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Abstract 

 
The paper describes the examples of AE method in industry for detecting and locating leaks 

in constructions of double bottom storage tanks. The tests were made on new and modernized 
tanks in various test conditions and utilized different ways of defect location. It presents also 
results of laboratory tests to evaluate the possibility of detecting corrosion processes in this inac-
cessible space of double bottom. 
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Introduction 

 
Leakage problems in industrial containers and tanks have been serious issues over many 

years [1]. Acoustic emission (AE) method has been applied in evaluation of tank bottoms with 
much success, especially finding the location of leakage [2-5]. There are some newer problems.  
Currently in Poland and in other countries, the codes and regulations require that all new storage 
tanks must have double bottoms and working tanks have to be modernized by adding the second 
bottom. The second bottom should reduce the risk of environmental pollution compared to when 
the inside bottom undergoes damage in old single-bottom construction. There are many different 
double-bottom constructions and for assurance of free (empty) space occurrence between the 
bottoms, one of the materials is ribbed or there is structural mesh between bottoms. An example 
of a double-bottom storage tank is shown on Fig. 1. 

 
Different methods of monitoring the space between two bottoms exist. In some cases the 

space is monitored by sensors detecting hydrocarbon in that space or by using sensors, which 
monitor the reduction of vacuum pressure. A small change of pressure is monitored. Both new as 
well as modernized tanks have the leakage problem in the space between double bottom and the 
corrosion problem within this space. The leakage is very often disclosed during the test before 
operation. Double-bottom construction can prevent a sudden leak of the medium, but it is hard to 
locate the leakage without the disassembly of the inside bottom once the leakage in outer bottom 
occurs. Acoustic emission (AE) method is effective for the location of a leakage in double bot-
tom constructions. The other problem is the corrosion in this space. This problem was brought to 
us by one of our clients. At present, AE method has not resolved this and we made a series of 
laboratory tests to explore the possibility of corrosion detection. Some results are given. 

 
Leakage Location in Double-Bottom Construction 

 
The leakage in double-bottom construction is detected on different stages of tank construc-

tion or on operation stages. In case the leakage occurs on the inside bottom, different methods 
can be used to locate the defects. 
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Fig. 1. The scheme of double-bottom storage tank. 

 
The leakage in the outer bottom requires the partial removal of the inside bottom. Therefore, 

it is essential to precisely locate the defect. As an enabling method for the leakage location, the 
acoustic emission method was used. In some cases, such defects are disclosed during the accep-
tance tests when the tank is full of water. Standard tank-bottom monitoring procedures are used 
in such cases. Sometimes such a tank is empty and we can set up AE monitoring on the inside 
bottom plate. The main issue is to narrow the potential leakage area in order to minimize cutting 
of the inside bottom for repair.  

 
We discuss examples referring to both of these cases. All the tests were done with the use of 

Vallen AMSY-5 AE system and sensors with resonance frequency at 30 kHz. 
 
a) The location of the leakage in tanks filled with water 

The first two cases refer to new tanks, one of them 9900-m3 capacity and 24.8-m diameter, 
and the second 10000-m3 capacity and 29-m diameter. In both cases the decreases of vacuum 
pressure were small, and for the 24.8-m diameter tank additionally the leakage depended on 
weather conditions. The builder of the tanks carried out a number of different tests, but they did 
not obtain satisfactory results. Next, AE method was used for the first time to locate the leakage 
in double-bottom storage tanks. The tests were done with water inside the tanks. 

 
The first test was done with the low level of medium in a tank and with the environment con-

ditions that caused the insignificant decrease of vacuum. Therefore, it was impossible to locate 
the position of the defect with AE method as well. Next test on this tank was done in a lower 
noise condition. The observed decrease of vacuum during the test performed according to pre-
scribed procedures was higher, and it was possible to use a lower threshold level because of low 
noise. This permitted to record AE signals coming from the bottom of the tank. 

