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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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Introduction

Industrial applications of acoustic emission testing for atmospheric metal storage tanks have been gaining
wider usage alongside marked improvement of acoustic emission testing technologies. The effectiveness of
any application of acoustic emission testing depends upon proper and correct use of the acoustic emission
instruments and test techniques.

In addition, existing international acoustic emission standards lack a specification of a classification system
with the associated recommendations for maintenance.

The purpose of this document is to provide requirements for the testing equipment, testing procedures and
classification system for acoustic emission testing for corrosion of atmospheric metal storage tank floors.

© IS0 2024 - All rights reserved
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International Standard

ISO 24489:

2024(en)

Non-destructive testing — Acoustic emission testing —
Detection of corrosion at atmospheric and low-pressure
metallic storage tank floors

1 Scope

This docu

ent describes the testing methodology based on acoustic emission (AE) for atmosphier

pressure (less than or equal to 50 kPa on top of the tank) metallic storage tank floors and the/cl:

system to

This docun

tank floord.

The techni
It applies d
be obtaine

2 Norm

The follow
requireme
the latest e

[SO 12716,

EN 13477-
Verification

3 Term
For the pui
ISO and IE
ISO On

IEC El¢

3.1

'Ie used for test results.

hent applies to acoustic emission testing (AT) for corrosion severity of atmpspheric mq

que is limited to tank floors made of construction steel and relies pmah active corrosi
nly in cases where corrosion of the floor is the governing damage.mechanism. Good 1
H providing corrosion conditions have not changed.

ative references

ng documents are referred to in the text in such a way that some or all of their content
hts of this document. For dated references, only.the edition cited applies. For undated
dition of the referenced document (including any amendments) applies.

Non-destructive testing — Acoustic emission inspection — Vocabulary

D, Non-destructive testing — Acousti¢-emission testing — Equipment characterisation
of operating characteristic

s and definitions
poses of this document, the terms and definitions given in ISO 12716 and the followin

[ maintain termjnology databases for use in standardization at the following addresse

line browsing-platform: available at https://www.iso.org/obp

ctropediayavailable at https://www.electropedia.org/

ic and low-
1ssification

tal storage

bn process.
esults will

ronstitutes
references,

— Part 2:

b apply.

2]

acoustic e

niission testing

AT

testing of a test object during controlled stimulation using acoustic emission instrumentation to detect and
analyse sources of acoustic emission

[SOURCE: EN 1330-9:2017, 2.5.1]

3.2

Hsu-Nielsen source
device to simulate an acoustic emission event using the fracture of a brittle graphite lead in a suitable fitting

Note 1 to entry: Hue-Nielsen source is according to Figure 1.
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Figure 1 — Hsu-Nielsen source

ral principles

operation of atmospheric metallic storage tanks, the tank floor is potentially sub
nvironment and due to the ongoing corrosionprocess AE waves are generated.

ves are generated by AE events from thé corrosion process itself or peeling and

ected to a

racking of

broducts on the tank floor and are _transmitted to the surface of the tank wall predominantly

The purpose of AT of storage tank floors is to detect the AE signals related to the corrosion procgss with AE
sensors m@unted in the lower part of the\tank wall.

By receivinlg and analysing these signals, the severity of the tank floor corrosion condition can be determined
and assesspd.

5 Qualification oftest personnel

AT shall bg perfornied by competent personnel. In order to ensure that this is the case, it is recommended
that the pefrsonnel-meet the requirements of ISO 9712 or equivalent.

6 Test éqaipment

6.1 Acoustic emission testing system

An AT system consists of an AE instrument including software, AE sensors, preamplifiers, interconnecting

cables and

mounting devices holding the sensors.

All essential parts of the AT system shall be specified in a written test instruction agreed at the time of

enquiry or

order (see 10.2).

© 1SO 2024 - All rights reserved
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6.2 Acoustic emission sensors

The requirements for AE sensors are as follows:

The main response frequency of the sensors shall be between 20 kHz and 80 kHz.

field setting or in longitudinal wave setting.

ng practice or by differential element design, or both.

