
ou may not have heard of acoustic
emission, but you are already familiar
with it.  Tear a piece of paper and you
can hear the acoustic emission from the
fibres breaking; drop an ice cube into
your gin and tonic, and you can hear it
crack.

The application of mechanical or ther-
mal stress to a material results in elastic
energy being stored in that material.  The
stress field sustained by the material
tends to concentrate at localized mechani-
cal instabilities, which exist in almost all
practical mechanical structures.

If the applied stress is high enough,
the material will fail at such local stress
concentrations and crack, until the propagation
of the crack is such that the material has become
stress free and the stored elastic energy has been
dissipated.  The method by which this energy is
released is a step-like process, where the crack
grows in a chaotic cascade of distinct, discrete
snaps.  Each snap provides a discrete pulse of
energy that propagates throughout the surround-
ing material in the form of a transient elastic
wave.

The frequency content of these pulse-like tran-
sient waves is broadband, ranging from a few
kHz to a few MHz.  Much of this is in the ultra-
sonic region, detectable with specialized acoustic
emission (AE) sensors.  For tearing paper or
cracking ice cubes, the frequencies also extend
down into the audible range, enabling us to hear
them directly.

The identification, location and evaluation of
structural defects and active cracks in pressure
vessels, pipelines and storage tanks is now rou-
tinely applied to process plants.  But active
cracking is not the only source of AE. Chemical
processes such as corrosion spalling, fracture and
debonding are very emissive.

The AE from the cracking ice cube propagates
through the ice cube, through the gin and tonic
and then through the air to reach your ears.  You
have two ears, so your brain can determine where
the sound came from.  Similarly, the AE arising
from the corrosion process on the floor of a stor-
age tank will travel through the product in the
tank, through the tank wall and into the sensors
attached to the outside.  A ring of sensors can be
used to pinpoint the location of the AE from
within the tank, and so, in the space of an hour
or so, provide a picture of where the corrosion
is, and how bad it is.

Tank floors remain largely unseen and are tra-
ditionally uninspectable during operation.
Normally, this involves costly shutdown and de-
contamination followed by detailed local
inspection.  Often, this is executed from an in-
spection schedule according to a predetermined
period of time in service.  To know when the
condition of a tank justifies being taken off-
line and cleaned out, in order to prioritize
and target inspection and maintenance
activity accordingly, is of enormous economic
benefit, to say nothing of the environmental
and practical significance.

The practice of listening to tank floors dur-
ing service using an array of acoustic
emission sensors, coupled to advanced in-
strumentation attached to the outside of the
tank, has been developed over the past ten
years by the Physical Acoustics Group.
 Initially, the requirement was to help locate
leaks in crude oil storage tanks, but it quickly
became apparent that operations manage-
ment was more interested in knowing the
general condition of the floor prior to sig-
nificant leakage occurring.

The ability to characterize the extent of
corrosion with the detected signals is very
much based on experience.  Sensors are
mounted on the wall around the tank�s cir-
cumference and connected to the specialist
data acquisition system.  To assess the con-
dition of the tank floor, a window of one hour
is required to gather enough data for a valid
statistical assessment of the floor, based on
experience amounting to more than 1,000
tank tests in Europe alone.

Acoustic sensors are fitted to the side
of the tank using a magnetic hold-
down.  Paint must be smoothed down
to provide a surface for the flat-faced
sensor to press against.  A waterproof
grease is used as a couplant to ensure
a good sound path between sensor and
tank.

To achieve a �quiet hour� all activity
likely to cause product movement must
have been stopped and the tank allowed
to settle for a period of six to twelve hours.
Agitators, heater coils, level measurement
systems etc. must all be turned off.  Dis-
ruption to operations is thus no more than

one working day per tank.  The result of the con-
dition monitoring exercise is a tank floor grading,
from A (no damage) to E (major repair required).
Also, plots are presented to show the location(s)
of any particularly active areas and/or potential
leak sites, such as illustrated by figures 1 and 2.

Million dollar savings:
you just have to listen

In the first of two articles, Phillip Cole discusses how a powerful technique is
becoming increasingly accepted as an effective plant management tool
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Fig 1: Pinhole leak located near center of 24m
diesel tank.

Fig 2: Annular ring corrosion on 50m hot fuel oil
tank.



