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Abstract. The paper present the research carried out apadnstruction a new
monitoring system using the AE method, in the aspdécthe adaptation to the
requirements of the storage tanks of the Polishigén of Economy of 21.11. 2005,
and to the provisions and conditions of maintenance

Leaks are structural failures especially in oldstouction of the single-bottom
aboveground storage tanks that are mainly causembtvgsion or by weld defects.
These damages from the degradation of materialsamatture are the subject of
investigations carried out within the frameworktbé Research and Development
Project of The Polish National Centre for Reseaatid Development entitled
"Design, implementation and use of a control systemmonitoring activity and
leakage of corrosive processes by acoustic emigsibh of storage tanks for liquid
media" - NR15 011410.

Researches of corrosion processes and leakageusi&hof AE were made
under laboratory conditions, as well as under dpeyaconditions of the storage
tank. The main aim of the tests was to record tbé&rence data, with
correspondingly wide range of the frequency spectfor the various stages of
corrosion processes and different kinds of leakse Tong-time AE background
monitoring tests on storage tanks in the differembnitored conditions and
additionally tests with the leaks simulator weref@ened. The environmental
conditions were monitored by the weather statiord awllected data were
synchronized with the AE measurement data - weadhéa were included to the
analysis and visualisation of AE data stream. Datalected during all
measurements are used in frequency and AE paraaetalysis in order to develop
the conditions and criteria of conducting AE moniitig on operating storage tanks
regarding condition of the tank bottom. The meanem data are undergo pattern
recognition analysis to separate the AE signals tdueorrosion and leaks from
background noise for different conditions measummeThe collected database is
also the basis of building the classifier, whictnadl the identification and reporting
of failure events (e.g. leakage, corrosion) durihg on-line AE monitoring. The
idea of the new AE monitoring system of abovegrowtorage tanks will be
presented.

Introduction
The article shows a further part of the work présgénduring EWGAE 2012 in paper

entitled "Analysis of Corrosion Processes and Laak&boveground Storage Tanks with
AE Monitoring".
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Environmental protection and the need to meet ¢a@irements of law concerning the
supervision of aboveground tanks intended for gi@dangerous media, causing search for
ever more efficient ways to anticipate and deteitical defects in the material of tanks.
This applies particularly to non-pressure or lowgsure tanks for hazardous liquid (toxic,
corrosive or flammable) stored in the bases of. fdef this type of tanks the primary threat
is influences of the corrosion on the material,stabtially dependent on the aggressiveness
of the stored medium and the type of material @sw®tlthe structural stress levels.

This issue is valid especially for large-capaciéymks with danger of explosion or
leakage of aggressive media. Existing methodsuoresllance of these type tanks usually
allow to take react after the occurring damagepmeviously informed of the approach and
the investigation into its critical state. One & responses to an existing problem may be
the protection of the tank leak into liquid fuelgttuilding a second bottom. The solution is
very costly especially in the case of tanks alreadservice, often technically risky because
of the stress relaxation resulting in cracking ttictural material structure outside the
protected zone.

Based on above facts, the Research and Developanejgct of The Polish National
Centre for Research and Development was establishieel project entitled "Design,
implementation and use of a control system for mooimg activity and leakage of
corrosive processes by acoustic emission (AE) aiage tanks for liquid media” - NR15
011410/2010.

In the project is proposed to solve this difficpifbblem through the application of AE
method to monitor continuously the technical caonditof the structure of tank during
service. It is proposed that the general solutibthe problem through research conducted
in the laboratory and research on single real siras and afterwards organization and
testing of storage tanks operated in the selecésg lfuels. During tests on real storage
tanks the leaks simulator was used. In long-time l#¥d€kground monitoring tests on
storage tanks in the different monitored conditiarese performed with use the prototype
of new monitoring system. The idea of the new AEnitaring system of aboveground
storage tanks is presented.

Laboratory tests

AE enables us to monitor the activity of corrosigmocesses as well as leaks detection.
Based on this knowledge the corrosion and leakréaboy tests were conducted. The main
purpose of the lab measurements was to recordvd#taappropriate wide spectrum of
frequency domain for different stages of corrogpoocesses and different kind of leaks.

During laboratory tests were used AMSY6 system Wi8iP 2 dual channel AE boards
made by Vallen Systeme GmbH. The following typessefsors were used: VS30-SIC,
SE45-H, VS75-V and VS75-SIC.

Laboratory testing for leaks using the AE methodeneonducted for different types of
leakages and the rate of the flow. It was usedldbkage simulator for comparison and
verification of leak in the laboratory and in reahditions on the storage tank.

Laboratory leak tests were intended to record Alkesaypical for leakage at different
rates (0,0 0,10 ni/h) and different shapes of holes. All tests weedgrmed in order to
collect the measurement data for the widest raagdifferent parameters of leaks.