The minimum sensitivity shall be equivalent to or greater than 60 dB referred to 1 Vs/m in surface wave

Sensors shall be shielded against radio frequency and electromagnetic noise interference by proper

The metallic housing of each AE sensor shall be electrically isolated from the metallic test object.

a)
b)
sound
9]
shieldi
d)
e) The Al
exhibif
f) To get
a peak]
g) Theve
manulf

6.3 Acoustic emission signal cables

The requir;

a) Signal

interfd
b)
This rd

6.4 Cou

The used (
surface.

6.5 Pred

The preampplifiers may be separate or may be mounted in the sensor housing.

The requir

a)
b)

The R}
The pr

Cable length shall not exceed 1 m, unless the length-depending signal loss is considered and :

L sensors shall be stable over the response frequency and temperature range of useaj
sensitivity changes greater than 3 dB over this range.

sufficient sensitivity, a Hsu-Nielsen source at a distance of 100 mm from the sensor shg
amplitude of at least 80 dBp.

rification of the sensors shall be performed according to sensor-specificimanuals prov
cturer.

ements for AE signal cables used to connect AE sensors andpreamplifiers are as folloy

cables connecting sensors and preamplifiers shall be shielded against electy
rence.
quirement may be omitted where the preamplifier is integrated in the shielded sensoj

blant

ouplant shall provide an effective coupling quality so that the sensor tracks the ma

ymplifiers

ements for pteamplifiers are as follows:
IS voltage of preamplifiers circuit noise shall be less than 7 pV.

eamplifiers shall be stable over the response frequency and temperature range of us

d shall not

1l generate

ided by the

yS:

omagnetic

icceptable.

housing.

tion of the

e and shall

not ex]

nibit sensitivity changes greater than 3 dB over this range.

9

usually 34 dB, 40 dB or 46 dB, shall not cause saturation of the measurement chain.

d)
provid

ed.

6.6 Power signal cables

The preamplifiers response frequency shall match that of the sensors, and the gain of the preamplifiers,

If the preamplifiers are of differential design, a minimum of 40 dB of common-mode rejection shall be

The requirements for power-signal cables providing power to the preamplifier and conducting the amplified
signal to the main processor are as follows:

a) Theca

bles shall be shielded against electromagnetic noise.

© 1SO 2024 - All rights reserved
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b) Signal loss shall be no more than 1 dB per 30 m of cable length. 150 m is the recommended maximum
cable length to avoid excessive signal attenuation.

c) The signal loss of cables depends on type of cable, frequency and length. With cable length above 30 m,
the resulting attenuation and the voltage drop-off of the DC supply shall be evaluated and considered in
the data analysis.

6.7 Filters

The response frequency of filters in the preamplifiers and the AE instrument shall match that of the AE
Sensors.

- .. . .
6.8 Acogsticemissionminstrument

The requirgments for the AE instrument are as follows:

a)
b)

9

d)
e)
f)
g)
h)

The AE instrument shall have enough AE channels to cover the area to be tested.

For eath channel, the AE instrument shall display and record arrival time, thrieshold, peak|amplitude,
ring-dpwn count, energy, rise time and duration for each hit as a minimum,

The individual sampling frequency of each channel for acquisition of wavéforms shall not bie less than
10 timgps the sensors’ centre response frequency.

The measurement inaccuracy for a threshold above 40 dB,j shalknot exceed + 1 dB.

The measurement inaccuracy for ring-down counts shall notexceed + 5 %.

The measurement inaccuracy for peak amplitudes above#0 dB, shall not exceed + 1 dB.
The measurement inaccuracy for energy above 40 dB,; shall not exceed * 5 %.

The measurement inaccuracy for the external parametric inputs, such as pressure, liquid level and
temperature, shall not exceed 2 % of the full range.

The repolution of rise time, duration and atrrival time for each channel shall be less than or equal to 1 ps.
The erfor of arrival time measurement between all channels shall be not more than 2 ps.

The electronic noise levels shdll)be equal to or less than 20 dB,j in the frequency range from 20 kHz to
80 kHz.

The ugable dynamic range shall be at least 65 dB.

The AFE instrumentshall be capable of processing, storing and displaying at least 20 hits pef second at
all chapnels.

The ddlay afid-display from the arrival of the AE hits shall not exceed 10 seconds.

The repl=time update time for diagrams shall not be more than 5 s.

