in pipelines which contain water, and frequencies in



conposi tion, but generally frequencies bel ow 18000 Hz

may encounter danping, especially when the gas is
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danpi ng or absorption is signi®icant for the

particular fluid are useable. To avoid any |ikely

danpi ng or absorption, it is preferred to use a

frequency above 20 KHz, preferably in the range 20-100
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Suitably, the acoustic emission should have a duration of at

least 1 ms. However, to distinguish it from possible evanescent

high frequency noises within the pipeline, a longer emission, of

20 ms. to 200 ms, is preferred. Longer emissions can also be
20  used if desired.

The emissions are spaced from each other by a time much
longer than the duration of the emission, so that successive
emissions do not overlap or interfere with one another at the

25 receiving station. However, they are frequent enough so that, at
the speed that the moving object is travelling, they serve to
locate the object to the desired degree of accuracy. For objects
travelling by entrainment in  the flow of fluid in the pipeline, at
typical pipeline flow rates, sufficient accuracy of location is

30  obtained for most purposes if the emissions are repeated every
1 second to 15 seconds.



used if desired. The em ssions are spaced from each

other by a tinme nuch | onger than the duration of the
W@Ppi0g85um so that successive enissions do notPCW/EARE@P/000891

or interfere with one another at the receiving

station. However, they are f-rléquent enough so that, at

t he speed that the nmovi ng object is travelling, they

serve to locate the object to the desired degree of

accuracy. For objects travelling by entrainnment in the

flowof fluid in the pipeline, at typical pipeline
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15
It is surprising that high frequencies propagate for long
distances through a pipeline, even though such frequencies
would normally be expected to attenuate rapidly in a liquid
medium. While the inventor does not wish to be bound by any

20  theoretical explanation, it is thought that the walls of the pipeline
act in a manner analogous to a waveguide to propagate high
frequency acoustic emissions.

The invention is operable at all conventional pipeline pressures,
25 from subatmospheric pressure to high pressures. The invention
will also operate in gas-filled pipelines and liquid filled pipelines.
In pipelines where there is liquid with gas above it (as for
example in a pipeline having water with air above it), there
should be a continuous path in at least one single phase (the
30 liquid or the gas) from the transmitting station to the receiving

station. A continuous path through the liquid is preferred.
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that the walls of the pipeliné&-act in a manner

anal ogous to a wavegui de to propagate high frequency
acoustic em ssions. The invention is operable at all
conventional pipeline pressures, from subatnospheric
pressure to high pressures. The invention will also
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can be several receiving stations if desired.
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pipeline which the detector unit is to inspect. Also, the emissions
are spaced sufficiently so that there is a sufficient interval to
avoid overlap at the receiving station. For example, it is suitable
in most cases to set the acoustic emissions to occur at intervals
20  of from about %2 second to 2 minutes or even longer. Preferred

intervals ranges are from 1 second to 10 seconds.

The detector unit is launched and is allowed to proceed down
the pipeline to a retrieval point, with the length of pipeline to be
25  inspected being between the launch point and the retrieval point.
The detector unit is provided with conventional sensors such as
for example a hydrophone, magnetometer, temperature sensor
and the like for detecting anomalies. While passing through the
area to be inspected, the detection unit emits the acoustic

30 emissions at the predetermined intervals, and simultaneously



desired tinme intervals during travel along the entire
| ength of the pipeline which the detector unit is to
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trace.

20 At the retrieval point, the detection unit is removed from the
pipeline in known fashion and the data downloaded from it. The
time of sending of each emission is compared with the records
of the receipt of that emission at the receiving station. The time
of sending and receipt are standardized by correcting for any

25 error between the clocks (as determined by synchronization,
which is done as necessary), and the speed of transmission of
sound of the emission frequency in the liquid is either known or
determined empirically. From this information, the distance
travelled by each emission is calculated by multiplying the time

30 taken for that emission to travel between the transmission

station and the receiving station. This provides a dataset



the sensor results along with a tinme trace which shows
the tine as recorded by the clock. The precise time of
w@enditsigoonf the em ssion can be determ ned by BXEGAZI0NG00891

the trace to see the tine at- Mhi ch the sensor

regi stered the anomal ous result. For conveni ence, the

em ssion can al so be recorded on the tinme trace. At

the retrieval point, the detection unit is renoved
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This information can also be used to determine the velocity of
the detector unit in the pipeline, by plotting the position of the
detector unit at the time of successive emissions at spaced time
20 intervals, and noting the distance travelled in the interval
between emissions. This information can be used to correct
distance measurements made by other conventional techniques
for measurement. Also, the velocity determined for the detector
unit as it approaches a receiving unit and then recedes from the
25 receiving unit can be interpolated to find out precisely the time

at which the detector unit passes the receiving unit.

If desired, emissions can be sent at predetermined time
intervals and additional emissions (using a frequency or a set of
30 tones different from the frequency or set of tones for the

emissions at the set time intervals) can be sent when a sensor



detector unit in the interval between the acoustic
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15 detected by the detector unit.

