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Abstract:

Carbon Capture and Storage is a technology to reduce greenhouse gas emissions.
CO:2 leak from high pressure GQransportation pipelinesanpose a significant threat
to the safety and health tfe peopldiving in the vicinty of the pipelines. This paper
presents a technique for the efficiémtalizationof CO» leakagein the transportation
pipelines usingcoustic emission methadth low frequency and narrow band sensors
Experimental test&erecarried oubn a lab scaléest rigreleasingCO» from a stainless
steel pipe Further,the characteristicef the acoustic emission signalse analyzed in
both the time andthe frequency domainsThe impact of using thdransverse wave
speedand the longitudinal wavepeed on the accuracy othe leaklocalization is
investigatel. Since theacousticsignak are expected tbe attenuated and dispersed
when propagatinglongthe pipe, empirical mode decomposition, signal reconstruction
and a data fusion meth@deemployed in ordeto extract high quality data faccurate
localization of the leak sourcelt is demonstrated thaa localization error of

approximatelyb% is achievable with theroposed detecting system.

Keywords: COo; Leaklocalization Acoustic emission; Empiricahode decomposition.

1. Introduction

Carbon Capture and Storage (CCS) is a major emerging technology to @fdice
emissions from power generation and other industrial procdssesiblesa sustainable
use of fossil fuels fopower generation ith a substantiallyedued level of emissions
of CO; into the atmosphere [1]. Transportation of CtBroughover long distances
pipelinesis anessentiapart of the CCS technology deliver the captured GQo its

permanent storagsites such as depleted oil and gas reservoirs andéep saline
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formations. However, any acidental leak from a CQ pipeline can cause direct
economic loss and environmentdamage When the pipeline is within a demge
populated area, CQOeak can posa significant threat to the safety and health of local
residents as COwill become toxic at high concentratiorig]. Therefore, it is
imperative to detectocateand stopanyaccidental leakf CO2 quickly when it occurs.

A number of methods have been proposedhe pastto detect toxic gaseak,
ranging from traditional manual inspection by survey crews to more advaned#iiesat
spectral imaging [%]. Sensors for CQ@ leak detection based on phyali¢6], chemcal
[7] and biologcal principles[8] have been proposed and develgseth as those based
on tracer gas, electromagnetic scanning, optical fiber sensing, infremedography
and flow equilibrium 9]. Recently, a miniaturized CGGsensor based on the princijpie
infrared absorption has been developed by Zhang €tG.The sensor consists of an
infrared source, an air chamber, an infrared receiver, and two sapphire windows.
Kasyuticha and Martin [ developed a C® sensing instrument based on direct
absorpion  spectroscopy. The instrumentconsists of a continuousvave
thermoelectrically cooled (TEC) distributed quantum cascade daskm optical cell.
Technologies based on vegetation response to leaketi&@® also been developed for
CO- leak detection usg spectral vegetation indicgs2] as CQ can deplete oxygen in
the soil.

The majority of thesaletectionsystens are, however, complex, cumbersome in
arrangemet and expensive to sep and operateln addition, studies condwed with
these technologies atesuallyused to detect leak in a specific place or a small scale
region thereforea large number of sensors are thus requitectover along pipeline
Very limitedresearch has been undertakanthe efficientdetection ad localizationof
COz leakfrom transportation pipelines.

Leak detection using acousamission(AE) sensorss a technology thatan sense
and locate leaks from pinhole size perforatiamacks anduptures in pipelinedt has
beenproposed and researchiedeak detection of naturglasand oilpipelines [B], and
in principle this technology may also muitable for CO, leak localization In
comparison with othetechniquesthe AE methodas advantagef nortrintrusiveness,
low cost, simple structurehigh sensitivity and easwstallation and thus has good
potentialfor CO. leak detection anldbcalization

Whenthe CO. leak occurs from a pressurized pipeline, a strong turbulent jet flow

may be produced together with a strong acoustic emission due to a sudden gregsure
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from the pipeline pressure to the environmei devices carbe used taletect and
locatethe souce of theleak based on the analysis of the acoustic signals recedved.
reference standard hbeenproposed foestablishingand evaluating AE equipment for
pipeline leak detection fil. This reference standard$ibeerproved to be valuable not
only for evaluating the AE equipment, but also for characterizirthe source
mechanisms as part of an integrated approaclasskessAE leak detection and
localizationtechnology.

