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Abstract

In order to investigate the applicability of AE method for the evaluation of corrosion
damages in buried pipes, systematic tests have been conducted in laboratory and field.  Corrosion
tests in laboratory showed that steel specimens with thick oxide film generate very strong AE
signals with amplitudes over 80 dB during the corrosion process in a salt water.  It was also
found that signals in a low frequency band (20 – 80 kHz) are mainly produced during the
process.  Wave propagation tests using pipes under different surface and buried conditions found
that source location can be applied to a buried pipe covered with protection film up to 4 m in
length.  Field AE measurements for 13 buried pipes in service were made in a refinery.
Comparison of the AE data and UT thickness measurements and visual inspection demonstrated
the potential usefulness of AE technique for evaluation of corrosion damages in buried pipes.
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1. Introduction

Corrosion damages of buried pipes have been a significant problem in refinery.  Since the
pipes are buried, it is difficult to apply such NDT methods as UT, RT, PT, and visual inspection
for the damaged areas.  Acoustic emission (AE) has been widely used for the evaluation of
corrosion damages of tank floor in service, but AE applications in piping have been limited. [1,2]
The advantage of the method is that it can evaluate and locate the damages without taking the
structure out of service.

In order to investigate the applicability of AE method for the evaluation of corrosion
damages in buried pipes, systematic tests have been conducted in laboratory and field.  Corrosion
tests in laboratory showed that steel specimens with thick oxide film generate AE signals with
amplitudes over 80 dB during the corrosion process in a salt water.  It was also found that the
signals in a low frequency band (20 – 80 kHz) are mainly produced in the process.  Wave
propagation tests using pipes under different surface and buried conditions found that source
location should be applicable to a buried pipe covered with protection film up to 4 m in length.
To verify the usefulness of the technique field AE measurements for 13 buried pipes in service
were made in a refinery.  Comparison of the AE results and UT thickness measurements and
visual inspection showed that AE can be a very promising method for evaluation of corrosion
damages in buried pipes.

This paper reports results of the systematic tests conducted in laboratory and field, as a
research project of Petroleum Energy Center.



188

2. Test Procedure and Results

AE due to corrosion

Four pieces of small steel specimens were cut out for the tests from a roof of a tank in service

(Fig. 1).  Three specimens (Nos. 2-4) were covered with thick oxide film on one side.  The

corrosion product (oxide film) was completely removed from the surface in specimen No. 1. The

size was approximately 270  mm long, 35  mm wide and 2  mm thick.

      
Fig. 1 Specimens before testing. Fig.  2  Four specimens in 3% salt water (Test 1).

The specimens were immersed in 3% salt water (bottom 9 cm) in order to investigate AE

activities due to corrosion, as seen in Fig. 2.  Three different types of resonant AE sensors, PAC

R3I (30 kHz resonant), R6I (60 kHz) and R15I (150 kHz) were employed for the tests.

In Test 1, an R15I sensor was mounted on each specimen and AE was monitored

continuously for 55 days.  Figure 3 shows AE amplitude histories and distributions obtained

from this test.  It is observed that AE signals with high amplitude that reach 80 - 90 dB were

produced during the corrosion of the specimens with thick surface oxides (Nos. 2 – 4), while the

amplitudes are smaller than 60 dB in specimen No. 1 without thick oxides.

In Test 2, three sensors, one each of R15I, R6I and R3I, were mounted on specimen No. 1

without oxide.  AE was monitored continuously for 13 days.  Indicated in Fig. 4 are amplitude

histories and distributions.  The amplitudes are smaller than 60 dB in R15I, while larger

amplitudes that reach 70 – 75 dB are detected with R6I and R3I sensors.  Number of hits

detected by R15I was 40, while it was about 160 in both R6I and R3I.  Therefore, it is obvious

that signals produced during the corrosion process have a main frequency band in low

frequencies (20 – 80 kHz).

