International

Standard

ISO 180981
Non-destructive testing — Acoustic Second edition
emission testing (AT) — Leak 2024-07
detectign by means of acoustic
emission
Essais non destructifs — Essais d’émission acoustique —
Détection de fuiites par émission acoustique

Reference number
© 1SO 2024

ISO 18081:2024(en)



https://standardsiso.com/api/?name=93558fcbdc0da1387d9b64370b626d13

ISO 18081:2024(en)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2024

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

© IS0 2024 - All rights reserved
ii


https://www.iso.org
https://standardsiso.com/api/?name=93558fcbdc0da1387d9b64370b626d13

ISO 18081:2024(en)

Contents Page
FOT@WOIM. ... v
1 SCOPI@ ...t 1
2 NOTIATIVE FEEFEI@IICES ...t 1
3 Terms and defIMETIONIS ... 1
4 Qualification of test personnel
5 Principle of acoustic @miSSION EESTIMEG ... 2
51 The acoustic emiSSION PRENOMEIION. ... 2
5.2
5.3 Influence of pressure differences
5.4 Influence of geometry of the leak path ...y o e 4
5.5 Influence of wave propagation. ...y e W 4
Apjtlications ......................................................................................................................................................................................................................... 5
TeSting @QUUEPIMEIIT ... g i 5
7.1 General requirements Y 5

10

11

7.2 SEINISOTS .. B I 5
7.2.1 Typical frequency ranges (band widths)...... B I 5
7.2.2  Mounting technique.........ccccien B I 6
7.2.3 Temperature range, wave guide....... N I 6
7.24  INETINSIC SALELY ..o st 6
ARSI 10000 155 Y =10 BEST=) 4 U] ) SO e SRR RS 6
7.2.6  Integral electronics (amplifier, RMS conyerter, ASL converter, band pass) .| ...c...... 6
7.3 Portable and non-portable AE iNStrUMeNnts . ah e 7
7.4 Single and multi-channel AT INSTIUMENTS (b oo o 7
7.4.1 Single-channel instruments B I 7

7.4.2  Multi-channel INSErUMENTES ... .| oo 7
7.5 Determination of features (RMS, ASLEvs. hit or continuous AE vs. burst AE) ... | 7
7.6 System verification using artifigial leak noise SOUICES ... 7
Test procedure for leak deteCtion' . ...
8.1 Mounting of Sensors...... M.

8.2 Additional features to/be*determined
8.3 Background noise

8.3.1  General ..(.)

8.3.2 Environmental noise...........c.... .

8.3.3  PrOGESS IOISE ..ooooooeec i
8.4 Data@ QCQUESTEION ..o
LOGAtION PIROCEAUIES ...t
9.1 GEIMEIAL ...t
9.2 Single-sensor location based on AE wave attenuation ...

9.3 Multi-sensor location based on At values (linear, planar)

9-3-t—Threshotdtevetamd peaktevet timming techmique—————————

9.3.2  Cross-correlation tEChNIQUE ...
DAtA Pr@SEIMEATION ... 12
10.1 Numerical data presentation (1€Vel METET). ... 12
10.2  Parametric dependent fUNCTION ..o 12
10.3  FT@QUENCY SPECTITUITL oot 13
Data INEEIPIETATION .....ooccco e
11.1  Leakvalidation

11.1.1 On-site (during test) and off-site (POSt @aNALYSIS) ... 13

11.1.2  Correlation With PIrESSUIE. ...

11.1.3 Rejection of false indications
11.2  Leakage rate @STIMATION ...

© IS0 2024 - All rights reserved
iii


https://standardsiso.com/api/?name=93558fcbdc0da1387d9b64370b626d13

ISO 18081:2024(en)

11.3  Demand for fOIlOW=UP ACTIOMS ... 14
12 Quality management AOCUIMEIIES ... s 15

T2.1  T@ST PIOCEAUIE ..o 15

12,2 ST IIISTIUCTION e 15
13 Test documentation and FEPOTTIIE ... 16

13.1 Test documentation

13,2 T@ST TP 0T e
Annex A (informative) Example applications of leak detection...............ceeeee 18
BIDLEOGIAPIY ... 31

© IS0 2024 - All rights reserved
iv


https://standardsiso.com/api/?name=93558fcbdc0da1387d9b64370b626d13

ISO 18081:2024(en)

Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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hent was prepared by Technical Committee ISO/TC 135, Non-destructive testing, Sub

Lommittee CEN/TC 138, Non-destructive tésting, in accordance with the Agreement o
n between ISO and CEN (Vienna Agreemient).

hanges are as follows:

|1 has been improved;

\T equipment” has.béen replaced by “AE instrument” in the whole document;
system” has been replaced by “instrument” in the whole document;

|2 showingyan adjustable air jet has been added;
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editorial corrections throughout the document.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Non-destructive testing — Acoustic emission testing (AT) —
Leak detection by means of acoustic emission

1 Scope

This document specifies the general principles required for leak detection by acoustic emission testing (AT).
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essure differences appears and generates acoustic emission (AE).

s phenomena of the AE generation and influence of the nature of fluids, shape lef thd
n and environment.

ent application techniques, instrumentation and presentation of AE restdts are disc
'e guidelines for the preparation of application documents which deScribe specific re
lication of the acoustic emission testing.

ves procedures for some leak-testing applications.

ative references

ing documents, in whole or in part, are normatively referenced in this docume
ble for its application. For dated references, only:the edition cited applies. For undated
dition of the referenced document (including.ahy amendments) applies.

on-destructive testing — Qualification and ¢ertification of NDT personnel
Non-destructive testing — Acoustic emission inspection — Vocabulary
73, Non-destructive testing — Geneéral terms and definitions
Non-destructive testing —lerminology — Part 1: General terms
INon-destructive testing.—Terminology — Part 2: Terms common to the non-destructive test}
Non-destructive testing — Terminology — Part 9: Terms used in acoustic emission testin
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3 Term

Non-destructive testing — Acoustic emission testing — Generdl principles

s and definitions

For the purposes of this document, the terms and definitions given in ISO 12716, ISO/TS 18173, EN 1330-1,

EN 1330-2

and EN 1330-9 apply.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/
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NOTE The definitions of leak, leakage rate, leak tightness are those defined in ISO 20484.