 
The sensors were placed on the wall of the tank and were arranged the same as a standard 

test of tank bottom. The standard algorithms contained in Vallen software for the location of AE 
sources on tank bottom were used. This software provided the source locations and parametric 
and frequency analysis could be done. On this basis, the position of a potential leakage was cho-
sen in the outer bottom of the tank. Figure 2 shows AE source locations at the tank bottom with
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an indication of leakage position at (–5.5 m, –9.5 m). The reason of the leakage was a very small 
defect in a weld of the outer bottom. 

 

 
Fig. 2. AE source location at the tank bottom and indicated position of leak. 

 
The second case examined 29-m diameter tank, and the standard algorithms for source loca-

tion were used and a parametric analysis of AE signals was performed. During the first test se-
ries, there were unfavorable environmental conditions and it was impossible to locate AE sources 
of the leakage. In case of the small leakage occurrence in outside bottom of the tank, the energy 
value of recorded AE signals is low. Therefore, for the detection and location of the leakage in 
the bottom, very good test conditions with low interference are necessary. 

 
The next test series was performed in better weather conditions. This test series permitted us 

to locate several AE sources at the storage tank bottom. The raw source location results are pre-
sented in Fig. 3. Here, green, blue and red circles indicate clusters of 5, 10 or 20 or higher AE 
events. That is, four red circles represented the more active areas; one at the center and two were 
near the wall. 

 
For the analysis to choose the leakage positions in tank bottom, the experience from the test 

presented earlier in this article was used. Figure 4 presents the duration versus amplitude of the 
located AE signals before and after filtering. Here, we applied a combination of filtering, includ-
ing location distance to first hit, rise time of signals, first hit amplitude of events. The effect of 
filtering can be seen in Fig. 5 where four AE sources are located as potential positions of the 
leakage. Two of them at 5 and 10 o’clock positions near the wall were at the same positions as in
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Fig. 3. The other two at 2 and 7 o’clock position near the wall emerged anew, while the center 
cluster in Fig. 3 disappeared. 
 

 
Fig. 3. The location of AE sources on the tank bottom before filtering. Blue, green and red cir-
cles represent clusters of >5, >10 and >20 AE events. 
 

 
Fig. 4. Duration vs. amplitude of located AE signals before and after filtering. 

 
The result was presented to the builder of the tank and the defects were verified by cutting 

the inside bottom and by careful inspection. In the places indicated by AE testing, welding de- 
fects were found in welds of the outer bottom, which could be the reason of the leakage. 
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Fig. 5. Located AE sources at the tank bottom after filtering. 

 
b) The location of the leakage in tanks without medium 

The next storage tank having the capacity of 10000 m3 was built 30 years ago and it was 
modernized after the evaluation of bottom condition. The new inside bottom was made but dur-
ing the pressure test of the space between the bottoms the rapid loss of vacuum was found. It 
indicated the appearance of a large defect but the inspection of an internal bottom did not dis-
close the leakage. 

 
The AE sensors for test were arranged on the inside bottom. The very large activity of AE 

signals was recorded after obtaining a vacuum target value. The amplitude of signals achieved 88 
dB with 46-dB preamplifier. The use of planar location algorithm indicated two high activity 
sources near sensors no. 9 and 10 as presented on Fig. 6. 
 

The analysis of signal intensity, their amplitudes as well as signal rms value on each sensor 
and the use of algorithm for linear location indicate an occurrence of high activity sources in 
completely different place. It shows the linear location below (Fig. 7), the intensity of recorded 
signals as well as rms value for chosen sensors (Fig. 8). 

 
An incorrect location as well as very small intensity of the recorded signals on channels 12 

and 13 at the beginning of the test resulted from overflow of these test channels, which is visible 
on graphs of RMS value. Therefore the analysis of intensity and RMS value was used in this case 
for the aim of locating the leakage at the outer bottom. The mechanical damage of a material 
during mounting work was the cause of an occurrence of the leakage at the indicated position by 
the AE method. 
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Fig. 6. Located AE sources with the use of planar location algorithm. 