Wave propagation tests in pipes

Wave propagation tests were made on several pipes in a plant and model pipes under

different conditions (empty, filled with liquid, with and without rust-preventive coating).  The

pipes are made of carbon steel, 254 mm in diameter of schedule 10B. Other pipes had diameter

of 50.4 mm (2B) to 610 mm (20B).  These pipes extend much longer than the tested distances in

both directions. Four AE sensors with different resonant frequencies (R1.5I (15 kHz), R3I (30

kHz), R6I (60 kHz), and R15I (150 kHz)) were mounted on the pipes to detect AE signals due to

pencil-lead breaking.  Above-ground pipes (empty and liquid-filled) and simulated buried pipes
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Fig. 3  Results of Test 1 (Amplitude histories and distributions).

Fig. 4  Results of Test 2 with specimen No. 1 (Amplitude histories and distributions).
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Fig. 5 AE sensors mounted on a simulated buried pipe.

Fig. 6 Attenuation curve on an above-ground empty pipe (pencil-lead break sources).

covered with sandbags were utilized.  Shown in Fig. 5 are AE sensors mounted on a simulated

buried pipe.  Note that they are different from ones listed in Table 1.  

Figure 6 gives attenuation curves for A0 waves in an above-ground empty pipe.  AE signals

in the high frequency band (R15I) attenuate about 30 dB after traveling 17 m, while it is about 10

- 15 dB in lower frequencies (R6I, R3I, and R1.5I).  Shown in Fig. 7 are attenuation curves for

an above-ground pipe filled with liquid.  The attenuation is slightly greater than that of the empty

pipe and the signals attenuate about 10 dB after traveling 8 m.

Attenuation curves of an empty buried pipe without protective film are indicated in Fig. 8.

The signals attenuate about 20 dB after traveling 4 m.  Shown in Fig. 9 are those of an empty

buried pipe covered with protection film.  The attenuation is the largest in this case and the

signals attenuate almost 30 dB after traveling 4 m.  As presented in the previous section, AE

signals due to corrosion can give amplitudes of 80 – 90 dB if the surface is covered with thick
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Fig. 7 Attenuation curve on an above-ground pipe filled with liquid (pencil lead breaks).

    
Fig. 8 Attenuation curve of an empty buried pipe without protection film (pencil lead breaks).

oxide film.  These signals should be detectable over a conventional threshold voltage at the

distance of 4 m from the source, even taking the attenuation during the wave propagation into

account.  Thus it is concluded that source location should be applicable to a buried pipe covered

with protection film up to 4 m in length.
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Fig. 9 Attenuation curve of an empty buried pipe covered with protection film (pencil lead
breaks).

Field AE measurements for 13 pipes in a refinery
Field AE measurements were made for 13 pipes in a refinery.  Listed in Table 1 are pipe

numbers, sizes (nominal diameter in inches), liquid inside, and flow (volume) rates.  Ten of them
(Nos. 02 – 11) are partially buried (about 3 m in length) and three of them (Nos. 12 – 14) are
above-ground pipes, steam-heated and insulated.  These pipes are shown in Fig. 10.

Fig. 10  Partially buried pipes tested.
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Table 1  Tested pipes.

No. Size Liquid
Volume

rate (kl / h)
Flow rate
(cm / s)

02 6B 　Desulpherlyzed Naphtha 204 310.1

03 6B 　Desulpherlyzed light gasoline 48 73.1

04 6B 　Improved gasoline 20 30.5

05 6B 　Kerosene 71 108.1

06 6B 　Light oil 112 170.6

07 8B 　Heavy gasoline 204 174.7

08 2B 　Unknown - -

09 4B 　Cycle oil 51 174.7

10 6B 　Light oil 28 42.6

11 6B 　Jet fuel 0 0

12 18B 　Sub-produced heavy oil 0 0

13 18B 　Mid-quality sub-produced heavy oil 0 0

14 24B 　Mid-sulphur heavy oil 0 0

AE measurements were made normally for 30 minutes with 30 kHz and 60 kHz sensors
mounted on the pipe surface with magnet hold-downs.  Both sensors were paired and placed near
the both ends of the buried part, spaced  4 m to perform linear source location.

Figure 11 gives test results of pipe 02, obtained with 30 kHz sensors.  Number of hits
detected by each channel, hit rate history, hit history, amplitude history, source location and
event history are indicated.  280 hits are detected by the two sensors.  The maximum amplitude
exceeds 70 dB.  10 events are located and an event cluster is observed at one side (N side) of the
buried zone.  Test results obtained with 60 kHz sensors are shown in Fig. 12.  120 hits are
detected but only one event is locatable in this case, indicating much less detectability at 60 kHz.

