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Tank farms for storage of liquid substances »enivibes

Liguid substances are often stored in large quantity in storage tanks, grouped in tank farms.
Networks of interconnecting piping are needed to move the substances between tanks and origin
and destination of substance
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Business gap & need vibes

Storage tanks get corroded, typically inside, and need periodic maintenance
Extent and degree of corrosion is unknown before emptying and internal
INnspection
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Business gap & need vibes

Pipes can get corroded as well

Metal loss
Thickness reduction

S5 Strictly confidential - this document is property of Enivibes s.r.I.
It shall neither be shown to Third Parties nor used for purposes other than those for which it has been sent.



4 industries accouting for 89% of global expenses on

tank integrity monitoring

Remote Tank integrity monitoring expense by Industry!

Other*
11%

Food &
Beverage

12%

Top 4
industries

Water Mgmt. Gk
&Treatment

Chemical

Source: Accenture elaboration on Mordor Intelligence data

Industries in scope with the

analysis
Qil & Gas Chemical Water
mgmt. &
Treatment

Industries further refined based on:

= Use case relevance - Leak criticality

= lse case availability [storage tank volumes)
= Asset fit

= Market solution industry coverage

Mote: 1) Market is still limited due to low presence of solution meeting customers' requirements — see Phase one analysis
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O&G emerges as the primary target market
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Use case
relevance

Use case availability
and volumes share

Prioritization

Criticality and impact of a
potential leak

Global share of storage tank that
could be potentially targeted
and presence along the value

fh

OIL&GAS!

'IO

~75%

Along the entire value
chain, with biggest
volumes in midstream

{>

CHEMICAL?

20

Medium-High

~20%

Both in productive
plants and somehow
in tank farms (big

Low relevance

<5%

Especially in
midstream phases
where water and

Low

<5%

vibes

Low relevance

Inside industrial
productive plants,
stocking ingredients

2023 : Jisiy
( ) chain & downstream companies) wastewater could be
Upstream - limited stocked before and
number and sizes after processing
Big tanks reaching Small-Medium tanks
Average tank dimensions (and p = o g with an average . “ R
e AR e S >100.000 m3 with up diameter of 10 mt and Few large tanks but Few small storage
usoi - | e ] 1 . 5
Asset fit P Y1) ying to 100 mt diameters not necessarily made tanks both made of

e-siam® application in relation to

up to 2.000 m3 of

2 . . generally made of " e R of steel steel and plastics
possible installation layout capacity, generally
steel 4
made of steel
Percentage of companies
Market solutions offering corrosion monitoring 80% ) 10% 10%

industry coverage

Note: 1) Interview with TotalEnergies Plant Manager 2)Interview with

solution targeting a specific
industry segment

simultaneously targeting more than one industry

BASF Plant Manager 3) Market solutions coverage total is above 100%
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Metal Fatigue and Crack Formation vibes

Repeated deformation in metals causes them to break and crack

Crack life cycle
Discontinuity in the nmM
material
Micro-crack UM Ay
Visible crack mm

Visible crack occurred in the pipeline (picture provided
by Eni SpA, all rights reserved)
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Stress-Corrosion-Cracking W enivibes

Preconditions for the existence of Stress-Corrosion-
Cracking:
. Environment conditions favourable to corrosion

. The presence of a metal imperfection/damage
INnitiates the SCC phenomenon

. The presence of stress amplifies the phenomenon
and gives birth to Stress Corrosion Cracking

Threshold stress intensity —I I
i I Stage 1 I | Stage 2 I Stage 3
tlle—>|« JE=
(v]
5 [/"—
Stress Ilntensity
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Hydrogen Induced Cracking

10

vibes

inclusion

lattice

A crack occurs when the atomic hydrogen migrates
to a trap site and then becomes “trapped.” &

Corrosive reactions with H2S produce hydrogen ions @ — 0® L/stress
mono-atomic hydrogen diffuses into the metal @ () @Q @ O. driven
®e r\diffusion

't
m Pipe wall
l & (65
@ @ envif:rl:r';lent

Strictly confidential - this document is property of Enivibes s.r.I.
It shall neither be shown to Third Parties nor used for purposes other than those for which it has been sent.




