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Abstract 
 

Recently, the corrosion evaluation technology of tank floors by acoustic emission (AE) 
method has been put to practice in Japan. However, the corrosion evaluation with the AE method 
requires the judgments of the influence of various noises, and this factor decreases the accuracy 
of this evaluation technology.  In this research, we studied the discrimination and removal 
methods of noise due to condensate dropping on the surface of the stored medium. We identified 
noise sources with three-dimensional source location (3D source location), verified a feature of 
the waveform of the drop noise, and confirmed the effects of some removal methods for the drop 
noise.  
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Introduction 
 

In the AE measurement for the corrosion evaluation of tank bottoms, it is known that the 
noise is generated by condensate dropping on the surface of the stored medium in the tank with 
fixed roof [1]. Therefore, the AE measuring method provided by HPIS [2] uses sensors that are 
installed in double rows on the wall plate. The sensors in the upper row are used as guard sen-
sors to remove the drop noise. The effect of the noise removal greatly influences the evaluation 
result in the corrosion evaluation of the tank floors, because the corrosion condition is judged 
based on the numbers of AE signals. However, in the past research, the effect of the removal of 
the drop noise was not verified adequately on the basis of waveform data that were acquired on 
the actual tanks. In this research, we evaluated the occurrence of the noise by analyzing acquired 
data on an actual tank, and studied the effectiveness of the noise removal methods. 
 
Experimental Procedures 
 

The outline of the tank used in the examination is shown in Fig. 1. The diameter of this tank 
is 15.5 m, height is 12.2 m, the material is SS400, the bottom plate is 9 mm in thickness, and the 
roof is of the corn-roof type. In the sensor arrangement, eight AE sensors (30-kHz resonance 
type) were arranged in double rows (height: 1 m and 1.5 m), with four sensors installed at inter-
vals of 90° for each row and the azimuth of the sensor arranged: ch5 and ch9 at 0°, ch6 and ch10 
at 90°, ch7 and ch11 at 180°, ch8 and ch12 at 270°. In addition, to confirm the influence of the 
noise that originated in the wind, the anemometer was placed at the windiest position of the tank 
surroundings. The operation of the tank was stopped 8 hr or more before the AE measurement 
begins, and the oil level in the tank was 5.4-m high. AE testing was conducted for 1 hr with the 
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tank at rest. The possibility of corrosion is very low for this tank because the bottom plate was 
exchanged in recent past, and the minimum thickness of the bottom plate was 9.1 mm (design 
thickness: 9.0 mm) in the post-test inspection. 
 
Result of Measurement 
 
Measurement condition 
 When wind velocity exceeds 4 m/s during AE measurement for the corrosion evaluation of 
the tank bottom plate, noise is generated by the tank and by movement of stored medium. The 
present measurement is immune from the wind noise, because of calm meteorological conditions 
with the maximum wind velocity of 3.0 m/s, averaging at 0.5 m/s, as shown in Fig. 2. 

 
    Fig. 1 Equipment placement.  Fig. 2 Wind velocity during AE measurement. 
 
Result of measurement 
 The data measured for 1 hr with sensors (ch5-ch8) installed on the lower row of the tank 
wall is shown in Fig. 3, showing a high AE activity level of 8187 (hits/channel). In Fig. 4, many 
AE clusters exist on two circles. If corrosion is evaluated by this AE test results, it wrongly sug-
gests that the corrosion activity in the tank bottom plate be very high. However, this evaluation 
obviously conflicts with the result of the post-test inspection.  
 

 
Fig. 3 Histories of peak amplitude (dB) and number of AE hits. 
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Fig. 4 2D Location result with ch5-ch8. 

 
Fig. 5 3D Location result with ch5-ch12. 

 
On the other hand, we tried the confirmation of the cause of AE by 3D location of the AE 

sources with sensors on the wall plate in double rows. Many of detected signals have concen-
trated on the height near 5.4 m or the oil level in the tank as shown in Fig. 5. This result shows 
that most of the detected signals was noise generated on the oil surface. It is also confirmed 
through the design drawing of the roof that there were the ring-like parts as shown in Fig. 4 on 
the inside of the roof. 