In general for liquids, sufficient accuracy for the speed of sound
is obtained by using handbook values for the speed of sound of
the frequency used through the type of liquid in the pipeline.

20 However, the speed does change with temperature and

pressure, so better accuracy can be obtained by doing a
calibration. For gases, handbook values are less reliable, as the
pressure in the pipeline fluctuates as the gas is pumped, so
calibration is recommended.

25

To do the calibration, the transmitting station is placed at a
known location in the pipeline, such as an inspection port or a
pig release station, as shown in Figure 4 at 500. The receiving
station is placed at a second location along the pipeline, such

30 as another inspection port or a pig receiving station as shown at

400 in Figure 4, which location is a known distance along the



In a | ess preferred enbodi nent, the acoustic em ssions
are sent at predetermned tine intervals froma
W@ e@pasa708 i Nng station at the | aunch point, thePCT/CA2009/000891

retrieval point, or sone otheld-point along the

pi peline, for exanple a location between the two where
there is access to the pipeline through an inspection
port. The receiving station is on the detector unit.
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location is nown |stance ong eprpe

the ttimesmtting station. The detector unit is not
used while doing the calibration. Preferably the two
| ocations are less than 1 km from one anot her and

tIer eTRECIMNBNASR" EarP SIS be used to measure the length an
unknown length of pipeline between two locations accessible
from ground level. The pipeline, being underground, may have
turns not evident from ground level, so its length may not be
ascertainable from ground level. To measure its length, a
20  transmitting station is set up as shown at 500 in Figure 4 at one
location, and a receiving unit as shown at 400 in Figure 3 is set
up at the second location. Preferably, the two locations are as
close as conveniently possible, having regard to available
ground locations, and the pipeline is filled with liquid which has a
25  known speed of sound at the frequency chosen. .A least one
acoustic emission at the chosen frequency is then sent from the
transmitting station at a known time to the receiving station. The
time at which it is received is then noted. The elapsed time for
the emission to travel from the transmitting station to the
30 receiving station is then found by subtracting the time sent from

the time received, with any necessary calibration correction. As



in the pipeline between them A |east one acoustic
em ssion at the desired frequency is then sent from

W b@onsamsni tting station at a known tine to tPEI/CA2009/000891
receiving station. The tinme-d7-which it is received is
then noted. The el apsed tine for the em ssion to
travel fromthe transmtting station to the receiving
station is then found by subtracting the tine sent
f r om theespeadcof scand édtheMiquid dsknoene s distandd Isrfauindn

correction, As, the di.stance travell ed betweep the t
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st at i sensdrhenit isinsilart towthiat Ishiowni & PEdePublishies] application
from @ TdHERTEE bl Pl Heshnplotien Lic The déi8¥er unit
15 comprises ball-shaped sensor unit 101 within a protective outer
urethane foam cover 104. Arrow 19 shows the direction of the
fluid flow. As the detector unit is more dense than the fluid, it
rolls along the bottom of the pipeline, pushed along by the fluid
flow 19.
20
Within the sensor unit 101 are conventional sensors 203 and
204, for example a magnetometer 203 and a hydrophone
(acoustic sensor) 204. There is a hole 103 in the protective
foam cover 104 to permit the hydrophone 204 to be in direct
25  contact with the liquid 11.

Also within the sensor unit 101 is a precise clock 202. This is
connected to an acoustic emitter 201, which can emit acoustic
signals at a pre-chosen frequency within the range of 20 — 100
30 KHz, The acoustic emitter can be, for example, a %" diameter

x .1” thick piezo crystal. The acoustic emitter is arranged to emit



receiving station is then found by subtracting the
time sent fromthe tine received, wth any necessary
w@ 2a000hs508 on correction. Asthe speed of sound P@I/CA2009/000891
liquid is known, the distanceS8i-s found by is found by
mul tiplying the speed of sound by the el apsed tine.
Referring to the drawi ngs, Figure 1 shows a pipeline
10, containing fluid 11, which can be for exanple,
oi |, \aatagousticrsignal &t sphdimel rteviafs; fonexampleuohes every
t he g%ound éZ. There is a leak 14 in the pipeline, and
f1 ui d°15%98%scaping fromthe leak into the ground as
shown at 13.. The transmitting station, in this
enbodi nent, is contained within the detector unit 100,
whi chAlternately ot inusidditiony eacexigtiplemitter 20datan 1N 20tone
unit simlar to.that sho in PCT Published .
a IiSﬁPF@%OW?WDQPU&@ 12 direrhosencamenegi efs acoustic
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al ongaFﬂ'ésL{Bb?m r&lfanlngts@f%qtlyﬁ@tp thadlHich1hl ong by the
fluid flow 19. Wthin the sensor unit 101 are
conventional sensors 203 and 204, for exanple a
nHynetAdmenemoR03deavide a 205 r ayiicine caac it e Gstivehfional
204. There is a hole in the protective foam cover