Corrosion — Acoustic Emission

Several corrosion-related phenomena generate acoustic emissions

metal '
dissolution H: gas evolution AE Breackdown of

AE AE \ thick oxide film
w“ M>M+e \H +e»1/2H:
v V

anodic catodic
reaction reaction

AE metal dissolution

Fracture or decohesion »AE  SCC crack propagation

of precipitation &

i - AE Plastic deformation

Slip deformation
Twin deformation
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Fluid-borne vs Structure-borne Acoustic Emission vibes

Fluid-borne AE
« Propagation in internal fluid

S. AE
sensor .  Long distance (tens of meters
Hydrophone/AE Sensor to kms, depending on
I i i frequency)
O O u « Hydrophones (low frequency)
(’ (((((( ))))))) ) e AE sensors (DZT1 h|gh
frequency)
Leak transient
Structure-borne AE
S. AE  Propagation in pipe or
sensor tank shell
éS. AE sensor New crack 1 é * Short diStal’zce (;neters)
S ﬁ « AE sensors (PZT
( )
12 Strictly confidential - this document is property of Enivibes s.r.I.

It shall neither be shown to Third Parties nor used for purposes other than those for which it has been sent.


http://www.clker.com/clipart-26388.html
http://www.clker.com/clipart-26388.html
http://www.clker.com/clipart-26388.html
http://www.clker.com/clipart-26388.html
http://www.clker.com/clipart-26388.html
http://www.clker.com/clipart-26388.html

Corrosion detection methods

13

Method name

Detectability

Detectability

Applicability to
SHM of storage

Applicability to SHM

Notes/comments

of SCC of HB of buried pipelines
tanks
Visual Testing Application for SHM is currently difficult due
(remote visual Yes Yes Yes No to camera magnification, lighting, and human
inspection) factors
Ultrasonic
Testing & Based on off-line evaluation, equipment
Yes Yes No No
Phased array effective only for local inspection
ultrasonic
Guided An effective method that is often seen as
ultrasonic Not found in promising in SHM, however it is difficult to
Yes . Yes Yes . . )
waves (GUW) literature implement when inspecting large storage
tanks (by virtue of their design)
Potential Drop May be considered as an auxiliary method
Yes No No Yes . o
but only for buried pipelines
Acoustic
Emission Adaptive for SHM and universal. The
Testing Yes Yes Yes Yes disadvantages include the difficulty in
(passive and interpreting the results.
active)
Eddy Current In the literature, a weak sensitivity of the
. No Yes No No .
Techniques method is often noted.
Magnetic An effective method for on-site inspection to
particle confirm defects, but cannot be used for SHM
) . Yes Yes No No o
inspection because it is completely performed by
humans
Digital Based on off-line evaluation, traditional
) Yes Yes No No . . . .
radiography equipment effective only for local inspection
Neutron ) -
No Yes No No Highly specialized approach
tomography
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Acoustic Emission Technique (AET) W enivibes

Reference:

«Acoustic Emission Testing»
« Non-Destructive Technique (NDT) Christian U. Grosse, Masayasu Ohtsu,
 Passive technigue (No active sources) 2008

« Applied during loading
« Requires few sensors compared to other NDT (e.g. tomography)
« AE detects the formation of new cracks and the progression of existing cracks or friction processes.

« AE waves are elastic waves

* neither ultrasonic nor acoustic. load

* AE can be: -
, , . Medium
« P-wave (longitudinal wave or volumetric), .
S Receiver

« S-wave (transverse wave or shear), AT

«  Surface/Guided waves L

«  Mode conversion!! Source passive techniques
14 Strictly confidential - this document is property of Enivibes s.r.I.
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Sensors and Instruments Wwhenivibes

* AE instrumentation:
 Sensors to convert elastic wave into electric signal

« Preamplifier and bandpass filter to increase the maximum cable length and remove background
noise.

 Acquisition (DAC) and storage
 Elaboration software to performs the detection and localization of the source that generates the

event.
AMPLIFICATION
Preamplifiers
Main-Amplifier >
AE sensor
(—\ AQUISITION
AND STORAGE
Pre-Amplifier Band- Pass Filter
Fig. 2.8. AE detection system. Sefinoe pisPLAY ..