4 Qualification of test personnel

It is assumed that acoustic emission testing is performed by qualified and capable personnel. In order to
prove this qualification, it is recommended to certify the personnel in accordance with ISO 9712.

5 Principle of acoustic emission testing

5.1 The acoustic emission phenomenon

See Figure/T.
P1 > PZ

1 —~—1

Ea
<>>

~ e

S 2
/
Key
1 fluid d main dimension of leak orifice
2  AE sensor I wall thickness
P, pressure on side of flid U  leaking fluid

P, pressure on sideof Sensor

Figure 1 — Schematic principle of acoustic emission and its detection

The continuous acoustic emission in the case of a leak, in a frequency range, looks like an apparent increase
in background noise, depending on pressure.

5.2 Influence of different media and different phases

The detectability of the leak depends on the fluid type and its physical properties. These will contribute to
the dynamic behaviour of the leak flow (laminar, turbulent) (see Table 1).

© IS0 2024 - All rights reserved
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cf;l?s-e Parameter Higher activity Lower activity
Test media gas liquid
two phase
5.2 Viscosity low high
Type of flow turbulent laminar
Fluid velocity high low
5.3 Pressure difference high low
Shape of leak crack like hole
5.4 Length of leak path long shprt
Surface of leak path rough smagoth
In contrasf to turbulent flow, the laminar flow in general does not produce detectablé.acoustic emission
signals.

Acoustic efnission in conjunction with a leakage is generated by the following:

— turbul
— fluid fi
— cavitaf
— the pre¢
— backw
— gaseou
— pulsat
— explos
— shock-
— vapori
The freque

Cavitation
caused by {

The relativj

The acoust

ent flow of the escaping gas or liquid;

iction in the leak path;

ions, during two-phase flow (gas coming out of solution)hrough a leaking orifice;
bssure surge generated when a leakage flow starts of\stops;

ash of particles against the surface of equipmentbeing monitored;

s or liquid jet (verification source);

ng bubbles;

jon of bubbles;

bubbles on the walls;

zation of the liquid (flashing).

ncy content of cavitation may comprise from several kHz to several MHz.

urbulence.
e content.in gas or air strongly influences the early stage of cavitation.

ic wiaVes generated by leaks can propagate by the walls of the structure as well as t

fluids insid

(SH

results in a burst emission whose energy is at least one order of magnitude higher than that

lrrough any

Acoustic waves are generated by vibration at ultrasonic frequencies of the molecules of the fluid. The
vibrations are produced by turbulence and occur in the transition between a laminar and a turbulent flow

within the

leak path and as these molecules escape from an orifice.

The acoustic waves produced by the above-mentioned factors are used for leak detection and location.

5.3 Influence of pressure differences

The pressure difference is the primary factor affecting leak rate. However, the presence of leak paths can

depend on

a threshold value of fluid temperature or pressure.

© IS0 2024 - All rights reserved
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Pressure-dependent leaks and temperature-dependent leaks have been observed, but in extremely
limited number.

Pressure-dependent or temperature-dependent leaks denote a condition where no leakage exists until
a threshold pressure or temperature is reached. At this point, the leakage appears suddenly and can be
detectable.

When the pressure or temperature is reversed, the leakage follows the prescribed course to the critical
point at which leakage drops to zero.

Temperature and pressure are not normally applied in the course of leak testing for the purpose of locating
such leaks. Instead, they are used to force existing discontinuities to open, so as to start or increase the
leakage rate to point of detection.

An exampl
pressure.

Sound way
pressure d

Therefore,
taken into

5.4

The AE int
is generall

verification.

The main
leak path.

5.5 Infl

are similay
are also ca

Waves thaf
additions }
the second|

Incident wj
incident, r¢g
the inciden

The follow

Inflyence of geometry of the leak path

:Le
Acoustic emission signals are the response pfa'sensor to sound waves generated in solid media. T

Ie of this effect is the reversible leakages at seals below the service temperature and

es emitted by a leak will normally have a characteristic frequency spectrum. depeng
ifference and shape of the leak path.

hccount when selecting the instrumentation.

ensity from a natural complex leak path (e.g. pinhole corraesion, fatigue or stress corros
 greater than that produced by leakage from an artificial source, such as a drilled hg

parameters defining the complexity are the cross section, length and surface rough

nce of wave propagation

to the elastic waves propagated-in gasses and fluids but are more complex because s
pable of transmit shear force!

encounter a change in media in which they are propagating may change directions o
o reflection, the interface causes the waves to diverge from its original line of flight o
medium. Also, the‘mode of the wave can be changed in the reflection and/or refractio

aves upon an‘interface between two media will reflect or refract such that direct

t wave ispropagating and the normal to the interface.

ng faetors are important to acoustic emission testing:

or service

ling on the

the detectability of the leak depends on the frequency response of-the sensor and this shall be

ion cracks)
le used for

hess of the

hese waves
olid media

" reflect. In

Ir refract in

1 process.

ons of the

flected and.refracted waves all lie in the same plane. This plane is defined by the line along which

a) wavef

rnpagah'nn hasthe maost cigniﬁ'r‘anf influence on the form of the detected cigna]c;

b) wave velocity is key to computed source location;

c) wave attenuation governs the maximum sensor spacing that is acceptable for effective detection.

The wave propagation influences the received waveform in the following ways:

d)

propagation paths of different lengths;

e)

boundaries, can be caused by the structure itself, for example, spiral paths on a cylinder;

© IS0 2024 - All rights reserved
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separation of different wave components (different modes, different frequencies) travelling at different

velocit

ies;

wave attenuation (volumetric dispersion, absorption, as well as attenuation due to the effects given in
5.5d) and 5.5 f)).

The wave attenuation is influenced by liquids inside a structure or pipe, which will assist in the propagation
of acoustic waves, while liquids (inside and outside) have a tendency to reduce the detectability of the
acoustic waves.

This effect will depend on the ratio of the acoustic impedances of the different materials.