The acoustic energy @f gaget usually has a wide spectral rangenirl kHz to 1
MHz, althoughthe majority of energyis confined to the moderately high frequency
band of175kHz — 750 kHz [15]. Mostafapour and Davoudi researched the vibration
behavior ofa gaspipeline & bar ar) using AE sensors with an operating frequency
range fron 50 kHz to 500kHz. They have found that the AE signabpturedare in the
range betweerl50 kHz and 300 kHz [16]. Therefore,most researchon this topic
focuses primarily on high frequency (00 kH2 AE sensors High frequency AE
sensorshave an advantage dfaving ahigh performance against ambient noise.
However, since the pipelines used to transport @@ typically long distance and can
attenuate a substantial proportion of the Higlgquency AE signalsf is believed that
the perfomance of lowfrequency AE sensors for the leak detection from @ipelines
is worth investigating

This paper presents the principle and application of AE sensors irowhe
frequency and narrow band fomfp distancdeak localizationon a CQ pipeline.Since
the AE signals are expected to be attenuated and dispersed along the pipksine w
which make the signals difficult toanalyze,empirical mode decomposition (EMD),
signal reconstruction and data fusion methodre deployed in order to accurately

locate the leak source.

2. Methodology
2.1. Acoustic emissiofrom a gas leak

Acoustic emission from a leakingipe is usually caused by the high pressure
turbulent jet flowthat is producedhrough ahole or crack on th@ipdine. The AE
signal normally has awvide frequency banthut has a close&orrelationwith the flow
conditionsand the characteristics of the pipeline contains unique features of the
sourceof the leak, such as the sizgf the holeand the distancéhat the signal has

traveled through from its source, andtherefore using a correct signal processing
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algorithm the leak can be detected and located accurately.

Coupling Layer

Data <] Signa

——— > Amplifier —— Acquisition [ 2/| Pr ing

Leak
Location

Fig.1. Principle ofthe leakocalizationsystem based on AE method.

Fig. 1 shows the principlef the leaklocalizationsystembased on the AE method.
Whenaleak occursn a pressurized COpipeline, the AE signal generated propagates
along the pipeline and can be picked up by AE sensors installed on the pipeline wall.
The signals receiveareamplified and processed to locate the source of the leak.

The AE sensor is a key component of the léadalization system. The sensor
selection should be based on the frequency range of the signal Hathend its
characteristics ofpropagation. High frequency sensors have a clear advawofage
immunity fromthe ambient noise which usually distributes in the low frequency range
Common ambientnoise comes from pedestrians and motor vehglaround the
pipelines androm the operation ovariousvalvesin the pipeline. However, as the
pipelines used to transport @Q@re very long, high frequency AE signals can be
seriously attenuated during propagation and thus become very difficult to pisleup
long distanceEarlier researcltompare the attenuations of high and low frequency
signals along a steel pipeline of 159mm external diameter and 4mm wall thifkrss
as shown in Fig2. The AE source was simulated by Nieldésu Pencil Lead Break
Test [L8]. The signals producederedetected bysinghigh and low frequency sensor
with resonant frequencies 80 kHz andL50kHz, respectively.
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Fig. 2. AE signal attenuation on a pipelii&].

The strength of the signal received by the high frequency s¢bhSorkHz) has
dropped byover 50% in less #m 20 meters and it cannot be detected anymore using
this sensor after 20 meters away from the source. On the contrary, the stremgth of t
signal received by the low frequency san&® kHz) decreaes moderately and can still
be picked up by the sensor with a relatively high intensity even over 45 meters away,
showing a significant potential of low frequency sensors for-lisance pipeline leak
detection.