DETECTION

<
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AE Sensor Selection Wwhenivibes

« AE sensors must be chosen according to the specific application:

« Environmental conditions such as temperature, hazardous areas or presence of water and oil. Select
sensors suitable to the operating conditions.

« Research and feasibility study, applications when the elastic response of the medium under
investigation is unknown. Broadband sensor.

« Modal analysis of the structure, the widest range of frequency must be detected. Broadband sensor.

« Structural integrity monitoring, in some cases it's not important the frequency content of the signals,
but only the classical time domain parameter such as Amplitude, Duration, Rise time, Energy.
Resonant sensor.
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It shall neither be shown to Third Parties nor used for purposes other than those for which it has been sent.



Acoustic emission sensors

1.6.6.3 AE Softland Times Sensor

a0

VS275-RIC

VS375-RIC

vibes

The V53T5-RIC is a piernelectric AF-sensor with integrated preamplifier_ Its frequency response is characterized by a peak at 375 kHz whens
frequency response bridges the gap between standard frequency range and high frequency range.
The integrated preamplifer has 34 dB gain and supports pulse through for automabc sensor festng.

it exhibits a resonance. its

Type Diameter | Height| Port |Shell Material| Contact | Frequency Center Operating
Surface Range frequency | Temperature
Material
RS-13A 23.5mm | 36mm | M5-KY |[stainless steel|l Ceramics | 16-60KHz 40KHz -20-130°C
RS-14A 23.5mm | 32mm | M5-KY |stainless steel|l Ceramics 20-90KHz 50KHz -20-130°C
RS-15A 18.8mm | 22mm | M5-KY |stainiess steel| Ceramics | 40-150KHz 70KHz -20-130°C
RS-2A 18.8mm | 15mm | M5-KY |stainless steel| Ceramics | 50-400KHz 150KHz -20-130°C
RS-23A 18.8mm | 15mm | M5-KY |stainiess steel| Ceramics | 80-450KHz 200KHz -20-130°C
RS-24A 13.5mm | 14mm | M5-KY |stainless steel|] Ceramics | 100-500KHz | 250KHz -20-130°C
RS-25A 13.5mm | 11mm | M5-KY |stainiess steel|l Ceramics | 100-600KHz | 300KHz -20-130°C
RS-5A 18.8mm | 15mm | M5-KY |stainless steel|l Ceramics | 50-800KHz | Broadband | -20-130°C
RS-53A 13.5mm | 11mm | M5-KY |stainless steel| Ceramics | 50-800KHz | Broadband | -20-130°C
RS-54A 8mm 7mm | Straight |stainless steel| Ceramics | 100-900KHz | Broadband | -20-130°C
Lead
RS-35C 304mm | 386m | BNC |[stainless steell Ceramics | 50-400KHz 150KHz -20-70°C
Integrated m
Preamplifie
Sensor40dB

A =20
dB re 30 1
1Vipbar
-40 4
50
-80 1 T T T T T T T T
0 100 200 200 400 500 ©0D 700 S00 900 1000
flkHz —>
Technical Specification
Frequency Range (fow) [kHz] 250 1o 700 (375) Size (D x H) [mm] 286x315
Power Supply [vec] 28+2 ‘Weight [g] 80
Typ. Power [W] 0.56/ 2.5 @ Signal 0% 7 1076 Case Matenal Stamless Steel (145711 1.4404)
Integrated Preampifier Yes ‘Wear Plate Ceramics
Preamplifier Gain [dB] M Connector BNC
Pulse Through Yes Shield Cross-Talk [dB] <80
Operating Temperature [*C] -40 to +85 Typ. Noise (max. 1s) [dBagpew] 28.0@ B85 - 350 kHz
Vibration - Sinus Sweep 2 Oct/Min, 5to S0Hz. 20 g Typ. Noise [V aas] 4.5@ 05 - 850 kHz
Ingress Protection Rating P40
Accessories
Mounting Holder MAGHR Sensor Cable BNC-xM
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AE parametric analysis whenivibes

