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Underground vessels typology

Polyethylene shell

Epoxy resin coating and cathodic protection
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According to an italian law
of 1974, vessels must be
checked every 10 years.
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Vessel are dug out for inspection
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According to an italian law
of 1974, vessels must be
checked every 10 years.

If found compliant, they can be operated for an
additional period of 10 years.
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Traditional methods of inspection

require that the vessel is unearthed,
which means that they are
cumbersome, slow and expensive,
i.e. very cost-ineffective.
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The AE method
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Typical AE test arrangement

O Sensors
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Typical AE burst
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The AE method has many positive characteristics

EN 13554 - Non-destructive testing - Acoustic emission - General principles
5.2 Advantages and features of AE

* Itis non only non-destructive, but also non-invasive;

* it allows 100 % monitoring;

* it allows detection of sources, depending of the materials properties, up to a distance of several meters;
* it is sensitive to dynamic (evolving) defects in the material structure but not to static defects;

* it offers a dynamic real time monitoring of any discontinuity that grows under the applied stress;

* it can be applied to monitor the structures during operating conditions;

* itis capable of accurately locating a defect.

INQIL
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INQI

N 12818:2002 / EN 12817:2010
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EN 12818:2002 / EN 12817:2010

5.3 Requalification

5.3.1 Requalification intervals shall be specified in the written scheme. Requalification shall conform to either a) or b).

a) Individual requalification of each tank Individual requalification shall include at least one test from group 1 and one
from group 2 of Table 1.

Group 1 Group 2
Internal visual inspection (see annex A) External visual inspection (i.e. excavation)
Hydraulic pressure test (see annex B) External monitoring by camera etc. (see annex E)
Acoustic emission test (see annex C) ] Cathodic protection monitoring (see annex F or G)
Ultrasonic thickness test (see annex D) Moisture detection (see annex H)
Other equivalent method

INQIL
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Research activity was
----- planned (2002 - 2004)
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Frequency range, number and
location of sensors were optimized
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Sensors

AN\

1. VS900-Ric 100 - 900 kHz A

High sensitivity AE-sensor (wide band) with integrated
preamplifier (34 dB) and calibration bypass. H o
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5 sof QO N\ oY ey
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to drive long cables.
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Configurations

Full (black) and reduced (red)

P = = configurations of sensors

‘\\\\7L///9’-'p # 11 sensors (full)

P 2 sensors (reduced)
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Real world tests were performed
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Hardware and software
aboard a dedicated vehicle
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Pressurization system

| Pressure sensor]
AE Acquisition system | /
AE Signals Closed circuit
ﬂ pressurization system

AE Sensor

LPG Vapour
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The operational sequence was laid out

INQIL
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AE test sequence

Vessel is disconnected

Vessel is connected to
pressurization device

Pressurizzation
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AE test flow chart

Recording of background noise

RMS <10 pV ? )

Vessel has been regularly
pressurized up to the
programmed value P, _.?
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Data Analysis Model was developed (2004)
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Signal acquisition and parameter extraction
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Synthetic evaluation index — 1 (ICSE)

ICSE = f(HC, EC, k, | AC—0.5])

HC is the cumulative number of AE bursts that can be successfully located;
EC is the cumulative energy of all HC bursts;
K is the number of the most energetic events needed
to account for 50% of the cumulative energy released;
AC is the “area factor”, calculated as the (sign-independent) departure of the
Normalized Cumulative Hits-Energy (NCHE) area, from the “ideal” value of 0.5.

INQIL
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Synthetic evaluation index — 2 (ISRE)

Cumulated Energy

Pressure
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Synthetic evaluation index — 2 (ISRE)

Cumulated Energy

— c 2.9 ISRE = 1

[l AEC(2Ap

Pressure
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AE test on-line analysis

10°q 10
100917« Chanal 1
9 e Chanal2
S 2,0x10° C 10°4 1
85 1x0* ] |
1,6x10° 4 2000
3 406
= 2 1400 g 10° _
= ° r 5 1500 %
3 2 1200 H - ]
2 g 2 >
2 5 ox0r] 3 A S 104
3 E 3 100 G o 104
I 5 soar] | H > it
g £ 3 o~ P
5 60x0' [ - // P s
H % e :
2 4o ~ 2
i T 10°4
20010' N —— [ B 00
T T T T T T ] 00 T T T T
6 8 10 12 14 16 18 6 8 10 12 14 16 18 6 8 10 12 " 16 18 8 10 12 14 16 18
Pressure [bar] Pressure Pressure Pressure
\/ 17NAR11R
10°y 1 £ UX J ~10
10° 4 108
2 05
‘ “ Jos
fif 04-| @
- = iy ‘ g
= f | & A m
ry 1 | 8ol || Ho4
3 154 | £ \ [l
2 « T B . g
1} | H f 8 024 \
B . IV f I £ A \ i N
| 3 ‘ Ho2
5 fir 1 O \ \
i gl A
Salk's Nt BE 00 Lgat. ! . . . 00
T T ; T T r | T T ; T r T ) 8 10 12 " 16 18
G 8 0 2 1 1 1 5 s 0 2 14 1t 1
Pressure
Pressure Pressure
AL Pressure [bar]