In addition to the signal attenuation, the AE signal will be dispersed when
propagates along the pipeline wall. Dispersion makes the AE signal produeater g
distortion and cause additional difficulty in locating the source of the legk3 Bhows
an AE signal dispersion in a 1mm thick aluminum pkd@eported by Wilcox, etla
[19]. It can beseenthat the original signal waveform has been seriously distorted with
the increase in both the distance and the time of the propagation. The dispersion
increases the duration and decreases the amplitude of the wave gatkieismakes
the recognition and extraction of the characteristics of the signals moreiltiffiter
they havetravelled overa long distance. Therefore, mode decomposition and signal

reconstruction should be considered in order to locate the leak accurately.
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Fig. 3. Schematic diagram of AE signal dispersion: (a) close to the s¢hy&8,mm
from the source and (600mm from the sourcgl9].

2.2. Empirical mode decomposition

The attenuation and dispersion of the AE signals usually result in a small
correldion coefficient leading to &rgelocalizationerror. Thereforgit is not accurate
or sometimes even not feasible to locate the leak source by cross correlatifg th
signals directly. In order to solve this problermppropriatemode decomposition
algorithmis necessaryEmpirical mode decomposition (EMD) is one of the effective
approacheso processing notinear and norstationary signals. It is an adaptive signal
processing method which does not need priori informa#ibaut the signal to be
proessed. The leak AE signal have obvious nolmear and nosstationary
characteristicand can belecomposed in both time and frequency domains EsihiD.

EMD is usually realized by taking the signal as being composed of a séries
oscillating components, referred to as IMFs (intrinsic mode functiongingtion is
called an IMF when it satisfies the following two conditio2q]{

Condition(i) The number of IMF extrema (the sum of the maxima and minima) and
the number of zero-crossings must either be equal or differ at most by one;

Condition (ii)) At any point of an IMF, the mean value of its upper envelope and
lower envelope shall be zero.

Condition (i) is to assure that the signal has a narrow band characteristic, and
Condition (ii) is to assure that the instantaneous frequency will not have the unwanted
fluctuations induced by an asymmetric wave.

The computational process of the EMD is as follows [2];, 22
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(i) For a signal X(t), let m(t) be the mean value of its upper and lower envelopes as
determined from a cubispline interpolation of local maxima and minima.
(i) Computehy(t) as follows:

hy(t) = X(t) - my(t) 1)
(ii) If hy(t) satisfies the definition of an IMF given above(t) will be the first
oscillatingcomponent, IMF1. If not, theh(t) will be treated as a new signal X(t)
and repeat the steps (i) and (ii) unti(th satisfies the definition of an IMF.
(iv) Calculate he residual by sultracting the first IMF componet (t) from X(t):

() = X () -h(t) 2)
(v) Letr(t) be the new signaX(t), repeat the steps) ¢ (iv), and then separate the

new IMF components as follows:
(1) = () —hy(t)
(3)
r.(t)y=r_,(t)—h,@t)
The above decomposition process will teeminatedif the final residual of the
signal, rn(t) or ha(t), is less than a prescribed value raft) become a monotonic
function. Then the original sign& (t) can be represented by the sum of all the IMF

components and the final residuét) as follows:
X(t)=> h®)+r,t) (4)
i=1

In this paper, EMD is employed to decompose the leak AE signal in order to
remove the noise and extract the signal featukeeconstructedsignal based on the

signal featuress used to locate the leak source

2.3. LeaKocalization

Leaklocalizationbased orthe AE method usually usespair of AE sensors. Figh
shows the commoarrangement of the twsensorsi.e. one on eachide of the leak
hole.



