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Abstract

Degradation of existing pipeline systems often leads to water leakage.  In most cases, non-

destructive tests, such as a water leak detection method and a ground probing radar method are

applied to identify defects in pipeline.  Although these methods are effective for surveying

limited sections, further technical improvement is necessary for wide-range and long-term

measurements for maintenance and management of the existing pipelines.  In this study, an

existing pipeline system is examined, applying AE method.  It is found that AE behaviors in the

pipeline are dependent on the degree of damage or water leakage, and can be evaluated by AE

parameter analysis.  AE activity in water-leak section is identified as tensile-type AE events.  A

relation between AE rate and the water leak is analyzed by the rate process theory and allows

quantitative damage evaluation of water-leak in pipeline.
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1. Introduction

In recent years, the maintenance for lifeline infrastructure has become a target of intensive

research.  The necessity for damage monitoring is growing, because it is difficult to conduct

visual observation in buried pipeline systems.

Deterioration of existing pipeline systems often results in overt-through water leaks (Fig. 1)

or inner pressure decrease.  Conventionally, using a leak detection method or a leak survey

method, the leakage has been identified.  Damage to the pipelines results from not only the

deterioration, but also water-hammer pressure.  Wide-range and long-term measurements are

needed for maintenance.  Though the conventional methods are effective for intensive survey

on a limited section, they are not effective for global and long-term measurements.  In order to

develop a new monitoring technique, acoustic emission (AE) method is applied to on-site

measurement of pipelines.  Based on a parameter analysis of AE results, water leaks are

evaluated.  AE activity is quantified by the rate process theory.  Application of AE method to

the detection of leakage and the evaluation of damage in the existing pipeline is studied.

2. AE Monitoring of Water Leakage

In this study, AE sensors detected AE generated due to water leakage in a pipeline. Based

on AE characteristics, the degree of damage is evaluated.  Compared to the conventional

methods, AE method is promising, because results are not affected by the degree of

deterioration in an existing pipeline.  AE monitoring was conducted at Kasanohara main

channel located in Kanoya, Kagoshima, Japan.  The pipeline system was constructed 36 years

ago.  Water leak accidents occurred 92 times (2.6 leaks per year on average) from 1967 to 2002.

70% of water leaks occurred at joint sections.
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Fig. 1  Water leakage in a joint section.

Fig. 2  Outline of AE Measurement on pipeline section.

A monitoring section of the length L = 1.1 km is illustrated in Fig. 2, consisting of a PC pipe

with a diameter of 500 mm.  Water leak was detected around a water-leak section in the figure.

It is confirmed that a water leak is about 1.14 m
3
/d cm km, which is ten times as much as the

amount of allowable water leak in Japan (0.1 0.15 m
3
/d cm km) for a new PC pipeline [1].

Normal section in the figure corresponds to non-damaged line.

Three AE sensors were set on an exposed pipe at an existing manhole.  Outline of the

measurement system is illustrated in Fig. 3. DISP-AE system (manufactured by PAC) was

employed.  The duration of measurement was 30 minutes.  AE hits were detected by using AE

sensor (resonance frequency: approx. 150 kHz).  To count the number of AE hits, the threshold

level was set to 38 dB, with a total gain of 60 dB.  AE measurement was conducted with a 3-

channel system.

3. AE Parameter Analysis

AE behavior of a pipeline with leakage was associated with inner water pressure. AE hits

were analyzed by using parameters of RA value (rise time/peak amplitude) and the average
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Fig. 3  AE measurement system in pipeline.

(a) Water Leak Section      (b) Normal Section

Fig. 4  Relations between AE hits and inner water pressure.

frequency (AE ring down counts/duration. [2] Inner water pressure was measured as 0.44 MPa

under normal operation.  AE monitoring was conducted after a gate valve had been closed.  The

inner water pressure dropped by 23% in 30 minutes, from 0.44 MPa to 0.34 MPa.  Relations

between AE hits and inner water pressure are shown in Fig. 4 (a) and (b).

At the leaked section, AE activity became stables about ten minutes after the inner water

pressure started to decrease.  It appears that high AE activity at the beginning is associated with

water leak, caused by a high inner water pressure (Fig. 4(a)).  On the other hand, at the normal

section, AE activity is steady regardless of inner water pressure (Fig. 4(b)).  Similar results

were reported elsewhere in buried pipeline. [3]

AE generating behavior of the leaked section was compared with that of the normal section

in terms of RA value and the average frequency.  Results are shown in Fig. 5.  Tensile-type AE

events are mostly observed at the leak section, whereas shear-type AE events are active at the



275

0

200

400

600

800

0 100 200 300 400 500

RA Value(mmsec/V)

A
-F

R
Q

(k
H

z
)

Normal Section

Water Leak Section

Fig. 5  Relations between A-FRQ and RA value.

normal section.  It is expected that tensile-type AE events are generated by water leakage from

the pipeline system as well as tension cracks of cover-coat mortar, while shear-type AE events

are generated by the flow of water.

AE generating behavior observed in the existing pipeline system is closely related to inner

water pressure.  When water leakage occurs under high inner-water pressure, a large amount of

tensile-type AE events were observed.  Thus, for the evaluation of leakage and damage of

existing pipeline systems, AE parameter analysis is effective.

4. Quantitative Evaluation by AE Rate-Process Analysis

The rate process theory has been applied to quantify AE generating behavior.  AE activity in

the existing pipeline with inner water pressure corresponds to the generation of micro-cracks

and water leakage in pipelines.  AE activities seem to increase in accelerated manner with

variation in the inner water pressure.  This process can be subject to stochastic process. (4)

Equation 1 represents the number of AE hits dN with an increment of inner water pressure

from P to P+dP, where the total number of AE events is N and the rate of AE activity at the

inner water pressure level P is f(P):

  
f (P)dP =

dN

N
                                      (1)

The rates f(P) estimated in AE rate-process analysis are shown in Fig. 6.  The inner water

pressure ratio, P/Pmax, refers to the ratio of the inner water pressure P to the maximum inner-

water pressure Pmax.  Results show the rate of AE activity under high inner water pressure is

higher than that of the normal section.  In the normal section, the rate of AE activity f(P)

remains always less than 0.04, without correlating to the decrease in the inner water pressure.

These results confirm that AE generating behavior in existing pipeline systems can be

quantified by the rate process theory.  Thus, it is possible to quantify the degree of damage in

pipelines under different inner water pressures.

Tensile

Shear
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Fig. 6  AE rate-process analysis.

5. Conclusion

Leakage and damage of deteriorated pipeline are studied by AE method.  AE activity is

closely related with water leakage or damage of pipeline, and is analyzed by AE parameter

analysis and the rate process theory.  Thus, the degree of damage in existing pipeline is

quantitatively evaluated.  Conclusions are summarized, as follow:

(1) AE generating behavior in pipeline with water leakage can be discriminated by applying AE

parameter analysis.

(2) The tensile-type AE hits are actively observed due to water leakage.

(3) Quantitative damage evaluation of pipeline with water leakage can be performed by AE

rate-process analysis.
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