The sound wave inside will be used normally for the detection of AE sources over long distances because of

the low soy

6 Applications

Acoustic ey

equipment|in industry and research fields.
AT is used |n following areas:

a) pressure vessels;

b) pipe and piping systems;

c¢) above ground storage tanks;
d) underground storage tanks;
e) boiler rums;

f) Dboiler fubes;

g) autoclaves;

h) heat exchangers;

i) containments;

j) valves

k) safety|valves;

1) pumps;

m) vacuuin systems,

7 Testing-equipment

ndattanuation af mact liagnide

Trerorrte ot o o I oot rrererreroT

nission testing (AT) provides many possibilities to detect leaks from pressurized and af

7.1 General requirements

mospheric

The testing equipment (hard and software) shall be in accordance with the requirements of EN 13477-1 and
EN 13477-2.

7.2 Sensors

7.2.1 Typical frequency ranges (band widths)

The optimum frequency range for leak detection depends very much on the application, the fluid type,
pressure difference at the leak, the leak rate, and the sensor to source distance and more.

© IS0 2024 - All rights reserved
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For example, the optimum frequency range for tank floor leak detection of atmospheric tanks is around 20 kHz
to 80 kHz, because the source to sensor distance can be large and at these frequencies the attenuation is low.

The preferred frequency range for high pressure piping leak detection may go up to 500 kHz for optimum

signal-to-n

oise ratio in presence of background noise.

Leak detection at pipes for low pressure (e.g. water supply) is typically performed at frequencies down to 5 kHz.

a)
b)

Usually, a sensor shall be in direct contact to a test object.

transfer.

c¢) Durab

lity. consistency and chemical composition of the couplant shall comply with the dur

Then a coupling agent shall be used between the sensor and the test object for optimum and stable wave

tion of the

monitg

7.2.2 Md
The mount

For a tem
mounting {

For perma

ring, the temperature range and the corrosion resistance of the test object.

unting technique
ing method is influenced by the duration of the monitoring.

borary installation on a ferromagnetic test object, a magnetic hplder may be the
ool.

hent installations, sensors may be fastened by metallic clamps apbonded to the test ob

suitable adhering coupling.

723 Te

The operat
object, oth

7.2.4 Inf

If the sensq
ATEX Dire
at the loca
proof insta

7.2.5

a) Ifthes

to atle

b) Sensor

7.2.6 In{

Passive se

mperature range, wave guide

ing temperature range of the AE sensor shall meet¢he surface temperature conditions
brwise waveguides shall be used between sensor-and test object.

rinsic safety

ris to be installed in a potentially explosive atmosphere, the sensor shall be intrinsica
ctive 2014/34/EU (Equipment) and:1999/92/EC (Workplace) can apply for the classif
tion where it is to be used. See‘also EN 60079-0, EN 60079-11 and EN 60079-14 for
llations.

Immersed sensors

ensor is to be immeérsed in a liquid, the sensor's [P-code (defined in EN 60529) shall b
ast IP68.

s and otheriimmersed accessories shall be tight for the maximum possible pressure of]

egral-electronics (amplifier, RMS converter, ASL converter, band pass)

preferred

ectusinga

of the test

ly safe and
ied hazard
explosion-

e specified

the liquid.

)sors and sensors with an integrated pre-amplifier of suitable bandwidth are availablé.

Sensors with built-in electronics are less susceptible to electromagnetic disturbances, due to the elimination

of a sensor-

to-pre-amplifier cable.

These sensors are usually a little larger in size and weight and have a more limited temperature range due

to internal

electronics, e.g. 80 °C.

Sensors may also include a signal-to-RMS converter, a signal-to-ASL converter and/or a limit-comparator
with digital output.

© IS0 2024 - All rights reserved
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7.3 Portable and non-portable AE instruments

An instrument for leak detection by acoustic emission designed for portable use contains usually one or a
few channels.

The choice of a portable AT instrument is generally based on several factors, such as cost, size of the device,
test duration, environmental conditions (e.g. hazardous areas), and availability of external power.

Portable AE instruments are used for on-site leak testing of limited areas.

Non-portable instruments are used for testing of large structures or for permanent in-service monitoring of
leaks in critical applications.

7.4 Single and mulfi-channel AT instruments

7.4.1 Single-channel instruments

Single-chay
areas of int

1nel instruments are mainly used for a point-by-point search strategy, the;sénsor bein
erest over the structure.

g moved to

These inst m data for

determina

Fuments typically acquire and store RMS, ASL, signal amplitude and signal wavefor]
ion of time and frequency features.

7.4.2 Muylti-channel instruments

Multi-chaninel instruments are mainly used for large structuresswhere the sensor positions ar¢ fixed and

one of the location procedures in 9.3 may be applied.

Also, perm| etection in

the piping

anently installed instruments for continuous rémote in-service monitoring, for leak d
hetwork of nuclear plants, are often used withimulti-channel configurations.

7.5 Determination of features (RMS, ASL vS§)hit or continuous AE vs. burst AE)

Simple insf
logarithm

average of
signal amp

On some of
graphically
trigger an

More soph
differences

7.6 Syst

ruments determine continuously<as’a function over time the ASL (the arithmetic ave
of the rectified AE signal over ‘a_specified period of time) and/or RMS (the square
squared AE signal over a specified period of time) and/or average of the maximum V
litude within a specified period of time, and display the results.

' and be compared against static or computed alarm levels so alarm conditions may auf
hlarm.

isticated inStruments can also acquire and store waveform data for determinati
by At-measurement or by cross-correlation method.

pmverification using artificial leak noise sources

rage of the
root of the
alue of the

the instruments theresulting functions over time can be shown for each channel nunperically or

omatically

bn of time

An artifici

tHeaknoise source sitatt be used for SySten verification. FIgUre 2 SITOWS amn eXampie.

A setup using an air jet or a test block/pipe with a drilled hole passing a controlled flow of gas or liquid may
be used to determine the dependency of stimulation signal amplitude versus stimulated flow of gas or liquid
and signal amplitude measured at a certain distance from emitter.

A well reproducible artificial leak noise source, like a passive sensor stimulated by an electrical signal,
such as white noise or a sinusoidal signal of a certain frequency from a function generator, may be used for
periodic system verification.