104 tsowgﬂﬁ'—FPia"vwah%iég%PoﬂéefEew cardbori flash meemory, is
cont aghked by dutgble &%Lﬁﬁr%gge%g&c%d A bEﬁeFa?é‘g? By the

unit 101 1s"a precise cC I s I's¥connect
an aceemssars 203 taner 2041 Suitablys the anemvry dssdtes 206 also

records a continuous time trace from the clock, so that the

15  precise time of each piece of data recorded by the sensors 203
and 204 is recorded. It is also possible for the memory device to
record on the same trace the time of each acoustic emission,
but this is not absolutely necessary, as the acoustic emissions
occur at set time intervals which are governed by the clock. In

20 some cases (as, for example, where one sensor is a
hydrophone which senses high frequencies), the data recorded
by the sensor will include the periodic acoustic emissions in its
recorded data.

25 In a preferred embodiment, the acoustic emitter 201 is a tone
generator, and is linked to one or more of the sensors 203 and
204, so that the acoustic emitter will send an acoustic emission
which is a specific set of tones when the sensor senses a value
outside a predetermined range.

30



signals at a pre-chosen frequency within the range of
20 - 100 KHz, The acoustic emtter can be, for
wez@apseps a 3A" diameter x . 1" thick piezo cryBRCHICA200k/000891
acoustic emtter is arrangedl2o enmitan acoustic signal
at set tine intervals, for exanple once every 3
seconds. Alternately or in addition, acoustic emtter
201 can be a tone generator which can emt a
pr e- oBAKEsy 36T peovides fpoaerUst ithe slgmehts 2014208qthraugles
in the range 20-100 KHz. Preferably, there is a hole
102 | Girquiey P8t ecti ve foam cover 104 so that the
acoustic emtter transmts directly into the fluid 11.
A nmenory devi ce 205, which can be a conventi onal
comehciFigline aythd dbteet@umie o passingcadjacéritabe leakdlidy,

is linked b i tabl ' it
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of dagyenicgadslace D05 Eataestsowing2he timeé 8D4ach acoustic
recorded. It is also possible for the ry device to
r ecor 8ignal lﬁrﬂs%éﬁﬁ@@@gtfbth@ﬁ@em%dg’?'cé -acoustic

em ssion, but this is not absolutely necessary, as the
acoustic em ssions occur at set tine intervals which

aje gPigere el shywishan clieshatel embodimenisda figure 2,0similar
exanpl e, where one sensor is a hydrophone which senses
hi gh elesanisare labelled withihg sagae PHBWEKRS ag ik Figre dr
Wi Il include the periodic acoustic emssions inits
recorded data. In a preferred enbodi ment, the acoustic
em tt By FigUrel 8, ahé adetegionaurit ds ,a Jipkline pig B0, theldria
or nore of the sensors 203 and
position in the pipeline 10 by sealing flaps 301 and pushed
15 along the pipeline by the flow of the fluid in the pipeline as
indicated by arrow 19. in this embodiment, the fluid 11 can be
for example oil or a refined oil product, as pipelines for such
products commonly use pipeline pigs for inspection, and are
provided with pigging stations where pigs can be inserted into or
20 removed from the pipeline. . Within the pig are conventional
sensors 203 and 204, for example a magnetometer 203 and a
hydrophone (acoustic sensor) 204. Hydrophone 204 has its
sensing portion on an exterior surface of the pig so that it can
detect acoustic events in the surrounding fluid 11.
25
As in the embodiment of Figure 1, the detector unit of Figure 2
contains a precision clock 202 connected to an acoustic emitter
201, which can emit acoustic signals at a pre-chosen frequency
within the range of 20 — 100 KHz, or if desired can emit a pre-
30 chosen sequence of acoustic signals at frequencies within the

range 20-100 KHz. A memory device 205, which can be a



204, so that the acoustic emtter will send an
acoustic em ssion which is a specific set of tones
wob@n/153188 sensor senses a val ue outside a predetECAR0200891

range. Battery 207 provides pdher for the el enents

201- 205 through circuitry 206. In Figure 1, the

detector unit is passing adjacent the |eak 13. The
hydrophone 204 detects the sound of the fluid |eaking
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Figure 3 shows a receiving station 400. Again the same
numbers are used to identify the same things. Typically, the
receiving station is at the access port where the detector unit
has been inserted into the pipeline, or at the access port where
20 it will be removed, or at an inspection port intermediate between
the two. It is preferred to have several intermediate receiving
stations along the length of pipeline being examined, for
example at inspection ports, if possible at intervals of every
kilometre or so. In Figure 3, the receiving station is located at
25 inspection port 413, intermediate between the access port for
insertion and the access port for removal. The precise
geographical location of access port 13 is known, either by
locating it from pipeline drawings and maps or by locating it by a
GPS reading.