An alarm shall occur if the hit rate exceeds the capability of the AE instrument.

A warning shall occur when the storage space runs low.

During data acquisition, AE software shall be capable of displaying the following diagrams:
1) any AE parameter versus time;

2) one AE parameter versus another AE parameter;

3) tank floor circular planar locations.

The AE analysis software shall provide functions to replay and analyse the recorded AT data.
© 1SO 2024 - All rights reserved
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6.9 Maintenance and verification of test equipment

The performance of the AT system shall be verified at specified intervals in accordance with
EN 13477-2.

7 Actions before testing

7.1 General information

Prior to the specification of the test, the following information shall be provided:

a) the purpose of the test;

b) details
c) thereq
d) the acq
e) the red
f) details
7.2 Docy
Before per

as a minimum:

a) design
docum
b) operat
of yea
condit
c) previo
d) other (
7.3 Site
Prior to te

impact, ele

The interfq

of the storage tank to be tested;
juirements for surface preparation;
eptance criteria, if specified;
juirements in relation to the test report;

of the qualification of test personnel.

iments

forming an AE test, the following documents shall be provided for the storage tank tq

and fabricating documents of the storage tank, e.g. product certification, quality c
ent, as-built drawing;

ion recording documents of the storage-tank, e.g. type of liquid, the normal product a
's with this product, the highest leyel“of liquid, range of operating temperature and
ons;

s test reports;

locuments, e.g. drawings and records showing repairs or modifications.

inspection

sting, a site inspection shall be carried out to find all interference factors, such as 1
ctromagneticiinterference and vibration.

rence of these factors shall be eliminated or sufficiently reduced during on-site AT.

7.4 Pre;raration of test instruction and record sheet

be tested,

brtification

nd number
abnormal

mechanical

The test instruction (see 10.2) and record sheets (see 10.3) shall be prepared in accordance with the NDT

procedure,

storage tank and site conditions.

The instrument, applicable sensors and surface conditions of the storage tank shall be specified.

7.5 Sensor mounting

The first row of sensors is placed on the tank wall near to the tank floor, and it shall be ensured that they are
above the height of the sediment in the tank. Thick layers of sediment affect the sensitivity of AT.

A second row of sensors (guard sensors) shall be mounted when noise from higher up in the tank (e.g.
condensation) can be expected.

© 1SO 2024 - All rights reserved
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The second row of sensors shall be below the liquid level, usually at about 3 m height above the first row.
The sensors of each row shall be mounted at the same height.

Care shall be taken that the sensitivity of the sensors is similar.

The maximum spacing of adjacent sensors shall not exceed 15 m.

If there are manholes, nozzles and welded structures between two adjacent sensors, the maximum spacing
shall not exceed 13 m.

[t is recommended that six to eight sensors are installed per row for a tank with a diameter of less than 25 m.

All the sensors shall be numbered and indicated in the schematic diagram of the tank.

The mountjing of sensors shall meet the following requirements:

a) The sepsors shall be installed according to the specified sensor array.

b) The place for the mounting of a sensor on the tank shall be smooth and showing the' metallicflustre. The
coating can be kept when it is smooth and compacted and measured attenuatiorn is acceptablg.

b) Efficiept couplants, such as vacuum grease or vaseline, are recommended.

d) Firm fixing of the sensors onto the tank shall be performed by a magneétic holding device, adhesive tape
or oth¢r devices and mounting materials that provide equivalent senisor adhesion over the tegt duration.

e) For tanks with interlayer or insulation, removal of insulationer'interlayer material at sensor|position to
allow gensor mounting directly onto the tank surface is the preferred solution.

f) AE wayeguides (rods) may be used when feasible for th€intended purpose of the test.

7.6 Setting of the acoustic emission instrument

7.6.1 First steps

Connect the sensors and preamplifiers with'the corresponding channel input of the AT systen] by cables,

turn on the AE instrument and wait until the instrument is in proper working condition.

Roughly sdt the instrument and then-complete the set-up of the AT system by performing the stg¢ps in 7.6.2

to 7.6.4.

7.6.2 Simulation of aco@stic emission sources

Simulated AE sources:;are used to determine the sensitivity of each channel.