© IS0 2024 - All rights reserved
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Key

1  couplin
2 metalli
3  nozzle

8 Test procedure for leak detection

8.1 Mou

(see Clpuse 9) ahd to achieve the required location accuracy.

g for compressed air
C block
with adjustable air jet

Figure 2 — Adjustable air jet

nting of sensors

pveground structures, surface-mounted AE sensors.with fixed positions shall be att
contact to the test object or via acoustic waveguides.

k testing of underground pressure equipmentutilities such as waveguides (e.g. on vess
pipelines) may be applied.

ounting technique and coupling materials shall be selected dependent on tempe
bn of measurement (see 7.6).

ality of sensor coupling may be enhanced by special shoes that conform to the diameter
est object.

rresponding pogition of the pig shall be determined on the basis of an encoder and/|
's positioned @n’the outside of the pipe.

nsors shall\be positioned so as to ensure leak location based on appropriate location

flow chardcteristics, shadowing effects of nozzles and ancillary attachments, |

Prior to testing, wave propagation and attenuation measurements, using a Hsu-Nielsen source or

a) For ab)
direct
b) Forlea
(e.g.in
c¢) The m
durati
d) Thequ
of the 1
e) With |
f) The cg
marke
g) The se
h) Their
i)

hched with

els) or pigs

rature and

curvature

eak detection pigs for~buried pipelines, the AT sensors shall be mounted on the pig and
measufrements are usually made during the pig run (see A.2).

br acoustic

procedure

that affect

hositions on the structure shall be taken into consideration welds, changes of shape

artificial leak noise sources (see 7.2), shall be performed on the test object in order to determine the
effective wave velocity and to calculate the maximum allowed sensor distance needed for leak detection
with specified sensitivity.

The maximum sensor spacing for detection and location of leaks is influenced by many factors, such as
surface covering by coating, cladding or insulation, background noise level, pressure on the test object, type
of fluid, type of leak.

© IS0 2024 - All rights reserved
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8.2 Additional features to be determined

In its simplest form leak detection will comprise measurement of the RMS/ASL at each defined sensor
position as a function of time for estimation of approximate location of the source.

In addition, pressure is measured as a function of time and the occurrence of a change in RMS/ASL, can be
correlated to a change of pressure.

[t is recommended that the RMS/ASL is determined as a function of increasing or decreasing pressure for
verification purposes.

For more complex situations or improved diagnosis, other features may be determined, such as the following:

a) crestfactor;

b) arrival time;

¢) maxinum value of signal amplitude;
d) signal waveform;

e) frequency spectrum;

f) related external parameters, e.g. pipe or valve temperature, pressure difference at the valve.
8.3 Background noise

8.3.1 Gejneral

The background noise is usually a combination of environmental and process noise.

8.3.2 Enyvironmental noise

Sometimeyq it is unavoidable that environmental noise, even airborne noise, is picked up in addition to the
sound of interest. This can be noise from e.g.weather conditions, road traffic, rail, airplanes or bifrds.

In such cages, it can be helpful to add a sensor (guard) to monitor the airborne noise (waterborng in subsea
environment) to identify and disregar@-the environmental noise.

8.3.3 Prpcess noise

Process no'[se will be created from the in-service conditions of the tested structure, e.g. product flow noise.

The influence of the prégess noise may be reduced by
— choosipg an appropriate test period,

— isolating from the noise sources, and

— using more sophisticated analysis methods, Iiltering, pattern recognition.

8.4 Data acquisition

Data acquisition in its simplest form involves point measurements of one variable (e.g. RMS, ASL, or signal
amplitude) in a search mode to detect and locate a leak.

a) Whenever the equipment allows, the results of all measurements as well as the test parameters shall
be stored.

b) When more advanced equipment is used, the necessary signal parameters shall be acquired and
recorded continuously or periodically.

© IS0 2024 - All rights reserved
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c¢) The duration of the acquisition shall be chosen taking into account the values and fluctuation of the
background noise.

9 Location procedures

9.1 Gen

eral

The AE signals caused by a fluid leak are usually continuously superposed by transients reflecting the
nature of the fluid dynamics, leak path, structural response and wave propagation path in the containment

structure.

Attention shall be paid to attenuation (e.g. by coatings, wrappings, insulations) of acoustic waves and possible

multiple w,

Various st

hve paths (metallic wall or liquid fluid) between source and sensor location to get relia

ategies for leak location have been developed.

ble results.

In general) none of the strategies yields highly accurate location, but for industrialapplications even an
approximale location can be very economic.
9.2 Single-sensor location based on AE wave attenuation
This stratdgy uses the attenuation of the AE waves in the containment structure. Close to the[source the
signal levels will be higher than further away from the source. The pgsition of the leak is assigned to the
measuremgent position with the highest signal level, e.g. RMS, ASL©r average of the maximum value of the
signal ampllitude.
Often a single-sensor hand-held device is used to make the tests at different positions on a structjure. In this
case tests ghall be performed over a longer time span or repeatedly per position in order to identify possible
fluctuatiorls in the AE signals that can affect localization
A variant ¢f the above is the technique of “acoustic*field mapping” where point-by-point test§ are made
following 4 grid pattern.
A further application of this technique is the difference method with a two-point access and fhe leak in
between.
a) The calculation shall be performed-using the difference of signal levels at the access points Aland B.
b) Ifthe difference is zero, thessource shall be on half distance between A and B.
c) At a linear structure avith access points A and B, the source location Xg shall be calculated using

Formgllﬂa (1):

0,5 (Ug-U
Xg=0,5 (XA+XB)+M 1)
o

where

X is the X-location of source;

Xy is the X-location of access point A;

Xp is the X-location of access point B and is larger than X,;

Uy is the signal level at access point A in dB,g;

Uy is the signal level at access point B in dB,g;

a is the attenuation coefficient in dB/m, is larger than 0 and shall either be known or determined

by experiment by a third access point at a known distance from points A or B.
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d) o shall either be known or determined by experiment at a third access point at a known distance from
A and B.

9.3 Multi-sensor location based on At values (linear, planar)

9.3.1 Threshold level and peak level timing technique

With this strategy, the attenuation curve is known and several sensors in a location scheme are used to
locate the source from At values.

Because the signals are more or less continuous in nature, this technique relies on the presence of
superimposed transients on the signals. The arrival times are measured using threshold levels and/or burst
signal ampgitudes:

The result pf the threshold level technique may be improved by adjusting the threshold per channgl based on
the amplityide distribution or the known wave attenuation.