30



201 , which can emt acoustic signals at a pre-chosen
frequency within the range of 20 - 100 KHz, or if
walempnggdogan emt a prechosen sequence of acouBtT/CA2009/000891

signals at frequenci es withi-2lt-he range 20-100 KHz. A
menory devi ce 205, which can be aconventional flash
menory or SD card, is linked by suitable circuitry 206

to record data generated by the sensors 203 and 204.
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| pcat gdoddtic receiver is positioned in contact with the fluid, as shown
at 401, no receiver is needed in the alternate position at 401a
and circuitry 402a is not needed.

Connected to the receiver 401 is an amplifier 402, memory
20 device 403 and a precise clock 404. Power for the clock,
memory device and receiver is supplied by a power source, here
shown as a battery 405, and all are connected by circuitry 406.
For ease of access, the clock, memory device and battery are
located at or above ground level 17. Clock 404 has been
25  synchronized with clock 202 before the detector unit is released

into the pipeline, so that the error between them when

measuring the same time is known.

In operation, the acoustic emitter 201 of either the ball sensor
30  unit of Figure 1 or the pipeline pig of Figure 2 emits signals at
predetermined intervals at a predetermined frequency. If



I nspection port 413, internmedi ate between the access

port for insertion and the access port for removal.
wab@opsees se geographical |ocation of access pPCT/CA0PH00891

known, either by | ocating it22rom pipeline draw ngs

and maps or by locating it by a GPS reading. At _

i nspection port 413, an acoustic receiver 401 which is

capabl e of receiving the frequencies generated by the

acoustesiredy instea@0df af sigrmirat b @redétennined ifitquency,

| ocat ed ir{. contact with the fluid 11 or else in
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is supplied by a power source, here shown as a battery

405, g‘%&("%?r GAd A SHERSINAS: circuitry 406.

15
The fiuid 13 leaving the pipeline leak 14 emits noise as the fluid
leaves the pipeline. This noise, indicated as wavefronts 16, is
picked up by the hydrophone 204 and is recorded in the memory
device 205 along with the other events sensed by sensor 204.

20
Optionally, the memory device can have associated software
which recognizes that an anomalous piece of data has been
recorded and causes the acoustic emitter 201 to send out a
sequence of tones immediately. This sequence is different from

25 any tone or frequency sent out at the predetermined interval,
and is to provide information which will give an exact location at
which the anomalous data has been acquired. Normally,
however, it is not found necessary to do this, as sufficiently
precise location can be obtained by interpolating the anomalous

30 data between the signals sent out at the predetermined
intervals.



For ease of access, the clock, nenory device and

battery are | ocated at or above ground |evel 17. C ock
waohssobeen synchroni zed with cl ock 202 bef oP€r/CAz009/000891

detector unit is released int2d-the pipeline, so that

the error between them when neasuring the sane tine is

known. In operation, the acoustic emtter 201 of

either the ball sensor unit of Figure 1 or the

pi peline pig of Figure 2 emts signals at

d i_ned L nterval redeterm ned frequency.
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If this preferred embodiment is used, the real-time position of the

detector unit is recorded directly. Otherwise, the precise time of

receipt of each emission as shown by clock 404 is recorded in
20  memory device 403.

After the desired inspection has been made, the contents of
memory devices 403 and 205 are examined. Where anomalous
readings, or readings which indicate a condition of interest, have
25 been made by the sensors, the time that these are recorded in
the memory device as having been observed are noted. The
acoustic emissions issued at periodic intervals which are
nearest to the time of the observation (and any special acoustic
emission, if made, when the anomalous result was observed)
30 are then compared with the record of the receipt of those

emissions at the receiving station. The time lag between the



Optionally, the nenory device can have associ at ed
sof tware whi ch recogni zes that an anonal ous pi ece of
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201 to send out a sequence of24t-ones inmediately. This
sequence is different fromany tone or frequency sent

out at the predetermned interval, and is to provide
informati on which will give an exact |ocation at which
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real -tinme position of the detector unit and to’ make
pr epatwQ reneiving statiomsr et rieval . |f this preferred
enbodi nent is used, the real-tinme position of the
15 The error between the clocks on the receiving stations and the
transmitting station is preferably determined at the beginning or
end (or both) of a passage of a detector unit though the pipeline
by comparison with a common standard such as a GPS time
signal. If a detector unit is sent though a pipeline for an
20 inspection taking several hours, there may be some drift,
depending on the accuracy of the clocks used. Generally, the
clocks which are commercially available are accurate to within
about 1 millisecond per hour. More accurate clocks can be
obtained commercially but are more expensive. A drift of
25  several milliseconds an hour can be tolerated without unduly
affecting the accuracy of the results, because every time that the
detector unit passes a known location, such as a beacon or a

receiving station, a correction factor for drift can be applied.

30  Figure 4 shows an alternate embodiment in which the

transmitting station is located at an access port, and the



detector unit is recorded directly. Oherw se, the

precise tinme of receipt of each em ssion as shown by
wW@bk@ol508! i s recorded in nmenory device 403. APCECAL12/000891

desired inspection has been made, the contents of

menory devi ces 403 and 205 areé -exam ned. Were

anomal ous readi ngs, or readings which indicate a

condition of interest, have been nmade by the sensors,

the tinme that these are recorded in the nenory device
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emitter is arranged to emit an acoustic signal at set time
15  intervals, for example once every 3 seconds. Preferably, there is
a memory device 507 which records the acoustic signals and

the time of emission of each such signal.