 
Consequently, it was concluded that the noise was generated by condensate dropping from 

the rings on the inside of the roof, and falling to the surface of the stored medium. The wave- 
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form observation of AE located at the oil level showed features in Fig. 6. These are from the in-
side and outside circles on Fig. 5. These waveforms differ greatly from the AE waveform of 
corrosion shown in Fig. 7 [3], and show a wavy feature of the drop noise. 

 

 
Fig. 6 Waveform of located AE on the outer and inner circles. 

 
Fig. 7 Typical waveform of AE generated by corrosion. 

 
Noise removal with the guard sensors 
 First, we studied the effect of the removal method with the guard sensor. This was an exist-
ing method and some sensors are installed in double rows on the tank wall, with the upper row 
acting as the guard sensors. In commercial AE systems, all signals measured within a pre-set 
time after the first hit are considered to belong to the same event. If the first signal for the event 
is received with the sensor in the upper row, it can be judged that the AE signal comes from the 
upper part of the tank. Therefore, this method is effective in removing the drop noise generated 
on the oil surface above the sensors.  
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Fig. 8 Noise removal result with the guard sensors. 

 
In this paper, we distinguish AE “Event (Ev)” and an AE event, whose location is known; the 

latter is called “Located Event (LEv)”. The result of executing the noise removal with the guard 
sensors described above is shown in Fig. 8. The upper figure shows the time history of AE hit 
rates after noise removal, and the lower figure shows a 2D location result with the four sensors 
in the lower row. In this noise processing, it was found that 91% of AE hits was removed, while 
95% of the located events was removed. Thus, the noise removal was effective. However, the 
values of 739 hits�ch-1 and 179 LEv in Fig. 8 seem to be still too high from a sound tank without 
corrosion.  

 
From waveform observation of the located events that remained after removing the noise, it 

was found that 46% of the located events had a feature of the drop noise shown in Fig. 9. The 
waveforms of these signals have changed compared with the drop noise shown in Fig. 6 and the 
average peak amplitude was lowered to 45 dB. It appears that these signals are drop noise that 
were reflected from the bottom and wall plate. It is not possible to remove the reflected drop 
noise by the noise removal method with the guard sensor. Thus, these AE signals may be judged 
to come from the bottom plate of the tank, and to be due to corrosion.  

 
The noise removal with the guard sensors is an effective technique that can remove about 

90% of the drop noise. However, it is also certain that the noise cannot be removed completely. 
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Fig. 9 Waveform and amplitude of signals that remained after removing noise. 

 
Fig. 10 Height distribution of events in AE test of a sound tank. 
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Identification and removal for drop noise by the 3D location 
 We studied the noise removal by 3D location because it was difficult for the noise removal 
with the guard sensors to remove the drop noise that includes the reflection waves from the tank 
bottom plate or the wall plate. This method obtains the AE source location in 3D with the sensor 
arranged in double rows, and identifies the noise by the height of the AE source.  

  
Figure 10 shows the height distribution of located events (LEv). Numerous AE signals were 

generated around the height of 5.4 m that corresponds to the oil level in the tank. In addition, the 
located number of events (LEv) is very low at 0-m (the tank bottom plate) height. The distribu-
tion of the located events (LEv) under the bottom plate shows the existence of the drop noise 
that was reflected from the bottom plate or the wall plate. In 3D locations, the events shown to 
be higher than 1 m above the sensors have the possibility of being noise from the upper side. 
The events located under the bottom plate were miscalculated by the influence of the reflection 
wave.  

 
Fig. 11 3D location result after removing noise. 

 
Here, we tried to keep only the signals located within the range of ±1 m of the bottom plate 

as the valid signals with a comparatively small influence of the drop noise. The signals that were 
located outside the range were removed. The 3D location result of the AE source after the noise 
removal processing is shown in Fig. 11. A time history of AE hits and 2D location result ob-
tained from the data after the noise removal processing is shown in Fig. 12. 

 
After the noise removal processing, the number of AE hits for each channel decreased to 69 

hits�ch-1 and the number of located events has decreased to 103 LEv. These results show that 
99% of the AE hits and 97% of the located events were removed. We were able to obtain the 
data that is indicative of a sound tank where the risk of corrosion was very low. 
 
