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SCREENING OF TANK BOTTOM CORROSION WITH A SINGLE POINT
AE DETECTOR: AE-SIMPLE

P.J. VAN DE LOO and D.A. KRONEMEIJER,
Shell Global Solutions International B.V., CM Amsterdam, The Netherlands

ABSTRACT

Tank bottom corrosion assessment with acoustic emission(AE) is a well-established non-intrusive testing
technique. A drawback is that during the testing the weather conditions must be “ideal”. The
mobilisation of qualified contractors is sometimes in conflict with the required test conditions. The tank
owners felt the need to resolve this issue. Shell Global Solution launched the idea of a simple single
point AE detector, to be applied by local inspectors at the best moment. A prototype instrument has been
built, called AE-simple. Filter criteria are applied similar to those of the TANKPAC test procedure. This
paper describes the reliability investigation of this tool. The aim is to discriminate “A-grade” tanks
(very minor corrosion activities) from “non A-grades”. This because earlier investigations showed a
very good correlation between A-grades and tanks not requiring repair. We found that AE-simple scored
85 % correct in the A-grade class, whereas 13 % were “misses”, scored in class B (minor corrosion
activities). The false call level is only 10%. This is judged as very promising, justifying further
development into a simple portable field instrument.

INTRODUCTION

In the world of tank maintenance, the idea to shift from time-based to condition-based maintenance gets
widely accepted. Attention is focusing on non-intrusive techniques. As such acoustic emission (AE) is
now well established. A drawback of AE tank testing is that during testing the weather conditions must
be “ideal”: no rain, weak wind, no operational activities. To plan the mobilisation of qualified
contractors and to arrange the test period with Operations sometimes conflicts with the required test
conditions. The tank owners felt the need to resolve this issue.

Shell Global Solutions launched the idea of a simple single point AE detector to be applied by local
inspectors at the moment, which suits best. Through such a low threshold test, which can easily be
repeated, insight can be gained in the tank bottom condition. One may then decide to organise a full AE
test, or to postpone further inspection activities.

Main issue to investigate is the reliability of such a single point AE detector in comparison with a full
analysis such as TANKPAC (1), where use is made of a large number of sensors, covering the full
circumference of a tank. The reliability of that method has been investigated by an industrial user group
(2). Main result was that tanks graded as “A” appeared not to need any repair action. “E-grades” were
indicative for serious damage, see Fig. 1.

APPROACH

The first point investigated is the AE feature to be selected to assign a grade. In earlier work we
identified the “duration” to be indicative for heavy corrosion spots with scale due to wall loss (3).
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Although this observation is used for further detailed analysis (the “potential leak” data), for the
assignment of an overall

Follow-up results versus AE-grades, normalised per AE-grade
population of 148 tanks (Shell, Dow-Stade, DSM, Q8, Total and PAL-data base)
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Fig. 1. Follow-up results versus AE-grades normalised per AE-grade (2).

grade, the most important parameter is the number of registered hits.

These hits are registered during a monitoring period of one hour. This period is based on the statistical
occurrence (fluctuations in time) of the corrosion activities. Because for a handhold device, used by an
operator, the favourable period should be as short as possible, we investigated the effect of shorter
monitoring periods. As an outcome, we adopted the empirically derived conclusion from TANKPAC,
that a monitoring period of one hour is optimum.

In the next chapter we will consider in full detail the variations in numbers of hits per channel as being
representative for an arbitrary selected monitoring point.

EXPERIMENTAL DATA

We started our investigation on a set of data obtained on 7 tanks of various diameters. The number of
hits per channel is given in Table 1. We observed significant variations. These can not be related to the
located corrosion spots.
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Within TANKPAC these numbers are weighted, depending on tank size, viscosity of the product,
applied threshold, etc. to end up with a grade. How this will be built-in into an AE-simple unit is out of
the scope of this paper. We now only consider the assignment of a grade when based on the selection of
a randomly selected position on the tank wall, for which we will take any channel to be representative.
We will assume all other criteria unchanged.
Table 1. Number of hits per channel as registered on 7 tanks, various diameters, various overall grades as

assigned by TANKPAC.

tank I II III IV V VI VII
overall grade A A A B B C D
Ch-1 313 185 254 1509 1425 2806 5009
Ch-2 245 164 134 387 1027 2256 2548
Ch-3 474 225 262 356 1312 2042 1663
Ch-4 27 219 748 391 950 818 2285
Ch-5 0 192 191 653 1464 1631 6837
Ch-6 406 314 561 447 966 2209 2956
Ch-7 444 843 1469 7380
Ch-8 689 599 1342 1681
Ch-9 492 744 1975 5254
Ch-10 1934 3903
Ch-11 3050 2704
Ch-12 2615 6249
average 244 216 358 596 1036 2012 4039