©2016. This manuscript version is made available under the CC-BY-NC-ND 4.0 license
http://creativecommons.org/licenses/by-nc-nd/4.0/

Sensor 1 Leak hole Sensor 2
f1 ~ 2 QA
7
< B 4 CO2 pipeline
d
D

Fig. 4. Schematic diagramf the sensing arrangement

In a gas releasing test, the locationtlté source can bdeterminedby calculating
the time difference between thievo AE signals If the speedof the AE wavetraveling
along the pipe wall is knowrthen the distanced, of the sourcefrom Sensor 1lis
calculatedrom:

_ D-vAt
2

whereD is the distance between the two sensois,thespeedof AE wave travelling

d

()

alongthe ppeline, and\t is thetime difference of theawo AE signals. Clearly, the two
key tasks of this localization method in the experiments are to meas\sgetidy and
the time differencat.

Typically a gas leak produsdwo types of AE wave, i.e. transverse wave and
longitudinal wave, both of which propaga&ong the pipeline and can detectedby
the AE sensors. Thepeed of the AE waves can usually be acquired by querying the
technical manual of the pipelifi23]. However, due to the complex design and structure
of the pipeline, thespeedof AE wave can changalong the pipelineevenwhen the
same materiais used for the entire pipelif@4]. Therefore, thespeedmeasurement
should take into consideration the influence of bpthe materias including its
inhomogeneity and the structure of the pipeline.

In this paper, thespeedof AE wave is measuretihroughthe NielseAHsu Pencil
Lead Break Tesfl18], which can produce a pulse signal with a sharp rising front edge
and an exponential attenuation decline period afterwards.

The time difference is estimatédaroughcross correlatiocomputatior{25]:
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wherexx andyx denotethe two AE signals received by ttwo sensorsandN is the

length ofthe signal The time difference corresponds to the locatiorthefdominant
peak in the corrakion function Ry[m] whilst the peak value is the correlation

coefficient representing the similarity thetwo signals

3. Experimental system

In order to analge the characteristicef the AE signak due toCO» leak andto
evaluatethe AE methodor identifying thelocation of the leak source, experimental
work was carried outon a sixmeterlong stainless steel pipeline 80 mm external
diameter and mm wall thickness. A continuous release of £4D a pressure @bar
from a2 mmdiameter hole on the pipeline waieated Fouridentical AE sensors were
mounted sequentiallyalong the pipeline using adhesive tape and vacugmaase
couplant. The AE signals were paeplified usingsmart AE amplifiers with a
bandwidth ofl0 kHz—1 MHz and a gain oft0 dB. A 4-channel holographic ABgnal
analyzer(DS-8A) was used for waveform acquisition at a sampling rate00fkHz.
Theschematiand thetest rigfor the CO> leak detection systeemployedareshown in

Fig. 5 andFig. 6.

3

| Holographic AE Signal Analyzer |

| Pre-amplifier “ Pre-amplifier | |Preamp|ifier| |Preamplifier|
CO, p
Cylinder o - o 1 ressur e gauge
Leak hole )ém: Bxhaust
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Reducing Ball Ball
Valve Valvel im im im Im Im Valve?2
—b— — b —b—

6m

Fig. 5. Schematic of the experimentaD- leak detection system
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Holographic AE
Signal Analyzer

Pre-amplifier ‘

o o | A

CO, [
. acuum Grease ~
Cylinder Couplant o '
Fig. 6. Test rig for the CQ@Ileak detection system

The AE sensoraused are SR40M and supplied by Soundwel Techno@myl td
with a low frequency and narrow band. The sensor specificationtyicdl frequency
response characteristiase shown in Table 1 arg. 7.

Table 1

Sensor specifications

Sensor mdel SR40M
Dimension DIA*HT (mm) 22*36.8
Operating TemperaturéQ) -20-120
Interface Type M5-KY

Operating Frequency Range (kHz 15-70
Peak Sensitivity (dB) >75

10
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Fig. 7. Frequency response of the SR40M sensor.