An exampl¢ of the use of this technique, the planar location on an above-ground storage tauk floor, is given in A.4.

9.3.2 Crogss-correlation technique

correlation] is a measure of similarity of two waveforms as a functionof a’'time-lag applied to ohe of them.
Although, it is commonly used in order to search for a shorter duratiofi pattern within a long duration signal,
it can be uged for other linear measurements. It also has applicatiofs in pattern recognition.

Correlatio']! commonly refers to a broad class of statistical relationships ‘involving dependence. Cross-

In the field of AT, cross-correlation has been used to find the time-frequency-pattern of a|burst in a
continuouq waveform record.

The time-lag shall be determined between two channels-and used for location calculation.

The cross-¢orrelation is defined as:
(Fxge)=]"_f (x)xg(t+r)de @)

where f* denotes the complex conjugate\of f.

Similarly, fpr discrete functions, the tross-correlation is defined as:

n= S flmlsn+m] 3)

m=—co

~—

(f*g

The cross-¢orrelatien is similar in nature to the convolution of two functions.

In an auto{corrélation, which is the cross-correlation of a signal with itself, there will always b a peak at
a lag of zerjounless the signal is a trivial zero signal. Therefore, it can be used to dig out a signal from high
backgroundnoise

As an example, consider two real functions f(x) and g(x) differing only by an unknown shift along the X-axis.
One can use the cross-correlation to find how much the function g shall be shifted along the X-axis to make it
identical to the function f(x). The formula essentially slides the g(x)-function along the X-axis, calculating the
integral of their product at each position. When the functions match, the value of (fxg) is maximized.

For the application in sense of leak detection, the cross-correlation is useful for determining the time lag
between two signals coming from the same source propagating along a pipe across a sensor array. After
calculating the cross-correlation between the two signals, the maximum of the cross-correlation function
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indicates the point in time where the signals are best aligned. The time lag between the two signals is
determined by the argument of the maximum (arg max) of the cross-correlation as:

Tlag =argmax, [(fxg)(¢)] 4)

By this technique, the wave packet detected from two or more sensors are cross correlated in order to
determine the time difference between the received signals at the different sensors, resulting from the
different wave propagation paths.

Once the time differences are known the normal At location algorithms can be used.

In case the previously described techniques give a location result with insufficient accuracy, combining
techniques_may improve the accuracy.

Examples dre given in A.2 and A.4.
10 Data presentation
10.1 Numerical data presentation (level meter)
In its simplest form this is a presentation of RMS or ASL and may also includethe peak signal levgl.
10.2 Pargametric dependent function
Y Y1
95 1 210
EOE h‘—‘ ———— 205
z 3. A4 f :
45 £ \Yf ! - 200
40 | 0 = 195
1c - 2 M / 1 :
1k N L / L, 4190
o0 / ]
: ;’ / 4185
45 F .
C g ]
- P P
]5 :__-__'..l 2 l E 17
10 & L~ A .. At 170
5F 4 165
05 11604
82 83 84 85 86 87 88 89 9 91 92 93 94 X
Key
X local time, in h
Y RMS status, in dB,g
Y1 absolute pressure, in bar
1 RMS curve related to an AE channel placed closed to an untight valve, which resulted in a confirmed water
leakage
2 RMS curve related to an AE channel placed in an area where no leak is present
3 absolute pressure curve

Figure 3 — Example for RMS and pressure vs. time
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An example is shown in Figure 3.

The RMS increases regularly during the pressure ramp and does not return to a normal level when the final
pressure hold is reached.

When the leaky valve was identified, the tap was tightened and the RMS level on all channels returned to
initial values.

10.3 Frequency spectrum
a) The sensing frequency range shall be matched to the application.

b) The collected signals shall include leak and background noise.

c) Spectrjum analysis of the signals may provide, e.g. an improved signal-to-noise ratio usinglanalogue/
digitallfiltering or wavelet analysis.

d) Feature or time-based filtering or pattern recognition software and waveform streaming arjalysis may
be usef to distinguish the AE signals caused by leakages from the background noeise.

11 Data jnterpretation
11.1 Leak validation

11.1.1 On-site (during test) and off-site (post analysis)

a) For spot tests with portable one-channel systems, leak indications shall be verified by tests pround the
estimdted leak location, e.g. for valves upstream and*downstream. By this, noise from out§ide can be
recogilized and distinguished from relevant signals:

b) For other applications, the validation of a leak may be performed by monitoring the ASL, RM§ as well as
averagle of the maximum of the signal amplitude during pressure increase.

c) Also,lgcation graphs may show the suspected position. By evaluation of other AE features (e.g. duration,
counts, rise time), the localization process can be improved and located noise sources cah be easily
distinguished from the real leak seurce.

Further aralysis after the acquisition, by filtering out noise signals, gives a more clarified yiew of the
located leak.

11.1.2 Cofrelation with-pressure

Higher prejssure diffefence through a leaking orifice increases the ASL, RMS and average of thg maximum
of the signpal amplitude of the produced AE signals. The acquired ASL, RMS and average of the maximum of
signal ampllitudeswrill be increased only above a certain minimum differential pressure level.

For burst gnrission application, there is also a pressure limit, which shall be exceeded before the|AE signals
can be detected. This pressure limit depends on the size of the orifice, the viscosity of the test fluid and the
distance of the AE sensors from the orifice.

11.1.3 Rejection of false indications

The AE sensor shall be placed as close as possible to the likely leak, and the object shall be tested on minimum
and maximum pressure, in order to further analysis and compare the recorded signals.

During pre-test it is advisable, if possible, on minimum pressure differences (minimum pressure), to record
the background noise to identify potential noise sources (possible external noise), that can be further
rejected during analysis.
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If noise appears during AE acquisition, due to persistent external noise, multi-channel systems can identify
it by means of the location process.

Noise caused by sand or soil hitting the revealed part of a buried pipeline, or drops (condensation) falling
from a tank roof on the product surface, or operating noise next to a leaking valve, can show false indications
that are located in the same way as a leak.

11.2 Leakage rate estimation

For valve testing, a rough estimation of the leakage rate may be made on the basis of a database or by analysis
of level (to base level during pre-test) of ASL, RMS and average of the maximum value of signal amplitudes in
correlation with the pressure decrease.