Alternately or in addition, acoustic emitter 501 can be a tone
20  generator which can emit a pre-chosen sequence of acoustic
signals at frequencies in the range 20-100 KHz.

The acoustic emitter is shown as being in contact with fluid 11.
However, if desired, the acoustic emitter can be placed in

25 alternative position 501a in acoustic contact with the pipeline
(here shown as on the cover of access port 513) and be
connected to the clock 502 by circuitry 504a.

Power source 503 powers the clock and acoustic emitter
30 through power circuitry 505.



The error between the clocks on the receiving stations
and the transmtting station is preferably determ ned
waroovhss7hegi nni ng or end (or both) of a passageCTCA2009/000891

detector unit though the pipé@bi-ne by conparison with a
common standard such as a GPS tine signal. If a

detector unit is sent though a pipeline for an

i nspection taking several hours, there may be sone
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transmtting station 500 | ocated at an access port

513. The transnitting station has a precise clock 502.
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Prse- coonret. Theedanaiend §didh WeBustic receiver 550 which is
capable of receiving the emissions generated by acoustic
emitter 501 of transmitting station 500. If necessary, the sound
received is amplified by an amplifier 551, and is recorded along
with the traces from clock 202 and sensors 203 and 204 in

20  memory device 205. If hydrophone 204 is designed so that it
can pick up the frequency or frequencies emitted by acoustic
emitter 501, then receiver 550 and amplifier 551 can be omitted,
and the hydrophone can function as both acoustic sensor for
leaks and the like and as the receiving station for the invention.

25
In operation, the acoustic emitter 501 or 501a emits signals at a
predetermined interval from one another at a predetermined
frequency. If desired, instead of a signal at a predetermined
frequency, acoustic emitter 501 or 501a can emit groups of

30 signals at predetermined frequencies in a predetermined order
at such predetermined interval.



range of 20 - 100 KHz, The acoustic emtter can be,

for exanple, a 3L" dianmeter x .1" thick piezo crystal
wab@oasomsti c emtter is arranged to enit an aPOUEAR®I/000891

signal at set tine interval s27for exanple once every 3

seconds. Preferably, there is a nenory device 507

whi ch records the acoustic signals and the tine of

em ssion of each such signal. Alternately or in

addi tion, acoustic emtter 501 can be a tone generator
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the precise tinme of each piece of data recorded by the
senso'&ﬁe? (t)t?e adr:aoéir%gAfinisgsiecr:t(ieé:norhggdbeen made, the contents of
15 memory device 205 and memory device 507 are examined, and
the clock traces are adjusted to compensate for error between
the clock readings, if any. . Where the sensors show anomalous
readings, or readings which indicate a condition of interest, the
time that these are recorded in the memory device 205 as
20 having been observed are noted. The acoustic emissions
received nearest to the time of the observation are then
compared with the record of when those emissions were sent
from the transmitting station. The matching of emissions sent
and emissions received by counting the number of emissions
25 sent by the transmitting station and the number of emissions
received by the receiving station since the pig’s travel through
the pipeline began. The time lag between the sending and the
receipt of each emission, multiplied by the speed of sound of
that frequency in the liquid which is in the pipeline, gives the
30 measurement of the distance between the detector unit and the

receiving station at the time the emission was sent. This locates



Battery 207 provides power for these elenents through
circuitry 206. Unlike the pig in Figure 2, however,
wEe@oaadohas no acoustic emtter. Instead, thePEr/Ca2@m000891

acoustic receiver 550 which -iZ¥ capabl e of receiving

the em ssions generated by acoustic emtter 501 of
transmtting station 500. If necessary, the sound
received is anplified by an anplifier 551 , and is
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202, are.al.l r r j ry. device 205. The fluid

131 BOPIPtPRORES ATIHASI . Tolingrplonn e boliom et the

f131i dpipeline. The emissions were 25 ms. in length at a frequency of
40000 Hz.

Example 2 — Oil pipeline
In a 10 inch diameter pipeline, filled with crude oil at a pressure
20  of approximately 200 psi, emissions from a transmitting station
from a transmitting station on a detector unit were transmitted
through the oil in the pipeline and were successfully received at
a receiving station at a pig launching station 200 m. away. The
detector unit was a ball-type sensor unit of the type shown in
25 PCT Published application WO 2006/081671, rolling along the
bottom of the pipeline. The emissions were 25 ms. in length at a
frequency of 30000 Hz.