Fig. 7 showghis sensor has a good sensitivity (088rdB) in the frequency band
from 15 kHz to 70 kHz. In this frequency band, the sensor edfectively avoid the
influence of theaudible sound.

4. Experimental results and discussion
4.1.Measurement of the AE wave speed

In order to measure thepeedof the AE wavetravelling on the pipavall, an AE
source was simulated bgonductingthe NielseAHsu Pencil Lead Break Testhe
location ofthelead break point was betwesensor 2 and the leak hole. Serssdand 3
on the same side of the lead break poidre selectedo receive the AE signal
generatedbecause ltese twosensorsare in the middle part of the pipeline and can
effectively avoid the effect dhe echo from the end of the pipge. An HB pencil with
a diameter of).5 mm was used to generate an AE wave. The pencil lead was placed at
an angle of approximate 30 degrees with the pipeline surface and the length of the lead
was 2.5 mm. Fig. 8 shows he pencil lead break testndresuting waveforms received
by sensors 2 and 3.

11
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Fig. 8. Rencil lead break test

As discussed in the previous section, two types of AE wavepreilagatealong
the pipdine, i.e. transverse wave and longitudinal waikese two types of waves are

clearly seernn Fg. 9.
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Sensor 3
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i

Fig. 9. Zoomedn waveformsfrom thepencil lead break test

The longitudinal wave usually hashégher speed and lower amplitude than the
transverse wave. Thus, it can be received earli¢ghdgensors. The arrival time of the
transverse and longitudinal wavean be easily distinguished from tlzeomedin
waveforms.Fig. 9 also indicateshatthe noise of the detection system is very lgith
amaximal amplitudeof no greater tha mV.

Since he distance between Sensors 2 and 3 is kr{aven). Therefore the spesdf
the transverse wave and the longitudinal wave can be calculdtedead break tests
were repeated 10 timeBhe average speeds of flbagitudinal and transverse wavare

found to be5070 m/s and 3268 m/s respectively The impact of using these two

12
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differentspeed®n the accuracy dhe leaklocalizationwill bediscussed later

4.2. Characteristics of the leak AE signal

A set of leak experimentsasdesigned andonductedo studythe characteristics

of the AE signal During the experiments, the pressure regulating valve

maintained the

pressure in the pipeline atar. The AE signalsvererecordedasshown in Fig. 5. The

time domain waveforms and frequency spaaif the AE signalsfrom the four sensors

areplottedin Hg. 10andFig. 11, respectively.
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Fig. 11. Fequency spectra of the signals
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From thefrequencyspects, it can be seen that the energlythe AE signals
concentrates theband of40 kHz to 70 kHz. It demonstratethatthe AE sensors have
a good performance to detect low frequency and narrow band signals.

It can be seen that the signal fre@nsor 4has he lowestin amplitude(Fig. 10
because sensor 4 is the farthest from the leak sanctéencehe strongesattenuation
of the signal. The same trend is evidenthe frequency domain (Fid.1). The degree

of attenuation of the AE signals can be quantified in terms of signal energy:

N-1
E=>) x° @)
n=0

wherex, is thesampledAE signal. The energiesf thefour AE signals are shown ind:
12.

20

0 I I I I
1 2 3 4

Sensor Number

Energy (arbitrary scale)
= [
o (6]

)]

Fig. 12.Energiesof the AE signals.

Fig. 12 showghat signals from sensors 1 and 2 have higher energies than those
from sensors 3 and Queto the linearinstallationof the sensoron the pipelinewe
can conclude that the leakurce should blecateal betweersensos 1 and 2 Localizing
the sourceof the leak requiresfurther analysis using signal decomposition and

reconstruction techniques.