 Identification of AE signal
« Voltage threshold excess
« AE signal parameters - Conventional parameters
* Hit (a signal that exceeds the threshold)
+ Count (nr. of times within the duration, where one signal (waveform) exceeds a given threshold
+  Amplitude

* Duration Signal acquired by a sensor: Mechanical wave field

* Risetime impulsive waveform
* Energy Rise Time
« Other parameters . =
. o . T / AE Count
* RAVvalue (a calculated feature derived from "Rise time” divided Peok i
" . ” B . . . /) -
by “Amplitude”, showing the reciprocal of gradient Amplitude i K
- Frequency parameters A sl hreshold
. Averadge frequenc \;"‘vﬂv“unvnvhuﬂ{}“vﬂ"nv"\,rnvnv f\u!\Unvnvﬂuﬂuﬂvﬂuﬂur\vnu!\vnvﬂ ¥
ge frequency A\ TRATRVATATA)) A
° Iﬂltla| fl’equeﬂcy Background noise \‘ _U\ uw}i Background noise
. \ AN
+ Reverberation frequency -‘&,’ AE Energy
Frequency centroid Duration

 Peak frequency
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AE signal-based analysis

Localization techniques

« Zonal and planar localization

* Source located within the sensitivity range of one sensor
« 2D/3D localization

* Arrival times are used to invert for the source coordinates and the time of origin
« Moment Tensor Inversion (MTI)

« Measurement of displacements

*+  Assumed model of medium

+ Methods

+ Absolute inversion (Green's function from theory)

* Relative inversion (Green's function from reference event)

19
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Applications of AE - fields

« AE in Concrete
* AE in the Study of Rock Stability
« AE in Wood

 AE in Superstructures (aboveground)
« Bridges and buildings
« Concrete structures
» Steel structures

* AE in Substructures (underground)
* Footing, pile, and pier

* AE in Steel pipelines
* Giunta and Budano

 AE in Storage Tanks
« |IS Service (Italian Institute of the Welding)
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Literature Review Wwhenivibes

Amplitude and frequency of AE

* This analysis seems to be confirmed if we look at the amplitude distribution (Fig. 14a). It consists of a
deformed gauss curve essentially situated between 42 and 52 dB.

« The mean frequency is centered around the resonance frequency of the sensors that were used. It can be
noted that the majority of frequencies is comprised between 130 and 150 kHz.

Ferrer R., et al. 2002

AE sensors
/ /
200 14000
180 T — Channel 1 12000 —e
/ 160 A — Channel 2 [ , — Channel 2
. £ 140 || @ 10000
«—— Refngerant = I —Channel 3 = — Channal 3 \
5 120 YA “; 8000 \
o . 8 1$ Hlll A £ 6000 ! l
Temperature BEvial sanpies 2 o VAW 2 000
control U-bend 40 _;f \1\;\ 2000 R\
% R AL
0 ' ; ; i ] ’ . |
30 40 50 60 70 80 50 100 150 200
Amplituda (dB) Frequency (kHz)

~ Stirred medium
Figure 14a: Amplitude distribution of the Figure 14b: Frequency distribution of the
signals. Channel 1=stress relieved sample. signals. Channel 1 = stress relieved sample.

Figure 13: Experimental setup [Ferrer R., et al, 2002]. Channel 2=stressed sample. Channel Channel 2=stressed sample. Channel
3=hyper stressed sample. 3=hyper stressed sample.
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It shall neither be shown to Third Parties nor used for purposes other than those for which it has been sent.



Literature Review vibes

Waveforms of AE by corrosion-related phenomena o0s; X
= (@) s (b)
E T oo i
« Calabrese, L.; Proverbio, E. A Review on the E g asn]
Applications of Acoustic Emission Technique in £ £ oo
the Study of Stress Corrosion Cracking. Corros. B i '
Mater. Degrad. 2021, 2, 1-30. Time (s) Frequency (kHz)
02 % el Gsove- -
. _ 018 l| (c) = 03"(’::: (d)
https://doi.org/10.3390/ cmd2010001 § = T— g e
S s + . % o:z;::
(a) 500 5 oO-; { : : % o:::’é:
) 3 ! J ! 0000?,: 1 .
' ; 5 MT‘i)me (ps;(mL — g ;’T'cqucnc,\ (k;lo;’)
S : 87 E i ool —F—— 1+
i, T : T © 5 ooz E O
i ~ g o ‘ s :
' T 3= 1t R ——
' < 33 = < tot :
-850 20 150 250 350 450 550 630 750 850 950 3$ ; E— 0 004 4 -
time/us tme/ps 00013 3 3 o oogE = = -
(a) (b) Time (ps) ° =00 1000