The requirpments-and recommendations for simulated AE sources are as follows:

a) They sheuld be capable of producing a transient elastic wave having a peak amplitude repredentative of
the A cign:\]c

b) Using a Hsu-Nielsen source is recommended. An electronically induced event or equivalent may be used.

¢) The detected peak amplitude of the simulated event shall be at a fixed distance from the sensor, typically
100 mm #* 5 mm, and the responsive value shall be the average of more than three events.

7.6.3 Determination of sound velocity

The sound velocity of the medium in the tank shall be measured for computed time-difference location

methods.

If the sound velocity of this medium has been obtained before, it can be set directly.

© 1SO 2024 - All rights reserved
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The sound velocity setting can also directly use the velocity of sound propagation of the medium in the tank.

Table 1 shows the sound velocity of common media in atmospheric storage tanks at room temperature.

Table 1 — Sound velocity of common media in atmospheric storage tanks

Serial number Storage medium Sound velocity at room temperature
m/s
1 Crude oil 1290
2 Water 1500
3 Gasoline 1250
4 Diesel 1250
5 Lubricating oil 1530

7.6.4 Balckground noise

The given
requires tg

If the back
backgroun

Common s
(e.g. betwe
leakage at

background noise at the test site limits the sensitivity of the test. A high\background
raise the threshold of the AT system. Thus, a high background noise induees a low test

bround noise is close to or larger than the AE signals caused by the'corrosion of the tan
d noise shall be reduced sufficiently. Otherwise, it is not meaningful to perform AT.

purces of background noise include friction (e.g. between floating roof and tank wal
en loose tank accessory and tank wall), vibration (e.g. of pipés in operation at or close t
pipe or hose connections, leakage of the tank wall or the tank floor or the gate valves

noise level
sensitivity.

k floor, the
), collision

b the tank),
heaters or

mixers in ¢peration, movement of mechanical liquid level indicators or other components inside the tank,

bubbles (e.
fixed tank
interferend

7.6.5 Se

. due to degassing of the storage product), interndal condensation (e.g. of warm gas pH
roof), precipitation, hail, wind, direct sunlightleading to thermal expansion, electi
e (EMI) or radio frequency interference (REFP).

hsitivity check and threshold

ements for the sensitivity checkare as follows:

hsitivity check for all channels shall be done before and after the test.

erage peak amplitude of any sensor shall be within * 3 dB of the average of all sensors
reshold of the AT system shall be set to a quantity within the acceptable range.

threshold to the-lower limit of the acceptable range results in the maximum allowa

is defined by Formula (1).

ase at cold
omagnetic

ble hit rate

e8]

The requir]
a) These
b) The ay
c¢) Theth
Setting thg
Ny, , which

=4
where

N

v

d

is maximum allowable hit rate (hits/s);
is sound velocity of the given storage product (m/s);

is diameter of the tank (m).

The maximum allowable hit rate is the inverse of the time period needed for a sound wave pulse emitted at
the edge of the tank floor to travel the distance of a tank diameter through the liquid storage product from

one side of

the tank to the opposite side, as illustrated in Figure 2.

© ISO 2024 - All rights reserved
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As an example, the maximum allowable hit rate results in 60 hits/s with a tank diameter of 25 m and sound

velocity of

1500 m/s.

It is advisable that the actual hit rate on each channel does not exceed 10 % of the maximum allowable hit
rate. This ensures that the series of AE signals related to one AE event is well separated from the next series
of AE signals related to the AE event right after the previous one.

Setting the detection threshold just above the upper limit of the acceptable range results in an invalid test,
where the detectability for the considered corrosion phenomenon is not met.

d diamet

sound Y
S AEsou
XD AE sen

Figure 2 -

XD

br of the tank

8 Perfo

8.1 Storage tank liquid level and condition

AV4AnY
nND

belocity of the liquid storage product
Fce at the tank floora€ar the tank wall
bor at the cylindrieal'tank wall

— Top view on a tank floor with 8 sensors mounted onto the tank wall for each s¢

tNSOr row

The requirements for storage tank liquid level and tank condition are as follows:

a) During the test the product in the tank shall be the operating product.

b) The inlet and outlet valves and other sources of interference, such as agitators and heating facilities,

shall b

e closed.

c) The liquid level shall be at least 1 m above the level of the second row (guard) sensors. The maximum
filling level is recommended.