Example 3 — Natural gas Pipeline
30 Ina 200 mm. diameter natural gas pipeline, with gas at pressure
varying between about 103 kPa and 270 kPa, emissions from a
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In a 36 inch dianmeter pipeline, filled wth potable
wat er at a pressure of approximtely 200 psi,
wenigasons froma transmtting station on a deP@rCaro09/000891
unit were transmtted throughOthe water in the
pi peline and successfully received at a receiving
station at a pipeline inspection port 800m away. The
detector unit was a ball-type sensor unit of the type
shown in PCT Published application WO 2006/ 081671 |,
rolling along the bottom of the pipeline. The
em ssj.gns.were 25.n8. in length at a frequency of
40000“&]?? 'SEﬁlgf{B?(g'sz - Ol pipeline In a 10 inch
di ameter pipeline, filled wwth crude oil at a pressure
of appr oxi Appatatus it |66atingeah 8Bjeehin 4 bipBlike, comprising
transmtting station froma transmtting station on a
detector unit were transmtted through the oil in the

Dbt BnraRoRtiRG AR HRRYNG, a0 taPSufihB° i hee
det ecpipelin@i dcoMfic Fediisiorisy Paviignaofregiiéricyoin the range

shown in PCT Published application WO 2006/ 081671 |,
rol | i figma2@ Kz tee2MbKHEm of t he pipeline. The

em ssions were 25 ns. in length at a frequency of
30000 Hz. Exanple 3 - Natural gas Pipeline In a 200

nm  dja@ebRing8tationl hawAgPa retéiver cwgbbleg@rs rédeiving the
pressure varyi ng between about 103 kPa and 270 kPa,
el ssaepusticramisaionsrieansmitted bytthe itiansanitting statian, or
unit were transmtted through the gas in the pipeline
and were successfully received at a receiving station

at anph8uPesid REtaddng station aAduid raRsHftieg sedtiombéing

was a bal | -t%/pe sensor unit of the type shown in PCT
located at a known position on the pipeline and the other of said
receiving station and said transmitting station being located on

15 said object; and

clock means to determine the time taken for said acoustic
emissions to travel between the transmitting station and the

receiving station.

20
2. Apparatus as claimed in claim 1, additionally comprising
recording means associated with the receiving station to record
acoustic emissions received from the transmitting station.

25

3. Apparatus as claimed in claim 2, in which the clock
means comprises a clock associated with the receiving station,
said clock being adapted to record a time trace on the recording
means associated with the receiving station while recording

30 emissions received by the receiving station.



Publ i shed application WO 2006/ 081671 , rolling al ong
the bottom of the pipeline. The em ssions were 25 ns.
wo poobasigoh at a frequency of 65000 Hz. It is uPKiECa29d00891
that the invention has been-déscribed with respect to
speci fic enbodi nents, and that other enbodi nents wl|
be evident to one skilled in the art. The full scope
of the invention is therefore not to be Iimted by the
particul ar enbodi ments, but the appended clains are to

be construed to l‘%ive the. i nyentipn the full e%rote&it.i on
to whitch i fPParalis | 8% & Insc@im; 7Y Peeceding claim,

Appargaaqﬁoﬁg[y é&ﬁgﬁéiﬂgi an object in a pipeline,

conprising a‘transmtting station having neans for
transmtting in the pipeline acoustic em ssions having
a frequency in the range from 20 KHz to 200 KHz a
el (HOQEIBgMeTon aoragated i Ja EappBngsiaton to
recel Mddd BiBuStCldsioriiaritigthe tiahamilithatin. ! he
transmtting station, one o ald receiving station
and said transmtting station being | ocated at a known

positipon on the pipeline and.the other. of said

Fecel i ng APRAIAUS 1 P AR iy WHIER chen Slopl
| ocat gbpg %6}11?){%@5‘9%? glcﬁfi{d AS5O6iKtE Alth tt‘hed?r‘a‘ﬁ%miﬁiﬁg
the time taken for said acoustic em ssions to trave
bEl westatiohgsaidacieck theing axlaptedto seabrd Feetimeckeace oo the

st ati on. ) aratus as, cl ai. i claim1, ) .
S0 t Fabioafing BBARS | ARERIS Mk fhe RaRsaitiag station,while
ddi g 1867 . . 4
ot [ RRrARGEEHSoR Fotalel HrafiflitedB9ufd fransmitting

station.

15 6. Apparatus as claimed in any preceding claim, in which
the error if any between the reading of the clock associated with
the transmitting station and the reading of the clock associated
with the receiving station is known.

20 7. Apparatus as claimed in any preceding claim, in which
the object is an object which is capable of moving within the

pipeline.

8. Apparatus as claimed in any preceding claim in which the
25 object is a detector unit equipped with at least one sensor to

detect at least one anomalous condition within the pipeline.