4.3. Empirical mode decomposition of the AE signals
The original AE signals are decomposed in both time and frequency dousiig
the EMD methodasdiscussedn the previous sectioiThe EMD can separatke major

14
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energy components @afsignal from the rest ahe signal in particulay those originate
for various noises. The major energy components of the signal can be used to estimate
the location of theleak source.Fig. 13-16 show the decompositioresults of the

original signaldrom the four sensors.

o e e R ]
L i - =R TR ]
L Bo = STV ]
Ty R 9 ]
] E—— 4
tp———————— Lk 4
e ——— I T ]
® 1
e é%}k ]
M .
Time (ms) Frequency (kHz)

Fig. 13.EMD results of the signal from sensor 1.
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Fig. 14.EMD results of the signal from sensor 2.
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Fig. 16. EMD results of the signal from sensor 4.

It can be seefrom Fig 13-16that eight IMF components together with a residual
Rn have been generated for each AE signal received. In the time d{pt@swon the
left-handside of Fig. 13-16) the amplitudes of all the IMF components decrease by
several orders of magnitudes from the highest value in IMRietlowest in IMFS8. In
the frequency domain, the same trend is observed, i.e. IMF1 has the highest

instantaneous frequency and IMF8 has the lowest instantaneous frequency. Therefore

=

6
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IMF components that contain low values of the signal magnitude and frequency can be
safely ignoredSuchcomponents are more likely produced from various noise sources
as indicated irrig. 9.

Furthemore the energyatio ofeach IMF component can be calculated as follows:

1 N-1 5
e :ﬁZh(m) (8)
m=0
s = x100% ©

Z;,E

where hi(m) stands for the™ IMF, N is the length of the signaEivri and RivF i
representhe energy othei IMF and its energy ratioThe result@resummarizedn
Table 2. It can be seen that IMF1 and IMF2 contain over 98% of the energy in each

signalandhencereflectthe main information of the signal.

Table 2
Energyratio of eachIMF componen{%).

River  Rivr2  Rivrs R ivF 4 Rives  Rimre  Rive7 Pimrs
Sensor1l 92.46 6.37 0.91 0.17 0.04 0.02 0.02 0.01
Sensor 2 94.53 4.81 0.48 0.09 0.04 0.02 0.01 0.01
Sensor3 94.72 4.50 0.59 0.11 0.03 0.03 0.01 0.01
Sensor4 93.19 5.59 0.92 0.20 0.05 0.02 0.02 0.01

Therefore, a new signa reconstructed using IMF1 and IMF2 only to represent the

original signal, and the low energy components casalfely ignored

Shew=IMF1+IMF2 (10)

Fig. 17 shows thevaveforms of the reconstructsjnals.
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Fig. 17. Reconstructedvaveforms for the AE signals

Fig. 18 shows the arrelation functions between the reconstructed signaisni

sensor 1 andensors 24 and theresulting correlation coefficients ar6.71, 0.50 and

0.48, respectivelyit is suggeste thatsensors 1 and 2how the strongestorrelation

while sensors 1 and 4 show tiveakest correlation.
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Fig. 18. rrelationfunctionsbetweersignals from sensor 1 and other sensors.

The location of the dominant peak on thiene axis in the correlation function

represents théme difference(4t) betweenthe two signals4t is used to calculate the

location of thdeak sourceusing equation (5together with thespeed of the AE wave
obtained from théNielserHsu Pencil Lead Break Tes{Section 4.). Tabk 3lists the

distancdifference Ad, andthelocalizationerrorsusing different pias ofsensors.
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Table 3
Localizationerrorsusing different pairs of the sensors.
Sensor  Correlation Acoustic Wave Time Distance  Error  Sensors Relative
Par Coefficient Speed difference  difference (m) Spacing Error
(mis) (ms) (m) (m) (%)
Longitudinal (£70) 0.01 0.01 0.5
land?2 0.71 Transverse (@68) 0.002 0.01 0.01 2 0.5
Longitudinal (£70) 132 0.32 10.7
land 3 0.50 Transverse (@68) 0.26 0.85 0.15 3 5
Longitudinal (B70) 248 048 12
land 4 048 Transverse  (@&8) 0.49 1.60 0.40 4 10