Verification of the 3D Location Noise Removal Method 
 
Experimental procedures 

In noise removal, it is important to remove the noise completely and to leave the signals for 
evaluating corrosion. We applied the 3D location noise removal method to a tank that corroded 
severely to verify the validity of this method. 
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Fig. 12 Noise removal result with 3D locations. 

 
Fig. 13 Equipment placement. 

 
The tank used for the verification is 6.3 m in diameter, 4.5 m in height, the bottom plate 

thickness of 6.0 mm, and 140 kl in capacity as shown in Fig. 13. This tank was removed from 
the production line and left on the soil for seven years. In the AE measurement, the tank was 
filled with water to the height of 2.8 m. 
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It was confirmed that a minimum thickness reached 3.9 mm (35% of the design thickness) 
by the post-test inspection following AE testing. In the AE measurement, the sensor arrangement 
was almost the same as Fig. 1, but six sensors (30-kHz resonance type) were placed in double 
rows (height: 1 m and 2 m) at 120° apart. 
 
Result of measurement 

AE was measured for 1 hr with 3 sensors (ch1-ch3) installed in the lower row of the tank 
wall, as shown in Fig. 13. The data is given in Fig. 14. This measurement included little noise 
caused by the wind, because the maximum wind velocity was 3.2 m/s and the average wind ve-
locity was 1.0 m/s. The data is showing a high AE activity level, because cumulative hits per 32 
seconds exceed 400 (Fig. 14(c)). This value shows that the corrosion risk is very high in the 
evaluation by HPIS [2]. The waveform of located AE on the corroded tank bottom plate showed 
feature in Fig. 15. The waveform differs from the drop noise shown in Fig. 6. Figure 16 shows 
the height distribution at AE sources obtained from the test data of 1 hr by 3D location. In this 
figure, it is shown that many AE events were obviously generated in the height near 0 m corre-
sponding to the bottom plate. This result strongly suggests the corrosion of the bottom plate. 
Therefore, it was confirmed that this method is suitable for evaluating the corrosion of the bot-
tom plate and removing the drop noise. 

 
Fig. 14 AE data from the corroded tank. (a) Wind velocity vs. time, (b) Amplitude vs. time, (c) 
AE hits per 32 sec. vs. time, (d) Location result. 
 
Conclusion 
 

The expectation of the AE measurement has risen as a global diagnostic technique of corro-
sion for the tank bottom plate. It is important to develop a proper method of removing the noise 
to answer this expectation. In this research, we examined a method of removing the drop noise 
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due to condensate dropping from inside roof on the surface of the stored medium. Using a new 
method with 3D location, 99% of the drop noise was removed, while only 90% of the drop noise 
was removed using an existing method with guard sensors. We confirmed that the new 3D loca-
tion noise removal method was extremely effective with AE sensors arranged in double rows on 
the wall.  

 
Fig. 15 Typical waveform of located AE on the corroded tank bottom. 

   
Fig. 16 Height distribution of events in AE test of corroded tank. 

 
References 
 
1) S. Yuyama, M. Yamada, K. Sekine, S. Kitsukawa, “HPIS Recommended Practice for Acous-

tic Emission Evaluation of Corrosion Damages in Bottom Plate of Above Ground Tanks”, 
Progress in Acoustic Emission XIII, (2006), pp. 397-404. 

2) High Pressure Institute of Japan, “Recommended Practice for Acoustic Emission Evaluation 
of Corrosion Damages in Bottom Plate of Oil Storage Tanks, HPIS (G 110 TR)”, May 2005. 

3) H. Nakamura, T. Arakawa, T. Fukuda, “Examination of AE wave generation mechanism with 
corrosion” in Proceedings of JSNDI Fall Conference (2004), pp. 119-121.  

4) A. Proust, J.C. Lenain, S. Yuyama, Progress in Acoustic Emission X (2000), pp. 147-152. 
5) P.T. Cole, P. Van De Loo, Acoustic Emission - Beyond the Millennium (2000), pp. 169-178. 