© 1SO 2024 - All rights reserved
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d) Before the test, the liquid level shall be kept stable for at least 6 h for small unheated tanks, 12 h for
unheated tanks located in field or production sites, 24 h for crude oil and/or heated tanks and 12 h for
all other tanks.

8.2 Interfering acoustic emission sources

Interfering AE sources such as those listed in 7.6.4 can be encountered during the test and can affect the test
results.

The AT shall be suspended when large signals are detected from those sources. The testing can be continued
when those signals have been investigated and excluded.

8-3 Dat( anuioitiuu aud Ubbcl thiUllD c‘lul ills dLUthiL CllliDDiUll tcbtills
The requirgments for data acquisition and observations during AT are as follows:
a) The dgta acquisition shall include the parameters given in 6.8 b).

b) The arfrival times of signals shall be collected when using source location based:on the tim¢ difference
between channels.

c) The trend of the AE hits and/or AE events versus time shall be observed'during the test.
d) Foran|area bristling with located AE events, check whether there is’external interference.
e) A minimum of 1 h of data acquisition under suitable conditions‘is required.

f) If signpl waveforms need to be acquired additionally, their this data acquisition shall coyer at least
30 mir}.

g) During the test the background noise shall be monitored. Periods of obvious noise interferernce shall be
markef.

9 Interpretation of test results

9.1 General requirements

The generdl requirements for the interpretation of test results are as follows:

a) On completion of the test/the test results shall be documented in a test report.
b) A schematic of the paSitions of the identified AE sources at the tested tank floor shall be drayn.

c) Classiffication for\the corrosion status and recommendations for maintenance shall be dgne using a
systenp as givemnin 9.3.

d) Establlshéd procedures shall be used, including the sensitivity levels and acceptance critgria for the
classifjcation.

9.2 Data processing
The requirements for data processing are as follows:
a) The noise observed during the AT shall be determined and excluded from the evaluation.

b) Using software filters or graphic data display analysis methods, the AE signals with non-correlated
corrosion shall be separated from relevant AE signals and indicated in the test record.

c¢) If waveform acquisition is used, waveform analysis methods, such as frequency spectrum and wavelet
analysis, can be used to identify corrosion and noise signals and further remove noise signals.

© 1SO 2024 - All rights reserved
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9.3 C(lassification system for the corrosion status and recommendations for maintenance

The assessment of the tank floor is based on the activity and the localization of the corrosion sources.

The corrosion class is assessed by four different classes, as shown in Table 2.

The recommended maintenance and the time period until the next AT are also given in Table 2, based on the
risk management and safety assurance of the tank during operation.

a) For corrosion class IV, the user is advised to open the tank for immediate maintenance or use other

methods to assess the risk of continuing operation without maintenance.

b) For corrosion class III, the user is advised to prioritize maintenance or perform the next AT within

12 months

c¢) For corrosion class I, the user is advised to consider maintenance or perform the néxt|AT within
36 months.

d) For corrosion class I, no maintenance is advised but the next AT should be performied within 0 months.

Table 2 — Classification system for corrosion status of thetarnk floor

Time to next AT without

Corrosiorn sl Corrosion Recommendations .
Definition . maintenahce
class status for maintenance
months
[ No 51gp1f1cant No corrosion No maintenance‘advised 60
activity
11 Weakactive tank Questionable Considermaintenance 36
floor
I Active tank floor Serious Priority maintenance 12
1\% Very active tank Critical Top priority maintenance o
floor
The testing organization applying the classification method is responsible for meeting the classification
system dedcribed in Table 2.
Annex A dgscribes the classification method based on time-difference location analysis and gives gn example.
Annex B d¢scribes the classificationmegthod based on overall floor condition analysis and gives ajn example.
10 Documentation
10.1 General
The docunjentation‘consists of the written test instruction, the test records and the test report.
10.2 Written test instruction

The organization performing the AT shall prepare the written test instruction on the basis of the respective
NDT procedure.

The NDT procedure for the application and the use of AT for atmospheric and low-pressure metallic storage

tank floors shall be according to the following:

— this document, i.e. ISO 24489:2024;

— product standards;

— specifi

cations;

— codes of practice.
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The written test instruction shall be derived from these documents and shall describe all the essential
parameters as well as the precautions to be observed.