STATISTICAL BACKGROUND

On the basis of the numbers given in Table I, but also on the numerous data available from all tanks
tested with TANKPAC, it is justified to assume that the average number of hits per channel has a
Gaussian distribution. This means that we may apply the “normal” statistical rules for probability
intervals and standard deviations. The relevance of this is illustrated in Fig. 2.
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Fig. 2. Overlapping normal distributions of average number of hits per channel.
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If the decision boundary is chosen as indicated in Figure 2, then α1 is indicative for the percentage of
“false calls”: although belonging to the class of A-grades, they are assigned to be non-A. The percentage
is derived from the width of the distribution, expressed in the number of standard deviations (the factor
t). Some examples are given in Table 2. For example, if the selected decision boundary is µ1+1.44*σ, the
“right exceedance chance” is 7.5%. α2 is indicative for the percentage of “misses: although belonging to
the class of D-grades, they are left of the decision boundary, thus assigned to the population of A-grades.

Table 2. Interval width, t-factor and single sided exceedance chance.

1 interval width 68% 75% 80% 85% 90% 95%
2 factor t 1,0 1,15 1,28 1,44 1,64 1,96
3 single side exceedance 16% 12.5% 10% 7.5% 5% 2.5%

STATISTICAL EVALUATION OF THE 7 TANKS AND FURTHER GENERALISATION

In Fig. 3, the average number of hits per tank is given, including the confidence intervals as given in
Table 2. The dotted horizontal line, indicated as “criterion”, is the decision boundary. By shifting this
line up and down, one can judge the effect on the false calls and misses. Where inspectors will actually
put the decision boundary will depend on a more detailed consequence analysis, which is out of the
scope of this paper. More important to discuss here is generalisation of this approach.
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Fig. 3. Average number of hits and confidence intervals of the 7 tanks tested.

From the data of 46 graded tanks tested within Shell, we calculated the average number of hits per
channel, shown in Fig. 4. If we apply the decision boundary for A- and non-A-grades of 400 hits, as
indicated by TANKPAC, we observe that all assigned C-, D- and E-grades are indeed non-A-grades, the
assigned B-grades show some false calls, whereas all A-grades are properly identified. This confirms
that 400 hits is a good decision criterion.

To judge the scores for single point monitoring, we have to take the standard deviations into account.
Via linear regression of the available data, we found as best approximation:

“non A” tank

“A” tankcriterion
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σ = 0.48 ∗ µ − 28
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Fig. 4. Average number of hits per channel for 46 storage tanks tested at various Shell sites and
application of 400 hits as decision boundary for A-grades

It should be realised that the chance of a miss or false call does not only depend on the measured average
number of hits (µ) and standard deviation (σ), but also on the likelihood of the occurrence of a certain
grade! In other words:

(probability of a good score) = (reliability of the technique) * (probability of occurrence)

Below we will illustrate this approach using the of distribution of scores as found by PAL when they
applied TANKPAC to more than 2000 tanks (Ref. 2. See Table 3). Tank owners know best their own
tank farm, thus the potential occurrence of good or bad tanks. If required they can fine-tune or adapt the
approach with their own figures.

Table 3. Distribution of grading scores obtained by PAL, when TANKPAC has been applied to all tanks
of their customer database.

Assigned grade A B C D E
statistical occurrence 34% 26% 25% 8% 7%

If we now combine the average number of hits and standard deviations per grade with the assumed most
probable occurrence we can calculate the number of misses and false calls for any decision boundary. By
way of example we show the results for a decision boundary is 400 hits, applied to the 7 tanks of Table 1
and an average E-grade value derived from the set of the 46 tanks used earlier (see Fig. 5).

The procedure applied is: subtract the average number of hits for a certain grade from the decision
criterion. Divide that number by σ (which gives the factor t). This determines the width of the

D-tankC-tank E-tankA-tank B-tank

400
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distribution. From the statistical t-tables the single sided exceedance chance can be determined. When
this is multiplied with the chance of occurrence one gets the fraction of scores in the A class and the
non-A class. When this is normalised to 100% above and below the decision boundary, one can express
the scores in terms of percentages “misses” and “false calls”. We observe 85% good scores and no
“serious” misses: 13 % are B-grades. Of the non-A graded tanks only 10% are false calls.

distribution of tanks, limit < 400 hits
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distribution of tanks, limit >400
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Fig. 5. Distribution of tanks: misses and false calls.

CONCLUSION

To investigate the reliability of single point AE monitoring of tanks, we used the TANKPAC registered
signals of any arbitrary single channel. When applying the average number of 400 hits as a decision
criterion for assigning A-grade tanks (No follow-up recommended) and non-A-grades (full analysis
recommended) we found that AE-simple scored 85 % correct in the A-grade class, whereas 13 % were
“misses”, scored in class B (minor corrosion activities). The false call level is only 10%. This is judged
as very promising, justifying further development into a simple portable field instrument.
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