Frequency (kHz)

Figure 15. Time-frequency Wavelet 2D diagrams of (a) micro-cracks and (b) macro-crack AE signals for stress corrosion Figure 4: Typical AE waveforms are reported along their spectral content. (a) observed during hydrogen gas

evolution, (b) Frequency spectrum of AE signal during hydrogen gas evolution, (c) Typical AE waveform
observed during rupture of the passive film, (d) Frequency spectrum of AE signal during passivation, (e)
Typical AE waveform observed during metal dissolution, (f) Frequency spectrum of AE signal during metal
dissolution.

cracking on aboveground storage tank floor steel [80] (Copyright 2020, with permission from Elsevier).
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“Acoustic Emission Technique for Damage Assessment vibes
of Gas Pipeline in Hydraulic Test”, A. Lucci et al.

« Two pilot pipeline sections were built with pipes made of steel 48 in. OD, HDPE
coated.

« A hydraulic test until failure was carried out, monitoring the pipeline by using the
AE technique

3o 1400
/ 4 / / / O Failurs
f nso‘{lﬁ‘ 7 P A 6 7 -  oycls = - 120
/ s 1/ / o/ 4 / .J'. ¥ opd _| r
7
/ / / / / T oyl I—l
— i’ L o-- 3 1 [ L
[ BIGRK B1 [ c Bll‘_A y'r I I~ ol
BoB_¢ J el y 1. . ¥
7, / /B11B_¢ 7 oy =
f / | J = B o
ARV SARY | (TRA TR TR T
] b oty i 7 7 -
/ / / g 15 &
£
— 717 , | s 3
',1 / e J ',: .9 / B
o 18 AR I  Smm . B ¥ A f1— o IE
/ l/ / / f 10 4
i HUNBL -
$000 10000 15000 20000 25000 30000 35000
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= - 2%
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Clustes {men}: 0 0
Amay: T
Sensoel 1234806782 o %
1 7 4" day 5~ dary and v
dey dy Tima
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International Standard I1SO 24489 vibes

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

Table A.2 — Evaluation of AT results by time-difference location

AE Number of located events per hour in | Number of AE location clus- Evaluation of corrosion
source the assessed area ters detected class of the tank floor in the
level E assessment area
I E=10 Area exceptlevel II, IIl and IV |
II 10<E=50 9 11
I11 50<E=300 2 111
v E=300 0 v
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.

Table B.1 — Evaluation and classification of AE sources based on overall floor condition analysis

AE Normalized number of hits Evaluation of AE source . .
source Evaluation of corrosion sta-
H tus of the tank floor
level

A H=d None or minor No corrosion

B d<H=ze Few Slight corrosion

C e<H=f Medium Medium corrosion

D f<H<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.
Strictly confidential - this document is property of Enivibes s.r.I.
It shall neither be shown to Third Parties nor used for purposes other than those for which it has been sent.
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Example of tank inspection with AE vibes

Events

25

« The control is carried out by installing two rows of sensors
directly on the external surface of the shell: The highest row
of sensors has a "guard" function,

« The data collected are then analyzed and compared with a
database to qualitatively evaluate the active corrosion.

g diada s 2474

« The system is also able to diagnose the presence of active
leaks at the time of testing.

s
The control |s_carr|ed OLH; with a 24__ TK6 Mid-high activity Repeat test in 1year
channel Physical Acoustics acoustic
emission system and with probes with TK 49 Mid-low activity associated to Repeat test in 2 year
integrated gain preamplifier Clusters
TK 53 Important acoustic activity Repeat test in 3 months
TK 55 Mid-high activity Repeattestin1year
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e-siam™ - eni structural integrity acoustic whenivibes

monitoring

Eni patented technology provides an early warning system based on Acoustic Emission
and Vibration technology enabling continuous 360° corrosion monitoring of storage