The main
difference.

After deted
decrease p
requires ey

parameters influencing the results are type and size of the valve, fluid type an

tion of a leak in large structures, the leakage rate can be potentially estimated from t}
er minute. Direct estimation of leakage rate from just the AE signals can bedifficult 4
tensive experimentation and development of an appropriate database.

1 pressure

e pressure
nd usually

Another egtimation can be based on the comparison with the leakage rate.‘measured from al calibrated

standard lgak.

11.3 Demand for follow-up actions

a) The client is responsible for any follow-up actions.

b) The lefak rate estimation and its grading as well as the subsequent recommended actipn, for the

identified and located leak, shall be defined in the testprocedure.
¢) According to the test results and their interpretation, further tests may be useful. In this casq, other test
methofs apart from acoustic emission test shall'also be considered.
When a potential leak has been located, other techniques like optical ones can give further information.
For typical|grading categories for the detected leak see Table 2.
Table 2 — Leakage grading and the influence of leak flow dynamic on AE activity
AE activity Definition Further actions
L No leak.or o
Low activitly ( . No further action is necessary
leak-is-uncritical

First check if the leak is repairable, and when a leak is|not repair-
able but uncritical in its current state, then it shall be monitored

Medium activity Potentially critical whether its size increases with time or not;
when the leak is repairable, it shall be repaired when possible,
and after repair a retest is necessary

ngh activity Critical Lrltl(}al leaKs a!ways shall be repaired when possible and after
repair a retestis necessary

d) The retest shall be done according to the original test procedure (see Clause 12).

e)

It shall include all sectors of the structure, which were affected by the repair works.

f)  When a structure is not repairable, the client shall decide on any other action.
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12 Quality management documents

12.1 Test procedure

The written test procedure shall consider all aspects of preliminary information, preliminary preparation,
on-site preparations, test performance including data acquisition, data presentation, test report
requirements and subsequent operations according to EN 13554, if appropriate.

12.2 Test instruction

The AE test organization shall provide a written test instruction. The test instruction shall be prepared in
accordance with ISO 9712 and EN 13554.

The test in

a)
b)

c)
d)
€)
f)
g)
h)

explicit indication of the purpose of the test and limitations if any;

a description of the test object, including geometry and dimensions, materials, design and
parameters;

the application documents;

qualification/certification of the test personnel;

type o
type o
type o
the teg
senson

numbd

metho{ of sensor attachment;

signal Jevel measurement method\to be used;

the v
proced

descri]
descri]
maxin

proced

struction shall include but not necessarily be restricted to the following:

surface preparation;

acoustic coupling used;

AE instruments used with the main characteristics;
t software used;

type, frequency range and manufactures;

r of sensors required and the sensor arrangement;

rification intervals fer.the AE instrument, the AE sensors and description of ¥
ures;

btion of in-situverification;
btion of testperformance;
lum level of background noise and the minimum required sensitivity of AE sensors;

ure for determination of the attenuation coefficient;

operating

rerification

record

online

ed data and recording method;

presentation of data

description of data analysis and location procedure to be used;

post analysis process.
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13 Test documentation and reporting

13.1 Test documentation

The test documentation shall contain at least the following information:

a)
b)
<)
d)
e)
f)
g)
h)

identification of the site and the client;

identification of the test object;

reference to relevant procedural documents including the aims and objectives of the test;

description of the testing equipment;

site operational conditions;

level of background noise;

resultg of on-site verification of sensor sensitivity;

pressure difference;

type of analysis carried out;

any deyviation from the procedure;

interpretation/evaluation of data;

test repult;

place, flate and time of the test;

n) name, jqualifications and signature of the test operdtor.

13.2 Testjreport

a) Normgdlly two reports will be produced:

b)

1y

2)

an| on-site preliminary report;-which shall contain the positions of the AE leak source
preliminary significance;

aflnal test report which shall contain the results of the post-test analysis and provide the t
to|the test documentation.

The final test repoptshall at least include the following:

1)
2)
3)
4)
5)
6)
7)
8)
9)

the Internatipnal Standard used (including its year of publication);

datte of the test and place of the test site;

5 and their

raceability

nf)mn(c\ oftoct anaratar(c):

Ao O teo T oOptToatoT (U7

the method used;

testing equipment description including AE instrumentation and AE sensors;
description of the test object;

number of sensors and locations;

test detection threshold;

fluid product and pressure difference;
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10) maps of the structure showing the AE leak sources identified during the test;
11) characterization of the AE leak sources;

12) the testing result(s);

13) any deviations from the procedure;

14) any unusual features observed.
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Annex A
(informative)

Example applications of leak detection

A.1 Performance test of steam traps

A.1.1 Stg

nc

The purpo
efficient us
decreased
early stage

S o
oI CrTaps

ke of a steam trap installation is to remove condensate from the system in ordertol
e of energy and to avoid steam hammering. Leaky or blocked valves inside the.steam t
operating safety and to increased costs of energy. In order to detect damaged steam
a frequent testing is necessary.

1tiple steam traps are installed in a plant. The conditions are oftemyhazardous as s
p to 800 °C and operate in explosive areas. Accordingly, a short testing time is expd
bliable and easily documentable results.

5t equipment

nst and reliable testing of steam traps a mobile test kit\consisting of a single-channel
vice, a heat resistant structure-borne ultrasonic probe’and a temperature sensor shall

r to achieve optimal results, the device shall opérate with a frequency of typically aroy

st device shall be designed to down-mix ultrasound into the audible frequency ra
acoustic signals, as well as ASL or RMS walues.

e of headphones is recommended intesting environments with distracting ambient na

sting personnel
sting personnel to in§pect steam traps shall be qualified according to ISO 9712.

ndling of the testequipment is intuitive. Hence, a basic qualification is sufficient for s
sting personnel/However, as the exact testing procedures vary amongst the several
hcturers ofisteam traps the testing personnel shall pass a special training.

5t precedure

ensure an
rap lead to
traps at an

team traps
cted while

ultrasonic
be used.

nd 40 kHz.

hge and to

ise.

ire a reliable data documentation’at every test location, an integrated data logger shalll be used.