The following shall be included in the written test instruction:
a) the purpose of the test;

b) adescription of the storage tank to be tested, including geometry and dimensions, materials, design and
operating parameters;

¢) the application documents;

d) details of the qualification of the test personnel;

e) the AT|equipment, including the AE instrument, sensors, preamplifiers and cables;

f) the tegting software used;

g) detailq of surface preparation;

h) adescription of the test and the sequence of the steps when performing the test;

i) the artangement of the sensors, the mounting method and the type of codplant;

j) determpination of the background noise, the sensitivity of sensors and@ound velocity;
k) the teqting process, data analysis and interpretation;

1) the verification intervals for the AE instrument and the sensors;

m) the evaluation of test results;

n) other information to be included in the test report;

0) dated signature of preparing, reviewing and approving personnel.

10.3 Testirecords
The requirpments for test records are as follows:
a) The testrecords shall include at}east the contents given in 10.4.

b) The teft records and the AT\data shall be stored for a minimum of 60 months.

10.4 Testjreport
The requirpments for the test report are as follows:

a) The fofmat 6fthe test report shall be agreed at the time of enquiry and order.

b) The testreport shall contain sufficient information to enable the test to be repeated at a future date.
c) Atleast the following shall be included:
1) date and place of the test;

2) information about the metallic storage tank, including name, serial number, manufacturer,
temperature, medium, maximum level of liquid, material, nominal wall thickness and geometry;

3) level of liquid during AT;
4) areference to this document, i.e. ISO 24489:2024;

5) the written test instruction;
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6) identification of the AE test system, in particular all details necessary for the complete identification
of the type of instrument used;

7) type of sensors used, the arrangement of the sensors, the mounting method and the type of couplant;
8) instrument settings used;

9) artificial AE source used as reference;

10) results of the test;

11) any deviation from the test instruction;

12) organization responsible for performing the test;

13) name and qualification of the person who performed the test;

14) ddted signature of the person who performed the test or the name and sjgnature |of another
authorized person.
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Annex A
(informative)

Classification method based on time-difference location analysis and

an example

A.1 C(lassification method based on time-difference location analysis

Asquare o
10 % of thg

Recommer
a) The arg
events|

b) Accorg
be clas

detect

Accord
tank fl
Table 4

Table |

loor in the assessment area should be classified and évaluated from class I to class 1V, 4

" circular location cluster is defined as the assessment area by the length or diameter\o
tank floor diameter.

dations for time-difference location analysis and classification of AE sources-are as fol

generated per hour from those location clusters should be calculated:

ing to the time-difference location results, the AE source levels of each location clu
sified and evaluated based on a classification system covering the range from “few|
bd” to “huge number of AE events detected”, as shown in Table A.1.

ing to the evaluation results of AE events in the location cluster area, the corrosion

1.

\.1 — Evaluation and classification of AE sources based on the time-difference ld
analysis

Fmaximum

lows:

alysis of all location clusters within the tank floor should be performred*and the number of AE

bter should
AE events

rlass of the
s shown in

cation

AE
source
level

Evaluation of AE events in
location cluster area

Number of located events per hour in
the assessed area

E

Evaluation of ca
class of the tank f
assessment

rrosion
oor in the
hrea

I

EF<a Few I

II

a<E<b Medium II

11

b<E<ge Large I11

IV

E e Huge IV

The values|
with the s
tank, perfq

floor and inspecting the parts by visual testing (VT) or other methods.

of a, b and c in Table A.1 should be obtained by AT and verification on a series of stg

rming other non-destructive testing (NDT) or by cutting severely-corroded parts

rage tanks

hme specificafions and operating conditions. The AT results should be verified by opening the

f the tank

A.2 Example

A2.1 50

000 m3 storage tank

The storage tank is a heated crude oil floating roof tank with diameter 60,16 m and height 19,53 m. It has
been operated for 20 years.

A.2.2 Test equipment and mounting of sensor array

Fourteen AE sensors were evenly mounted on the wall of the tank about 0,3 m above the tank bottom.

The maximum height of the solid deposits in the tank was 0,1 m.
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The sensors have built-in preamplifiers, magnetic holder and the 30 kHz centre frequency.