Laboratory tests of corrosion using the AE meth@tenconducted on the specimens in
different stages of material degradation. The spens were obtained from real storage
tanks — material made from carbon steel of normality.



AE measurements of corrosion processes are intettdedquire AE signals typical for
various stages of degradation of the specimens,fandlifferent rates of progress of
corrosion (0,2G- 5,00 mm/year). Laboratory tests are performechertést stand, where in
special corrosive environmental conditions (3% NaQueous solution) specimens were
undergo corrosion processes. Also here, all test® werformed in order to collect the
measurement data for the widest range for diffgpanameters and stages of corrosion.

Measurement data collected during the tests weed s parameters and frequency
analysis in order to develop guidelines and catei conduct by AE measurement and
monitoring of bottoms of storage tanks.

Testson a storage tank

For AE testing it was selected one of storage tarikes refinery (PKN Orlen S.A.), which
cooperates with this project. The storage tank iservice and stores diesel oil. In figure 1
is presented the layout of AE sensors together thighaccessories of tank. AE monitoring
of this storage tank was conducted in order toaieterrosion and/or leak sources. In the
next step, AE background monitoring measurement® weade on the storage tank for
various operating conditions and under differenativer conditions.
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Legends: P — pipelines in/out; M — manholes; N zztes; D - drainage
Fig. 1. Layout of sensors together with the accessoristonfge tank

The measurements were performed in a variety ofrabipg conditions (e.g., for
different levels of stored product) and the envinemtal conditions. During AE monitoring
on the storage tank, it was used AMSY6 system A8tP-2 dual channel AE boards made
by Vallen Systeme GmbH. At the beginning the sayped of AE sensors as in lab tests
were used but in subsequent tests used the neimsinélly safe AE sensors model

ISAS3-030 (the resonant frequencies of 30 kHz).

Also the leak tests were performed on the storagl @ising a leak simulator. In figure 2
showed the scheme of such tests with leak simuiatorersed in the liquid inside storage
tank. The main part of the tests were made in din@esway as in laboratory leak tests with
leak simulator in the basin. The aim was to congumariand verification of leak tests in the
laboratory and in real conditions on the storage.tahe leak tests were made during
different operating condition and different weatbendition.



Leak simulator

Fig. 2. The scheme of tests on real storage tank withdeaklator inside

Long-term AE monitoring tests on a storage tank

Based on the results of the subsequent stages qirtject the prototype of the new AE
monitoring system was developed. In long-time AEKgaound monitoring tests on storage
tanks in the different monitored conditions weref@ened with use the prototype of new
monitoring system. The general scheme of prototgp&y AE monitoring system is

presented in fig.3.

Coaxial oil resistant
cables connect
sensors ISAS3 with
signal isolator SISO3
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Storage tank

Fig. 3. The scheme of tests on real storage tank withdaallator inside

Long-term tests for safety reasons as well as thlevant provisions require
unconditionally use in tank zone (hazardous area)ittrinsically safe apparatus (ATEX

certified for that zone).

In order to address the safety aspect of instakilegtrical equipment in an explosion
hazardous area, intrinsically safe AE sensors ISA%8signal isolators model SISO3 are
used. The SISO3 signal isolator is necessary teaelgalvanic isolation of the electronic
circuit in the explosion hazardous area and totlume¢ electrical power, voltage, current
and pulse energy delivered to the sensor in tharbams area. The SISO3 units are located

in the non-hazardous area nearby the AMSY-6 inaioat.

The prototype AE monitoring system consisted offttlewing elements (fig.3):

* AE sensors intrinsically safe ISAS3-030,
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» Coaxial oil resistant cables,

* The signal isolator SISO3 mounted in the casing@3S

* The AE measurement system AMSY-6,

* The computer with new prototype software,

* Weather station type MK-III-LR,

e The container where were placed most of above eltsme

ISAS3 sensors have been arranged according toctiem& shown in Figure 4. The

necessary number of sensors was determined basadanye of research studies on the
storage tank.
ISAS3

ISAS

ISAS3

Legends: P — pipelines infout; M — manholes; N zzfes; D — drainage
Fig. 4. Layout of ISAS3 sensors on storage tank duringigmm monitoring tests

The system worked automatically with the possipitit remote control via the internet.
The computer was connected to the internet via G&ddem. This allowed the remote
control and supervision over the work of the manitp system. Especially for the new
prototype system has been developed and builtéivesoftware "Automation Manager" by
Vallen Systeme. The new software was developeddbasethe results of the project.
Vallen Automation Manager is a separate softwardutefor continuous monitoring and
automation using Vallen acoustic emission equipment

The prototype AE monitoring system had been runfonglmost one year.