Test results for all the pipes are summarized in Table 2.  Number of hits, number of events
and comments on the source location are listed with the pipe number and type of sensor.   Note
that measurements were made in very noisy environments for pipes Nos. 12 – 14 due to high
noise resulting from steam leaks.

Comparisons of AE data with UT and visual inspection
UT thickness measurements and visual inspections (VI) were made in order to verify

usefulness of the AE data.  Listed in Table 3 are comparison of AE results with UT and VI data,
giving correlation between them.  In pipe No. 2, excellent agreement is obtained between the AE
and UT/VI.  Both UT and VI observed significant corrosion at the N side of the buried part,
corresponding to the location of the AE cluster (source).  Small numbers of hits were detected in
pipes Nos. 6 – 11, where no significant corrosion was found.  Therefore, the correlation between
AE and UT/VI is relatively good.
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Fig. 11  Test results of pipe 02 (with R3I sensor).

Fig. 12  Test results of pipe 02 (with R6 sensor).
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In pipe No. 3, though AE clusters (sources) were found at both sides of the buried part, no

significant corrosion was observed.  Accordingly, there is no good correlation in this case.  In

pipes Nos. 4 and 5, it was difficult to obtain meaningful AE data due to unknown continuous

noise.  A lot of AE signals were detected but there was no significant corrosion on the pipes.  In

pipes No. 12 – 14, it was also difficult to obtain meaningful AE data due to continuous AE sig-

nals resulting from steam leaks.

AE measurement was made under good conditions for eight pipes.  Good correlation with

UT and VI was observed in seven of them.  There was one clear failure in the evaluation.  The

data obtained from the field measurements thus show that AE can be a promising method for

evaluating corrosion damages in buried pipes.  However, care must be taken to obtain meaning-

ful data for evaluation.  It is obvious that AE measurement must be done under good conditions

with low noise.

3. Conclusions

In order to investigate the applicability of AE method for the evaluation of corrosion dam-

ages in buried pipes, systematic tests have been conducted in laboratory and field.  From the test

results, the following conclusions can be drawn:

Table 2  Summary of the test results.

No.

(sensor)

Flow

rate

(cm/s)

Number of hits

(30 minutes)

Number

of

events

Source location

02(R3) 310.1 280 10 Left end of the buried part

02(R6) 310.1 120 1 Left end of the buried part

03(R3) 73.1 300 13 Left and right ends of the buried part

03(R6) 73.1 100 0

04(R3) 30.5 650 18 Left side of the buried part

05(R3) 108.1 480 45 Widely spread over the buried part

06(R3) 170.6 70 0 -

07(R3) 174.7 90 2 1 event each in the center and left side

08(R3) - 16 - -

09(R3) 174.7 120 - -

10(R3) 42.6 70 - -

11(R3) 0 36 5 Right end of the buried part

12(R3) 0 700(10 minutes) 220
Peaks in the left and right sides

(Vth = 50dB)

13(R3) 0 190(10 minutes) 42
Peaks in the left and right sides

 (Vth = 50dB)

14(R3) 0 2500(15 minutes) 600 Peaks in the left and right sides

14(R6) 0 190(15minutes) 50 3 peaks in the right side of the buried part
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(1) Corrosion tests in laboratory showed that steel specimens with thick oxide film generate

strong AE signals with amplitudes over 80 dB during the corrosion process in salt water.  It was

also found that the signals with low frequencies (20 – 80 kHz) are mainly produced during the

process.

(2) Wave propagation tests using pipes under different surface and buried conditions found that

source location can be applied to a buried pipe covered with protection film up to 4 m in length.

(3) AE measurements for 13 pipes in service were made in a refinery.  The comparison of the AE

results to UT thickness measurements and visual inspections showed the potential usefulness of

AE technique for evaluation of corrosion damages in buried pipes.

Table 3   Correlation between AE data and thickness measurement (UT) and visual inspection

(VI).
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