Dipartimento Innovazioni Tecnologiche e Sicurezza degli Impianti Prodotti e insediamenti Antropici




AE test Evaluation Factor Yy (Gamma

ICSE e ISRE are incorporated into a single synthetic
index of structural integrity y
(Evaluation Factor)
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/
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Class 1

ICSE

ISRE

Vessel is
compliant

INQIL
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Class 2

ICSE

ISRE

INQIL
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Class 2

More than 8 hits with A > 85 dB
More than 25 hits with A > 75 dB
More than 1000 hits with A > 40 dB
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AE procedure test report

i

INQIL
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W

Comparison with other evalutation
..... methods was carried out (2004)
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Gamma (Italian method) vs. FAEA (French method)
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Gamma (Italian method) vs. CEF (Austrian method)
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Italian Legislation was issued (Sept 2004 — Jan 2005)

INQIL

Dipartimento Innovazioni Tecnologiche e Sicurezza degli Impianti Prodotti e insediamenti Antropici




Decreto 23 settembre 2004
Ministero delle Attivita Produttive. Modifica del decreto del 29 febbraio
1988, recante norme di sicurezza per la progettazione, l'installazione e
I'esercizio dei depositi di gas, di petrolio liquefatto con capacita complessiva
non superiore a 5 m3 e adozione dello standard europeo EN 12818 per i
serbatoi di gas di petrolio liquefatto di capacita inferiore a 13 m3.

.....the ten-year checks on LPG vessels with a capacity not exceeding 13
m?3 can be carried out, as an alternative to the methods provided for in
art. 4 of the previous inter-ministerial decree of 29 February 1988,
using the Acoustic Emission method according to the
European standard EN 12818:2002

INQIL
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Decreto 17 gennaio 2005
Procedura operativa per la verifica decennale dei serbatoi interrati per
GPL con la tecnica basata sul metodo delle emissioni acustiche.

...... structural assessment of underground LPG vessels can be
: carried out using the ISPESL/INAIL AE procedure only by
G <l o e : selected (“competent”) bodies which have received an_ad-hoc

i rammonta che s campagna per i rinnovo degll abbonamenti 2005  ferminata il 31 gennaio &
‘gl abborat

e o authorization by the competent Italian Authorities. Such

“Competent Bodies” must comply with many technical and
MINISTERO organizational requirements according to Annex 2 of the above
DELLE ATTIVITA PRODUTTIVE 3 .

mentioned decree D.M. 17 January 2005. At the same time,

(e ———— only qualified personnel is allowed to operate. The personnel

v e vedarpen v— qualification is issued by ISPESL/INAIL after clearing the

final exam at the end of an eighty-hour training course, based
on the scheme laid out in standard ISO EN 9712.

DECRETO 17 gennaio 2005,

INQIL
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= Ex-post verification of results (2006)
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AE source location
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Comparative analysis
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Each AE test always comes accompanied

by another Non-Destructive Test

according to EN 12818:2002 or EN 12817:2010

lllll
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Assisted direct Visual Testing by fibre-optic endoscope

polyethylene (GPOL) vessels
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Direct Visual Testing

polyethylene (GPOL) vessels

INQIL
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Cathodic Protection Monitoring