Results

AE measurements during leak tests enables us teeta of leakage and monitoring of
their states for different conditions. The mostssre parameter of AE regarding leak is
Root Mean Square voltage or RMS. The RMS valuehefdignal between two hits (the
time period from end of hit detection to next starhit detection) is continuously evaluated
and stored with the next hit as the RMS resuftrdivides information about the continuous
AE signal level below the threshold. Most practisause RMSS parameter, which is the
time driven Status Data Sets. RMSS can be usedotaton the background noise, even
when there are no hits at all.

AE measurements during corrosion tests enabledhaigiétection and monitoring of
active corrosion processes. These are long-terts thee to the duration of corrosion
processes. All measured data were recorded ataeweasurement sequences at different
stages of the corrosion degradation of the spe@men
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All collected data were used in numerical analysismerical analysis was performed
using the VisualClass to verify and compare tha diatm the tests of corrosion and leak.
The AE waves generated by leak and by corrosiongssources as recorded AE signals
were compared. For the analysis the selected datadll tests were used.

In figure 5 is presented the RMSS value for ackak during tests with leak simulator
inside the storage tank. The sensor number 2 vwsestl the place where was put on the
bottom the leak simulator. So, due to leak actitliy RMSS value was doubled.
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Fig. 5. RMSS value during leak tests with leak simulatside storage tank

Below, in the figure 6 is shown the use of the tdlidssifier to identify signals from
leak, as well as shown an analysis of the influeoicéhe number of sensors for such
identification and localization. Classifier workiwgell and identifies AE signals originate
from leak source, as well as from corrosion proegs$he minimum number of sensors in
this case is four (6b) because in case of use #&esors the number of detected, localized
and identified AE signals are not enough.

In figure 7 are presented collected data duringgimmm AE monitoring by new
prototype AE monitoring system. The horizontal ssti®ws the time in hours whereby the
time refers to the measurement time. In this daserteasurement started on Friday" ©8
October at 14:57. At this point of time there waslyably a switch of data files because the
old file reached a predefined limit. When this hapgd a new data file was started
automatically. The measurement finished approxipat&5h later. Whenever there is an
increase rain has fallen and was measured in mrat(@drresponding with litre per square

meter).
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Fig. 6. Location of AE events and their identification bge classifier - 7 sensors in row (a)
and 4 sensors in row (b)
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Fig. 7. RMSS vs time and rainfall indicator (a) and theeleof storage product in time in storage tank<b)
long-term AE monitoring

When the indicator is constant, e.g. a horizonta,|then no rain has fallen, which is
interpreted as good weather condition for acoustitssion data analysis. Every 24 hours
(at midnight) the rain indicator is resetting, wigavisible as decline in the value to zero. In
figure 7a is shown how weather station data wasbooed with acoustic emission data.
There are presented the average value of RMSSaamdndicator over time measured in
hours. While in figure 7b is shown the level ofrafged product in storage tank - change of
level in time corresponding with filling or emptgnof the tank. The RMSS value
increasing during rain (~2 h and 56 h) and drakyicacreases during filling of product (68
+ 76 h) the storage tank.

The new prototype AE monitoring system

Based on the obtained results of the project dgeelgrototype of a new AE monitoring
system. Results of long-term monitoring tests cetell on the storage tank allowed to
develop preliminary criteria for the new system kvofhe collected data are huge and
currently results and findings are evaluated awggirements for hardware and software as
well as analysis are revised.

In figure 8 is presented the scheme of new protdkE monitoring system of
aboveground storage tanks. The principles of ojperalf system are described below.

The monitoring measurements based on the facthkatvaves generated by the source
AE from the bottom of the storage tank, is procedsg the AE sensors mounted on the
tank walls into electrical signals. AE signals aransmitted via coaxial cables by the
protective barrier, and further using coaxial calitechannels of AE measurement system.
Successively are recorded and archived of AE measemt data for further processing,
analysis, classification and visualization. Simotausly the environmental and operating
conditions are monitored, leading to the detectibAE signals that indicate a leak and / or
the presence of an elevated activity of corrosioocgsses in the bottom material and
alerting operating personnel of the occurrencaiohsvents.

Conclusion

Based on the obtained results and on their analftsés following conclusions can be
drawn:
* It was obtained very good result during tests ak$eusing the leak simulator on the
storage tank in real conditions,



It is possible to simulate leaks in the laboratangl on real storage tank in order to
collect database for further numerical analysis,

Acquired during laboratory tests and during testseal storage tank, AE signals are
very good basis of project database,

VisualClass analysis of data and built classifieal#es us to identify AE sources
well as leak and corrosion,

Running the prototype AE monitoring system for gear showed that the goals set
at the beginning of the project can be achieved,

It is possible the correlation of weather statusl aperating status with AE
measurement data. Monitoring weather and operatorglitions allowing to find
good conditions for optimal AE measurement.
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Fig. 8. The scheme of prototype AE monitoring system afva@iground storage tanks
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