9. Apparatus as claimed in claim 8, in which such sensor’s
output is recorded on a recording means.
30



3. Apparatus as clainmed in claim2, in which the clock

means conprises a clock associated with the receiving
wG@@visa1Ps sai d cl ock being adapted to record arP€T/GB2009/000891

trace on the recording nmeans3dssociated with the

recei ving station while recording em ssions received

by the receiving station.4. Apparatus as clained in

clai many preceding claim additionally conprising

recor i.ng Appastas sscélaieed W claimh®, hwhk)iri the ragpording

station to.record acoust cemSS|o éa”n‘ﬁ 2
t r ansEEPAY qugr{ec%r I%m@é MG A cl ai m
4, in which the clock means conprises a clock
associated with the transmtting station, said clock
bei ng1hdapApparatus éenlodating ianmavirgc ebjeat within acpipelime
nmeans assom ated with the transmtting station while
corEﬁ"HB 18Pssi ons received transmitted by the
transmttlng station. 6. Apparatus as clainmed in any
preceding claim in which the error if any between the
r eadi agtr(a‘nstr‘ri’éingl @ctaticmssoni auehl wbjdct t havingarmeans i far

stati n and,.t he. readi n t he cl ck associated with
the. rBBRFDIRG iy Fin FesiabuAcoustasIaRans diving a

cl ai ”ﬁQgttJéh\AﬂﬂM tRE®S %Q%WFQQ'KHZ td‘Z(WF‘KHiht he object is

an obje chis of noving within the

pi(el i ne 8. Apparatus as clainmed in any preceding

cl ai i.ch the object det ctor L ped

wi th st %@& P, BRoieted Wil exad dansuiting, SEatioR for

anoak aHSmRAY $4180 HbLMc" driiesBNBC Rt howh  HIHBE" & Ut

ascalrre Inclarm8 |nvvn|c such sensor'
predetermined intervals

15 a receiving station on the pipeline at a known location and
having an acoustic receiver capable of receiving the acoustic

emissions transmitted by the transmitting station,

second clock means associated with the receiving station to
20 determine the times said acoustic emissions are received by

said receiving station.

12. Apparatus as claimed in claim 11, including recording
means associated with the transmitting station to record

25 acoustic emissions sent by the transmitting station.

13. Apparatus as claimed in claim 11, including recording
means associated with the receiving station to record acoustic
emissions received by the receiving station.

30



output is recorded on a recordi ng neans. 10. Appar at us

as clainmed in claim9, in which the recording neans is
W bh@9ogsates r ecor di ng nmeans as cl ai med in cl ai mR2CT/€A2009/000891

Apparatus for locating a novdBg object within a

pi peline, conprising; a transmtting station on such

obj ect having neans for transmtting in the pipeline

acoustic em ssions having a frequency in the range

fr ohm 29. KHApparat(® aKchfairrfe'drilatany:c ofcdaimeans-13s imwhiiihe,gn

with sajd transmttjng station for transmttjng saj

acousWhiehe @ sPHRE it gRﬁoQﬁWﬁ%éh%r@ﬁd'W e@éttg?'mch)@&

Cnter _ L y _ . . _

nownsSRiRtel 3ot thadrshisi SRnblivartl BiE i & e,

of r ecleckiasgotibtedowithittie receiving statontis &newnt t ed by t he
transmtting station, second clock neans associ at ed
wWixh the receiving station to determine the tinmes said

acousykc igbﬁ%aggsj a8 IcFaifrReah 4 Spiditd’s § 982 Wvﬂﬂzh the

stati on. us as C

i ncl ugbjegt isaodeiectbrnesin eqaipped withdatwiekbt bhe sensor to
transmtti ng station to record acoustic em ssions sent

by t heetechatleast ong aspmaleys carditionwithi the pigelnaai med
in claim21l, including recording nmeans associated wth
the receiving station to record acoustic em ssions

recei Y6d bpppaeatas aeiclaintedsinadlaiom 164in WaRAr slichSséifsor's
clainmed in any of clainms 11-13, in which , in which

t he epWiputisregaydasbondhe reqasdingsaeans of clate 121 ock
associated with the transmtting station and the

readi ng of the clock associated with the receiving

stati op, i SAlsparfius as claimed in any preceding claim, in which
the means for transmitting acoustic emissions transmits

15 emissions having a frequency in the range from 20 KHz to 100
KHz.

18.  Apparatus as claimed in any preceding claim, in which
the means for transmitting acoustic emissions transmits

20 emissions having a frequency in the range from 30 KHz to 80
KHz.

19.  Apparatus as claimed in any preceding claim, in which
the means for transmitting acoustic emissions transmits
25 emissions having a duration in the range of from 1 millisecond to

200 milliseconds.

20. Apparatus as claimed in any preceding claim, in which
the means for transmitting acoustic emissions transmits

30 emissions having a duration in the range from 20 milliseconds to
200 milliseconds.



15. Apparatus as clainmed in any of clainms 11-14, in
whi ch the object is a detector unit equi pped with at

wo e@stisome sensor to detect at | east one anonaP@LIEA2009/000891
condition within the pipeliné4-16. Apparatus as
claimed in claim116, in which such sensor's output is
recorded on the recording neans of claim12. 17.
Apparatus as clained in any preceding claim in which
the neans for transmtting acoustic em ssions

transpits em ssions having,a frequenc he r.ange.
rom 36 K BPPaaIgD e oiagd T A Breednd delfeda Wich
any PpseRdhPatob it emibsi &ha ??édétﬁﬁﬂﬁtefdoéerjes of tones
transmtting acoustic emssions transmts em ssions
havi ngf differerddequenciest he range from 30 KHz to 80 KHz.