VALUE
PROPOSITION tanks and interconnecting pipes, to minimize the probability of leaks and related financial
risk beyond potential visual inspection optimization.
Retrofitting Mozﬁg:ing In-service ﬁ:’:::?;?:; Wireless Safe

£

Easily applicable to Complete mapping Monitoring tank Real-Time tracking Data is collected ATEX
already existing of both storage tank without the need to of tank conditions remotely and certified
bottoms and walls empty it analysed in a control
unit

tanks

Owner: Eni spa
Licensee: Enivibes
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e-siam® corrosion detection - Working principles % enivibes

L

\_6 * An acoustic emission (impulsive waveform) is

o generated at the tank bottom
(~F----+---- _| SN ____f______“ I « The wave propagates (as a spherical wave) in
| E the filling fluid
: | « The wave reaches the e-siam high-frequency
| 1 sensors
| . . I
1
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E-siam® Proof of concept wienivibes

Laboratory scale prototype.

* The initial PoC involved the
realization of a galvanic process, is a

Several AE phenomenon characterization: closer approximation of tank

Tank charge/discharge

Galvanic accelerated-corrosion
Active exciter and screwdriver excitation

Vertical weld N22

Sensor 9

Sensor &

Sensor 7

20

Sensor 3

Sensor 2

corrosion

(\/)l upplla

F9203'XH20 i ron
anodic
site
Fe(s)>Fe?*(aq)+2e ——> @ >

Figure 9: Rust, the Result of Corrosion of Metallic Iron.

sensor 1

e-siam prototype tested on a
scaled tank UniBO
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e-siam® development Whenivibes

Prototypal system tested (Southern Italy)
 water tank TK-14, D7.39m, H6.Tm

« 3 SN with 3 AE sensors each

* noisy industrial scenario

« |Leak Detection functionality

« corrosion monitoring (through active sources)

o ematt = 5%
- All G150 transducers
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D Angle  Vref —r % - ';
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Figure 16: GUI for signal actuation at position “A”.
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e-siam project workflow

L
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Diagnostics

Monitor of environmental parameters
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Industrialized e-siam installed

32

2024: Firefighting water

= Dimensions: D14.4 m, H14.0 m
= No roof

= Fluid: water

= 4 Sensor Nodes

Results:

= |ndustrialized HW tested

= Measurement chain checked

= Long term monitoring in industrial
environment with real and
simulated corrosion

= Spill tests for leak
detection

vibes

Magnetic conduit

HF SENSOR 3

e-vpms®
accelerometer
sensor

#2

HF SENSOR 2

Installation SN-20
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Active source

Calibration — Active source at different positions
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Eni Site D (Eni Subsidiary) Whenivibes

Oil Tank in upstream industrial site

. Dimensions: D45 m, H15.0 m

* Floating roof

¢ Fluid: crude oil

+ 8 Sensor Nodes

*+ Painted on the inside (known initial

condition).

+  Filling/emptying operating cycle (1-2
weeks).

+ ATEX area inside the tank containment
basins

Results:

* Industrialized HW tested in upstream

scenario

* Longterm monitoring in industrial
environment with real corrosion

* Spill tests for leak
detection
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Intellectual Property vibes

Trademark e-siam®:

enl

« Registered in Italy, UE, UK, Al Patent application filed
Norway, US. integrity
- acoustic
« Pending: Canada. €=-SIaMm | monitoring
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Conclusion Wwhenivibes

Tanks and interconnecting piping are subject to corrosion and need periodic monitoring and maintenance

Abundant literature claims that corrosion activity is detectable by Acoustic Emission techniques

Regulatory framework defines Acoustic Emission inspections: method, equipments, results interpretation

e-siam patented technology aims at providing a monitoring tool which is
* Integrated in the asset
« Continuously operating
« Remotely operated
« Reliable

Two versions for two assets
e E-siam tank
* E-siam pipe

Pilot installations in Eni tank farms
* Crude oil, Diesel, firefighting tanks
* Interconnecting pipes

Encouraging results in terms of:
* Short and long-term corrosion monitoring
» Leak detection
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P enivibes

Thank you

Questions?
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