 

 
Fig. 7. Linear location for sensors near the tank wall. 
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Fig. 8. Intensity of recorded signals and their RMS value for chosen sensors. 

 

 
Fig. 9. The source location after the modification of sensors layout.  

 
The last case concerns the tank of 3500-m3 capacity. As in the previous tank it was modern-

ized by building the new inside bottom. Loss of vacuum during the test was considerable but less 
than in the previous case. The AE test with sensors on inside bottom was also made. Therefore, 
after the first test indicating the zone with the leakage, the layout of sensors was changed by con-
centrating on the chosen zone. It indicated the source location near sensor no.18 with the planar 
location setup as presented on Fig. 9. The analysis of RMS parameter and hit intensity on chosen 
sensors presented on Fig. 10 confirmed the leakage near sensor No.18. In order to obtain a more 
exact location of the leakage in a leakage occurrence zone, extra sensors were added to limit the 
size necessary to remove the inside bottom. In this case, recorded signal parameters provided a 
better result. 

 
Because the condition of an old bottom was inaccurately evaluated, this bottom material had 

a bigger number of holes in different places. The holes were filled with dirt over the years and 
they opened during the following tests; therefore one test was insufficient. Every time the use of 
AE method permitted for the precise location of leakage. 
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Fig. 10. The intensity of recorded signals and their RMS value for chosen sensors. 

 

 
Fig. 11. The location of AE signals on samples a) with medium between plates, b) for local con-
tact of plates. 
 
Corrosion Detection in the Between-Bottom Space of Double-Bottom Storage Tanks 
 

In order to explore the detection of corrosion in the space between double bottoms, a series 
of laboratory tests were conducted. Some example results are given.  

 
The corrosion detection by AE method requires the acoustic coupling enabling the propaga-

tion of AE signals from source to a sensor mounted on a wall. The quality of acoustic coupling 
on metal bottoms of the tank has the essential influence on the possibility the corrosion signal 
detection. 

 
The following variants of contact were assumed: 
a) the contact between the metal plates on the whole surface with a corrosive medium be-

tween them, 
b) the local contact of metal plates near the source of corrosion,  
c) the direct contact between the metal plates on the whole surface. 
 
For these variants of contact of metal plates the tests were conducted on especially prepared 

samples of metal plates simulating the construction of the double bottom. The laboratory test in 
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the first variant of plate contact gives good results for detecting corrosion sources from outside 
bottom. The example of AE signal location for such contact was presented on Fig. 11. For the 
case of local contact of metal plates (variant b), the signals are located also locally, and their 
quantity mainly depends on the intensity of the process. 

 
In case of a direct contact between the metal plates (variant d), the essential influence on an 

acoustic coupling was the surface condition and the strength of contact. According to the tests 
performed, the large dispersion of recorded signals was noted depending on various conditions. 
For the most unfavorable case, an acoustic coupling was inadequate to detect the corrosion. 
 
Conclusions 
 

The use of AE method made it possible to effectively locate the leakage in outer bottom of a 
double-bottom storage tank, both in a tank filled with medium and in an empty tank with the 
possibility of coming into the tank. 

1. For the test with a filled tank with a small loss of vacuum, the standard location algo-
rithms allowed to locate the leakage but required the ideal test conditions with low noise. 

2. For an effective location of the leakage in the test with an empty tank and a very large 
vacuum loss rate, the AE signal parametric analysis was required. 

3. In case of a slower vacuum loss rate it was effective to use both the planar location algo-
rithm and the location based on parameters of the recorded signals. 

The laboratory tests performed indicated the possibility of detecting corrosion occurred in the 
space between double bottoms. However, the specific conditions had to occur. Additionally it 
requires the verification on real objects. 
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