19. Apparatus as clained in any preceding claim in
ch the nmeans for transmitting acoustic enissions

t bt
ransgot s, ABpARIBaSSAYIRY A 4y BeceRg eI ARG HE

from1 ml econd to econ . Appar at us
as cl acowstic eméssjons areespagpdciraimone anwtheu:tbyt a peniod raf
for t ansmittin g ustic em ssions transnits

L NE

eni ss rBH'U &GP §PSPRSH in the range from 20

mlliseconds to 200 mlliseconds.2 1. Apparatus as
clainmed in any preceding claim in which each said
atbhusPBc eMpparaius i as a;laimedetreeitheeabfstﬂaiirrms 16f ot diGegsin

f differe frequenci e clams in
ony  pHokithg SFRHGR o aWIIEd (R0 S0ahidie cOetkedal gifs an
are SHﬁSﬁ%IJJso'@oﬂHﬁloﬁ”BS/hﬁte b&én@opeédu%@sothe transmitting

station to transmit an acoustic emission.

15 24. A method for determining the position of an object in a

pipeline which contains fluid, comprising;
transmitting in the pipeline acoustic emissions having a
frequency in the range from 20 KHz to 200 KHz from the object

20  within the pipeline,

receiving the acoustic emissions at a known position on or in

the pipeline,

25 determining the time taken for said acoustic emissions to travel
between the object and the known position, and

determining the speed of sound in the fluid in the pipeline.

30 25. A method for determining the position of an object in a

pipeline which contains fluid, comprising;



from1l second to 15 seconds. 23. Apparatus as cl ai ned

in either of clainms 15 or 16, in which the sensor is
weuweppems so that the detection of an anomal OUBCT/CA2009/000891

condition by the sensor causé§-the transmitting

station to transmt an acoustic em ssion. 24. A nethod

for determ ning the position of an object in a

pi peline which contains fluid, conprising;

transmtting in the pipeline acoustic em ssions having

a freguen n the,ran 200 K rom
the oBPERHRG it BPELnG nacopSis: SissaRe HRONL o
em ss§g gﬁeﬁé y fh H{@th{@ﬁ'bh 20 KKz % 200 KPe bmeh kRBwn
determining the tinme tTaken for said acoustic em ssions
t o tr positiobernveren theepipelinest and t he known position,

an% determ ning the speed of sound in the fluid in the
pipeline. 25. A nethod for determ ning the position of

an objgeiviny tﬁepédb@sh@%n’ﬂﬁ%léﬁs ‘éPﬂfpeg? Bject | ui d,

conprising; transmtting in the pi I'ne acoustic
en ssions having a frequency in the range from 20 KHz

to 20 Hz .f. k
ot pel RREETTREE DS 476 fakete s s 2@fals sfussigng fptravel
b ChetglrPHE Kidiph bBSibh BRUAKYbIAA! adi d acoustic

em ssions to travel between the wn' position and the
object, and determ ning the speed of sound in the

fluid,i the ellne ained in
b1 t norefhrmimnB B 5pO8d of Soun Ty jnectid i rebiein
em ssions have a frequency in the range from 20
26. A method as claimed in either of claims 24 or 25, in which

the acoustic emissions have a frequency in the range from 20
15 KHzto 100 KHz.

27. A method as claimed in any of claims 24-26 in which the
acoustic emissions have a frequency in the range from 30 KHz
to 80 KHz.

20
28. A method as claimed in any of claims 24-27, in which the
acoustic emissions have a duration in the range of from 1

millisecond to 200 milliseconds.

25 29. A method as claimed in any of claims 24-28, in which the
emissions have a duration in the range from 20 milliseconds to
200 milliseconds.

30. A method as claimed in any of claims 24-29, in which in
30  which each said acoustic emission is a predetermined series of

tones of different frequencies.



KHz to i OO KHz. 27. A method as clained in any of
clainms 24-26 in which the acoustic em ssions have a
WO e@gues1es) in the range from 30 KHz to 80 KHz.P@BCAZ009/000891
met hod as claimed in any of -ébains 24-27, in which the
acoustic em ssions have a duration in the range of
from1l mllisecond to 200 mlliseconds. 29. A nethod
as clainmed in any of clains 24-28, in which the
em ssions have a duration in the range from 20

Cl ai bk | nARG S 8 AAkeRn 2 o amERHID MaRhdaen

said i ey : . , .
¢ onesFoUie fmiiars, &% SSadbd Y ShBEeris 4 el of
cl ai niedm hsecgnafo tbaensndsl- 30 i n which the acoustic

enj ssions are spaced from one another by a period of
from 1 second to 15 seconds.