epoxy resin (REAS) vessels

Disconnected

electrode

A
/R
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Country National Law Subject Date
BGBI n. 211/1992 and Replacement of the Hydraulic 24th March
Austria BGBI. I n. 136/2001 test with an alternative NDT 1092
method
Portugal Despacho n. 252 LPG vessels with capacity up | 30t October
30 de Outubro de 2001 to 200 m3 2001
Decreto del Ministero delle Design, installation and
Attivita Produttive service of LPG vessels with
(GU n. 243, 15.10.2004) capacity not exceeding 5 m3.
Italy Adoption of the EU standard 15"‘2(88t:ber
EN 12818 concerning LPG
vessels with capacity up to 13
m3
BGBLA_2004_II_420 Underground and above-the- 4
. ground LPG vessels, along
ustria 2 November
with other pressure 2004
equipment
Decreto del Ministero delle Periodic 10-year assessment
Italy Attivita Produttive of underground LPG vessels 7th February
GU n.30, 7.2.2005 + Suppl. with a technique based and 2005
Ordinario n. 15 Acoustic Emission
Real decreto 918 2006, LPG vessels with capacity up o
Spain 28.7 ITC-ICG 03 to 2000 m? 28" July
(adoption of UNE 60250:2008) 2006
Portugal Despacho n 24 260/2007 LPG vessels with capacity up | 23t October
to 200 m? 2007
Décision BSEI n. 09-102 du 29 | Spherical vessels for liquids
juin 2009 (application Guide or gases - Annex III, small
des bonnes pratiques pour le LPG vessels (up to 13 m3)
contréle par émission both underground and above- -
France acoustique de I'’AFIAP); the-earth - Annex 1V, 29 July
cylindrical vessels - Annex 2009
Updated by VI, reactors for chemical
Arrété du 20.11.2017 substances - Annex VIII -
(updated AFIAP Guidelines) Annex IX
Resmi Gazete n. 28628 LPG vessels with capacity up 25t April
Turkey 25.4.2013 (recepimento EN to 13 m?3 and exceeding 13m?3 2015
12817 e EN 12819)
Betriebssicherheitsverordnung | Replacement of the Hydraulic
Getthar am 1.Juni 2015 test for pressure equipment 1st June
Y (EA Kompendium DGZfP 2018) | with an alternative NDT 2015
method

Use of AE-based methods for requalification of underground
LPG vessels has spread throughout Europe

INQIL
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GB/T 18182-2012 Acoustic emission examination and evaluation of metallic pressure vessels

INQIL
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—.... and here we are, after 15 years (2018)
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Classification of tested vessels

| Number |Percentage
Testedvessels |  215529]  100.00 |
CLASS2  (rejected) |  2403] 111 |
CLASS O __(not evaluable) | 3553] 165
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INQIL

Statistical analysis of Gamma distribution

I GPOL | REAs |
Total number of tested vessels 76395 100 % 138889 100 %

CLASS1 _(acceptable) 135890

CLASS2 _(rejected) 0.52 %

CLASS 0_(not evaluable) | 1293] 169% [ 2260 | 163% |
3

Epoxy resin Vessels

Polyethylene Vessels

—Distribution of experimental data
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With safety in mind, Fi RST
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s Milano, 20 Febbraio 2019
1 Ns rif: 36 — EA/ap

Comitato Italiano Gas
Ente Federato all UNI
Ente dotatc dl Perscnalth Garidics Gentile Signor

i Direttore Generole

Ing. Carlo De Petris

Laboratorio Controlli Non Distruttivi
Xl Unita Funzionale - Dipartimento
Tecnologie di Sicurezza

INAIL - Settore Ricerca, Certificazione e
Verifica

Centro Ricerche INAIL

Via Fontana Candida, 1

00040 Monte Porzio Catone (RM)

OGGETTO: EVENT! INCIDENTALI PRODOTTI DA SERBATOI PER GPL DI CAPACITA SINO A 5 M?

INQIL

2000 - 2017

Anno 2013: 1 evento incidentale

L'Incidente non & zttribuibile al serbatoio stesso, risultato Integro ed al momento del fatto non attivo in quanto I'utenza
aveva realizzato I'allacciamento al gas naturale di rete; la Perdita di GPL si & verificata dal manometro di livello del
serbatoio, e per cause varie ha provocato un’esplosione con incendio, con soli danni materiali.

Anno 2015: 1 evento incidentale

Lincidente non & attribuibile a difetti strutturali del serbatoio, bensi ad una dispersione di GPL awvenuta nella stessa
giornata in cui il serbatoio era stato ricaricato.

Si sono registrati solo danni materiali.

Anno 2017: 1 evento incidentale

L'incidente non & a difett] li del io, bensi ad una disp
una errata manovra dell’utente sullindicatore di riempimento/livello del serbatoio.
Si sono verificati danni materiali e ferimento non grave alla persona che aveva effettuato la manovra, Non si & avuto
incendio o scoppio.

di GPL avvenuta a seguito di

1. 2013 - This accident is not linked to the vessel itself, which was found to be
intact; LPG leaked out from the manometer and ignited an explosoin with fire,
which resulted in material damage only.

2. 2015 - This accident is not due to structural defects of the vessel, but to LPG
spilling out of the vessel sometime in the day when it was refilled. This resulted
in material damage only.

3. 2017 - This accident is not due to structural defects of the vessel, but to LPG
spilling out of the vessel due to an erroneous behavior of the operator filling
the vessel itself. The operator was lightly injured. No explosion or fire resulted.
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Was the procedure for field testing laid out on solid ground,
based on a custom-planned experimental research?

Was data analysis carefully assembled to give a reliable
result, while adopting a conservative approach?

Was the entire process validated over and over again both
against traditional NDT methods and against AE-based methods
developed in other countries?

Is it perfect?
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Thank you for your attention
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