The used couplant was vacuum grease.

The liquid level was 52 % of maximum level.

The inlet and outlet valves and heating facilities were closed 24 hours before the test.

A.2.3 Da

ta acquisition and processing

The determined background noise was 40 dB .

The acquisition threshold was set to 46 dB,.

The data a

Figure A.1
Figure A.2

Sensor no.
completely

A.2.4 Ac
The AT res

The a, b an
Table A.1.

cquisition lasted for 2 hours.
shows the representation of the time-difference based AE source location.
shows the distribution of AE hits in each channel.

6 was located near the six nozzles of the heating coils with valves. Sitice one valve
closed, occasionally an AE signal caused by a water hammer was geherated.

pustic emission testing results evaluated by time-differeénce location analy
ults evaluated by time-difference location analysis are shown'in Figure A.1.

d c values based on the time-difference source location-and the evaluation results ar

cannot be

e shown in
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A.2.5 Evaluation of corrqs.@1 status and recommendations for maintenance

According fo Table A.2, t rrosion class of the tank is determined to be class IIl comprehensively and it is
recommenfled that priQrt maintenance is performed.

v@lble A.2 — Evaluation of AT results by time-difference location

y
AE N%mer of located events per hour in | Number of AE location clus- Evaluation of cdrrosion
source ters-deteeted———classof thetankfloor in the
level E assessment area

I E<10 Area except level I], Il and IV I
II 10<E<50 9 II
11 50<E<300 2 11
A% E>300 0 1A%

NOTE 1 The source area is circular and its diameter is 8 % of the tank diameter.

NOTE 2 According to the AT results of 36 atmospheric storage tanks with a volume greater than or equal to 50 000 m3, the
magnetic flux leakage testing results of the bottom plate after opening the tank and the plate cutting verification of the severely
corroded parts, the values of a, b and c are determined to be 10, 50 and 300, respectively.
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If the storage tank users do not want to perform maintenance at that time, the AT may be carried out again
in 12 months to determine the corrosion development status of the storage tank, see Table A.3.

Table A.3 — Recommendations for maintenance and next AT

C . Time to next AT without mainte-
orrosion . . .
class Corrosion status | Recommendations for maintenance nance
months
I11 Serious corrosion Priority maintenance 12
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Annex B
(informative)

Classification method based on overall floor condition analysis and

an example

B.1 Classification method based on overall floor condition analysis

B.1.1 Ge

This meth
class is the
adjusted cl

The limits
internal in

The writte|
and the po

B.1.2 Ov

The basis f
number is

This numb

a) one-hd

neral

bd for determining the corrosion status first evaluates the overall floor condition. T
n adjusted by evaluation of potential local damage concentrations using At-location cl
ass defines the corrosion class.

between classes should be obtained empirically by AT on large ntumbers of tanks f
spection to relate the corrosion damage to the classes.

n instruction should define the limits between the classes for both the overall condit
fential local damage classes.

erall floor condition evaluation

or the overall class should be the total number ¢fhits of all channels from floor corrj
bbtained after filtering the data and after remgyal of the top row data.

er should then be normalized to:

ur test data, adjusted for the time taken out in the filtering process;

b) astandard number of channels;

9]
The stand

a targg

instruction.

t evaluation threshold.

hrd number of channeéls) and target evaluation threshold should be defined in t

The normaflized number ofhrits determines the overall floor condition class, as in Table B.1.

his overall
isters. The

bllowed by

ion classes

osion. This

he written

Table B[l — Evaluation and classification of AE sources based on overall floor condition analysis
AE Normalized number of hits Evaluation of AE source . .
source Evaluation of cornosion sta-
H tus of the tank floor
level
A H<d None or minor No corrosion
B d<H<e Few Slight corrosion
C e<Hsf Medium Medium corrosion
D f<Hs<g Large Serious corrosion
E H>g Huge Critical corrosion

The values of d, e, f and g in Table B.1 should be obtained by AT and independent verification on a series of
storage tanks with the same specifications and operating conditions. The AT results should be verified by
opening the tank, performing other NDT or cutting severely-corroded parts of the tank floor and testing the
parts visually (VT) or by other methods.
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