Lpervisory
types and

rers of steam traps usually recommend their individual testing procedure.

Usually, m
can heat u
ensuring r
A1.2 Te
a) Foraf
test de
b) Inordd
c¢) The te
outpuf]
d) Theus
e) Toens
A.1.3 Te
a) Thete
b) The h3
and te
manuf]
Al14 Te
Manufactu|
a)
b)
specifi
0
d)

¢ measuring points.

The operating pressure shall be known.

Additionally, the operating plant shall issue a special test instruction adapted on the conditions on-site.

Before the actual testing is carried out it is recommended to equip each steam trap with a label (ID) and

The temperature values are collected by putting the temperature sensor on the specific test points

which depend on the type of steam trap and are usually recommended by the respective manufacturer.
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e) Fordetermining the ultrasound level, the probe for structure-borne ultrasound shall be placed vertically
with constant, slight pressure on the defined test points which again vary amongst the different types
and manufacturers of steam traps.

f) Therecording of the ultrasound level should cover at least one complete closing and opening cycle of the
valve inside the steam trap.

g) Ifrequired, potential ambient noises can be detected at a part of the piping system next to the tested
steam trap.

h) After the test, the following data shall be documented:

1) trapID;

2) logation;

3) testdate;

4) manufacturer;

5) type;

6) operating pressure;
7) temperature values;
8) ulfrasound level.

i) Typically, such tests are performed periodically on a monthlyyor annual basis. The frequency/|of periodic
testing crucially depends on the trap size, the operating pressure and the position in the sys\Em.

j)  For an|evaluation of data in comparative and long-titne tests it the sensors shall be placed on the same
positign of the steam trap to test always under the/Same conditions.

k) Only steam traps of the same type may be‘compared with each other, then unbiased resfilts can be
ensurgd.

1) Fora correct performance test, the steam system shall have its usual operating temperature

m) The test may only be carried out-during operation.

n) Ambient noises may influence the value of ultrasound. If possible, ultrasound emitting comppnents and
devicep shall be turned off.during the test.

0) Moreoper, it is important to follow the safety instructions issued by the manufacturer of the ultrasonic
testing device and €he'steam trap shall be observed.

A.1.5 Interpretation of test results

Steam trapjs pperate on a number of different principles which show distinctive characteristics. Consequently,

test results_shiall bhe infprprpfpd ar‘rnrding to the cpprifir‘ gnidp]innc which are prnvidﬂd hy the respective

ISO 18081:2024(en)

steam trap

manufacturer.

The values of pressure and temperature correlate. Accordingly, the determined temperature values and the
operating pressure can indicate whether the valve inside the trap is blocked or correctly removes condensate
from the system. If one of these values is specified, the other one shall be determined by using Table A.1.
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Table A.1 — Correlation between pressure and temperature

Differential pressure, in bar 0 1 2 3 4 5 6 8 10 13 16
Boiling temperature, in °C 100 | 120 | 133 | 144 | 151 | 159 | 165 | 175 | 184 194 | 204
Differential pressure, in bar 20 24 28 32 40 50 60 80 100 120 150
Boiling temperature, in °C 214 | 223 | 231 | 238 | 250 | 264 | 275 | 294 | 310 323 341

Further information about the condition of the steam trap can be attained by comparing the determined
ultrasound level with a specific steam trap type and manufacturer dependent limit value.

The valve is closed and steam-tight, if the determined ultrasound level remains stable below the limit value.

If the stea
a maximur
remains pe

A.1.6 Dg
Collected t

long-term

A.2 Leal

A.2.1 D¢

The sensit
frequency.
but also th

leaks on thle pipeline. This can be done by a search methodology, where the operator moves the s

different p
curve is us
the accessi
than 200 nf
restricted

A.2.2 Cr¢

In additior]
Cross-CorT¢
sometimes
working d
required s¢

a) A mini

TIrap operates i the INTermittent mode, the uitrasound evet fiuctuates between a mi
h. In this case, the valve inside the steam trap opens and closes correctly. If the ultra
rmanently above a certain limit value, the valve is most likely leaky and not working ¢

cumentation

pst values and interpretations shall be transferred to a local database in order to ensuf
comparison of test results and an efficient condition monitoring.

K detection on pipelines

termination of wave attenuation

vity of leak detection on pipelines is determined mainly by the wave attenuation at f
s can become expensive. On the other hand, the wave attenuation can be useful for the

bsitions on the pipeline or uses two or maore sensors fixed to the pipe. In this case, the §
ed to calculate the location of the leak:*The maximum distances between sensors will
bility, the required sensitivity andcthe type of process/test fluid. It will generally b
| for liquids. Most pipelines are huried which limits the application of this methodology
hccess.

pss-correlation

to the application-of-sensors for leak detection and location based on sound atten
plation method ,effers the potential for more practical sensor distances, up to 5
800 m to 1 000, h if accelerometers or hydrophones can be used inside the pipe. H¢
stance can be-reduced to 100 m to 200 m depending on the pipe material, pipe diz
Pnsitivity:

[mumief'two sensors shall be applied to the pipeline.

imum and
tound level
orrectly.

e a reliable

he sensing

For above-ground pipelines, the problem can be:Solved easily by the application of mgre sensors,

location of
ensor(s) to
ttenuation
depend on
P not more
r due to the

uation, the

DO m, and
wever, the
meter and

b)
9

The p4

rticular sound velocity and wave attenuation shall be measured (Figure A.1).

location shall be between 100 Hz and 5 kHz.

d)

performed.

In the case of buried pipelines, the normal frequency range for cross-correlation leak detection and

After configuring the software for the pipe material, length and diameter, the basic measurement is

1) First, the background noise spectrum shall be considered together with possible background noise
source indications.
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2) The pipeline shall then be pressurized up to a specified pressure hold (often the service pressure of
the pipeline) and the measurement starts.

e) After measuring the coherence spectrum and applying the resulting filter criteria, the test results shall
be evaluated.

f) According the position of leaks and their probability shall be reported.

g) If a leak-like indication occurs, a plot of the coherence spectrum and the cross-correlation function,
including the cross-correlation factor shall be produced.