It can be seen froMable 3 thathelocalizationerrorusing sensors 1 aritlis much
smaller tharthe other twopars. This is because sensors 1 amat@symmetrical about
the leak hole. Therefore thieo AE signals have the same degree of attenuation and
dispersion which makes them have the strongest correlation.rddu# reflects to
some extenthe influence of the signal attenigat and dispersion along the pipelioe
the quality of the signaldVith increagng asymmetry of the sensovéth referenceo
the leak source, the correlatbetweenthe signals becomweak and thdocalization
errorsincrease

Table 3 alsshowsthat, in the case of sensfland2, thelocalizationerroris same
whenthe transversavave spee@nd longitudinalwave speed are usetHowever, wth
increatng asymmetry of thesensors’locationswith referenceto the leak sourge.e.
sensors 1 and 3en®rs 1 and 4the localizationerror is smallerwhen thetransverse
wave speeds used instead dhe longitudinalwave speedThe reasosfor thisis that
the longitudinal wave usually haghe lower amplitude than the transverse wave, so it
only accourd for a smalér proportion inthe AE signalalthoughits speeds higher as
seen inFig. 9. In addition, the longitudinal wavwean propagaten solid, liquid and air
while thetransverse waveanonly propagaten the solid pipelinevall. Therefore the
longitudinal wave hamore energyattenuatiorthan the transverse wave.

The results infable 3 show a good consistency betweerctreeslation coefficient
and the accuracy of the localizatjore.the bigger ofthe correlatiorcoefficientbetween
a pair of signals, the more accuratethe leak location resulSincethe sensor array
will be installed in theindustrial processesa data fusion methodaked orcorrelation
coefficient of the signals should be a reasonable and effective agpptoaaccuraly

locdize the leak source. The weiglbefficient ui and localization error & can be
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calculatedusing equations (11) and (12), respectively, as follows:
&= ZUigi (12)

I.
U =— (12)
f
i=1

wherer; ands represent theorrelation coefficienandtheerrorusedtheit par of the
AE sensorstespectively

This data fusion methaddlly considers the reliability of measurement results from
multi sensorsThe localizationerror is4.5% when the transverse wave spesdised
and6.8%when thdongitudinalwave speeds used The results showhat thetechnique

has a good performaa in the leakocalization

5. Conclusions

In this paper investigations have been carried out experimentally qotéetial
useof low frequency and narrow band AE sendorghelocalizationof accidentalCO>
leak from long distance transportation pipelindhe influence of signal attenuation
and dispersion have been effectively minimized usitige empirical mode
decomposition technologwhich hasshown a good performance in processing the
nondinear and nosstationay AE signals. Nely reconstructed AE signglbased orthe
main energy componentef the IMF, i.e. IMF1 and IMF2 (up to 98%Mhave been
employed to predict the location of the leak through cressrrelation of the
reconstructed signal3.hereis a good cosistency between the correlation coeffitien
and the accuracy of the le&dcalization When the two AE sensoese symmetrically
installed about the leak sourdbe maximal correlation coefficient lebeen obtained
andthe localizationerroris lessthan P6. With anincreagng asymmetry of the sensor
installationswith respect to the source of the ledle correlation between the signals
bemmes weak and thdocalization error increase Furthemore the speedof the
transverse and the longitudineaves aremeasured using the Nielsétsu Pencil Lead
Break Test.These speedsave been used to determitie location of the lealt is
observed that thiecalizationerrorsaresmaller when thé&ransversavave speeds used.
Finally, adata fusionmethod based on the correlation coefficidmsbeen employed
The results havelemonstratedhat the system givea localizationerror of 4.5%. In

summary,low frequency and narrow band AE sensors together etbirical mode
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decomposition andignalreconstructiorhavea goodpotentialto localize leaks frona
long distanceCO; pipeline.
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