The overall tank floor and potential
leak grades can be used by plant man-
agement to prioritize tank inspection
and maintenance programs.  Cost sav-
ings from the use of this technology are
very clear.  If the vessel is in good con-
dition, leading to the deferral of internal
inspection, savings are huge.  The cost
of preparing a large crude tank for in-
ternal inspection can reach US$500,000
and for large cryogenic tanks up to
$1,000.000.

More than 50% of the �suspect� tanks
inspected by UK-based Physical Acous-
tics Limited are proven not to require
subsequent off-line inspection and
maintenance, saving millions for refin-
ery and distribution terminal operators.

Assurances as to the efficacy of AE
from the developers of the technique
are not always sufficient, however,
to solve this, an AE user group from
the petrochemical industry first
sought to convince themselves of the
reliability of the technique before de-
bating its acceptance with the
authorities.

Consisting of Shell, Dow, Exxon,
ICI, DSM, KPE and Total, the group
provided data from a representative
population of storage tanks.  AE
gradings had been determined  for all
of the tanks and they had also under-
gone a full program of off-line
follow-up inspection to determine
their condition.  A correlation study
was then able to quantify claims as
to the reliability of AE condition
monitoring [1].

Figure 3 shows the breakdown of the AE
gradings given for the population of 598 tanks.
Almost all were scheduled for mandatory off-
line inspection and maintenance in accordance
with API, EEMUA or local requirements.  Some
60% of the tanks were given an A or B grading,
suggesting that there would be no requirement
for maintenance on these tanks for at least two
years.  The user group was interested in deter-
mining whether follow-up inspection would
confirm that no maintenance was necessary, since
the deferral of such maintenance would enable
very significant savings to be made.
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As a result of the feedback information, three
classes of tank were created to represent the dif-
ferent maintenance conditions:
1. Minimal or no damage (no repair required)
2. Some damage (some repair required)
3. Major damage (major repair/now floor)

From a plant management viewpoint, the most
valued indication sought from the AE

method is whether or not a tank needs to be
opened.  From the way in which these three off-
line inspection classes correlated with the AE
grades, the user group was convinced the AE

grade could prove extremely useful as
part of that crucial decision making
process.

In parallel with the overall tank floor
grading, additional information such as
potential leak data is always presented
as part of the routing AE procedure.
Two tanks of the same grade can
present distinctly different potential
leak data.  One tank with an overall B
or C grade can be moderately corroded
over the entire floor, and thus be real-
istically deferred from maintenance
until other D or E grade tanks have
been dealt with.  However, a B or C
grade can arise from a tank floor in
good general order, but which has one
or more distinct areas of localized ac-

tivity indicative of severe local
damage or a leak and therefore re-
quiring more pressing attention.

These data are particularly use-
ful insofar as there are examples
of tanks where minor leaks are
identified by the AE condition
monitoring which could not (or
could hardly) be detected with an
off-line inspection when the tank
bottom is not fluid loaded.  In the
example illustrated by figure 1, in-
ternal inspection confirmed a
1-2mm pinhole where the epoxy
coating had failed; elsewhere the
coating was intact, as was the floor.
The proprietary data analysis pro-
cedure used by Physical Acoustics
to present potential leak data has,
in its own right, been indepen-
dently assessed and correlated with

follow up data from refinery tanks and with an
independently-produced neural network [2].

The user group confirmed that there was a
clear correlation between the overall AE tank
floor grades and the actual degree of maintenance
subsequently found to be necessary (see figure
4).  Most striking is the 100% correlation be-
tween A-grade tanks and follow up inspection
to confirm that no repair was required.  The cor-
relation for the remaining AE grades is much
improved with the inclusion of other data, most
notably with the potential leak data from the re-
fined AE analyses and with the tank owners�
historic records [1].

With the support of this independent industry
validation, AE condition monitoring is set to pro-
vide storage and distribution departments across
the industry with an increasingly accepted and
invaluable tank farm management tool.

Fig 4: Correlation between AE grades and assigned follow-up grades
(normalised to 100%).

Fig 3: Percentage distribution of tanks vs Physical Acoustics
acoustic emission overall tank floor grade for all tanks, and
for those for which follow-up data was obtained.
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