1

[

[ -

—
4

Lo b
Y Ve
L)) e 3

h | 5 )

|

| At = tp-ty

| D
Key
1  amplifier and transmitter modules B  data acquisition system for sensor B
2 reveiver antennas t; distance between sensor A and leak
3 sensorjA t, distance between sensor B and leak
4  sensor([B D  distance bewteen the sensors A and B
5  leakingfluid V  direction of flow
A data acquisition system for sensor A

Figure A.1 — Test set up for cross-correlation

A.2.3 Pigging

When the pipeline is pig-able, with transmitter and receiver traps for pigs, leaks can be detected using a
leak detection pig. This overcomes the problem of wave attenuation between the source (leak) and sensor.
The pig consists of a receiving sensor, data processing and storage unit and power supply (see Figure A.2).
This is conveyed through the pipeline by the process fluid during normal service. The quality of the pig, the
transport medium and the transmission velocity determine the sensitivity (lowest detectable leak rate of
the pig-system), down to 5 L/h under optimal conditions. The leak detection pig may be equipped with an
odometer wheel for an exact location of the leak within the pipeline.

A typical pig run comprises, the application of markers in support of the location system, transmission of
the pig from the transmission trap within the normal transport medium, withdrawal of the pig from the
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receiver trap, reading and cleaning the data storage unit and evaluation of the data according the presence
of aleak and its location.

A.3 Leal

A3.1 Ge

The proof
performed
at 207 bar
withstand;

That mean

Due to the
radiation l4

Figure A.2 — Sketch of a pig

K detection during hydrotest of nuclear power plant primary loops

neral

test of pressurized water reactors (PWR) in Frenich nuclear power plant primar
according to pressure vessels regulation. The hydrotest includes pressurization to 3
with a hold at 172 bar, called reference hold., The proof test is satisfactory if the pr
the final hold pressure without leakage and;swithout permanent strain.

5 that the water tightness of many different welds shall be checked.

high number of welds (about 450), the difficulty to reach the locations of the welds a1
bvel, these tests cannot be achieved visually.

Acoustic emission testing has been chesen to overcome the difficulties encountered by visual tes

s of the primary circuit@pe mainly defined to be monitored:
sel head instrumentation welds;
ftom-mounteddnstrumentation welds;

bssurizer heater sleeves.

Chnigue

y loops is
| final hold
mary loop

hd the high

ring.

oueis hased onthe influence of three main factors:

Three part
a) the ves
b) thebo
c) the pr¢
A3.2 Te
The techni
a)

b) compa
)

evolution of acoustic emission with leakage rate;

rison of AE signal level and the background noise;

The influence of these factors has been studied in different laboratory and on-site tests.

attenuation of AE signal in the different parts of the pressure equipment (components and welds).

Specific mock-up loops with artificial defects have been used to determine the correlation between leakage
characteristics and the acoustic emission signature.
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On-site measurements have been performed in order to measure the background noise under various
operating conditions and so, estimate the minimum detectable leakage rate according to the operating
conditions.

The realization of attenuation measurements in the different parts of the circuit enabled to take into account
the influence of AE signal loss due to the propagation conditions.

Allthese preliminary steps have allowed to determine the influent parameters related to the instrumentation
and the implementation of the method and subsequently the guaranteed level of sensitivity (worst-case

approach) was calculated.

A.3.3 Primary loop hydrotest monitoring

A.3.3.1 S
The resondg

Depending]
sensitivity

A332 A

The AE md
reference |
172 bars.

ensors positions
nt sensors used shall be placed in three areas of the primary loop as shown on Figure

on the area, three to six sensors are necessary to guarantee the NDT performance
and coverage).

E monitoring

jold at 172 bar to the hydrotest final pressure hold at 207 bat, and going back to a sec

A.3.3.3 Real-time data analysis

A.3.

(detection

nitoring shall be performed during the last steps of the pressurization sequence, from the first

bnd hold at

a) Acoustic emission signals shall be recorded permanently in real-time.

b) The main criteria shall be based on the analysis ofthe evolution of RMS signal during holds.

¢) The RMS evolution between holds is not formally analysed, but a qualitative approach shall be used
(see 10.2).

d) A potdntial leak shall be assumed_during the final hold whenever the RMS signal rises cpnsistently
above p specified threshold level.<Fhis threshold shall be determined during the penultimatge reference
hold a¢cording to the measurement of the background noise level (which depends on the logal specific
primary loop configuration).

e) The efficiency of the methad shall be ensured through a series of in-service operating conditions (e.g.
reproducible coupling;Sensitivity checks).

A.3.4 Qualificationand main results

This methpdology has been used since the 1980s. It has been qualified according the French nuclear

regulator 1

eglirements in 2006.

The methodology is periodically reviewed to reflect changes in the acoustic emission instrumentation and
feedback from field testing.

One of the main results showing the performances of this methodology is the detection of a crack in an
instrumentation nozzle weld (vessel head) of a French PWR in the 1990s.
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3 ventpipe 7  qualified acoustic emission sensors
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A.4 Leal
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‘igure A.3 — Position of AE sensors onithe primary circuit of nuclear power plan

K testing on tank floors

neral

tion on flat-bottomeéd)storage tanks for liquid stock products is applied since the ¢
hemical and petrochemical industry. All testing techniques exploit that turbulent flow
acoustic emission! The primary effect can be accompanied by secondary effects. Amo
dary effects@re/impact of solid particles at the outside of the bottom plates (e.g. sand f]
age flow,or/on-going corrosion process due to corrosive environment in the area of bq
.

furbulent flow in case of the presence of a leak is therefore a basic requirement. It is }
s products turn from laminar flow to turbulent flow only at high differential pressure.

arly 1980s
of liquid is
hgst others
pundation)
ttom plate

tnown that
Experience

based knowledge gained since first tests showed that 40 centistokes is the limit for kinematic viscosity
under testing conditions given usually at tanks with tank shell height not higher than 20 m. If tank design
and density of product allows installation of water bottom then leak testing may be performed as well.

A penetration of the tank floor does not lead necessarily to loss of product. Leakage paths can be blocked,
by sludge or sediments, and thus are out of scope for detection with testing techniques based on acoustic
emission. An active leak is characterized by the presence of turbulent flow and detection of such kind of leak

is consider

ed in the following.
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