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Abstract. Various methods of corrosion assessment on drinking water
distribution pipelines have been reviewed in this paper. Five methods of
corrosion assessment consisting of sampling method, scanning method,
ultrasonic testing method, electromagnetic inspection method and corrosion
index assessments described provide valuable information regarding their
implementation mechanisms. Since each method has its advantages and
limitations, the application of methods on the pipeline must consider the
environmental conditions of the pipeline to be inspected, as well as the
equipment and resources available.

1 Introduction

The main pipeline consist of iron pipes such as gray cast-iron pipes, ductile cast iron pipes
and steel pipes [1] is susceptible to internal corrosion [2] which causes the dissolution of iron
into the water, and forms an iron oxide that produces particulate iron compounds in water
and causes "red water" that affects the water quality [3]. Corrosion that occurs in pipes can
vary significantly in one segment with another segment [4] and it is the key factor affecting
failure pressure of the pipeline [5].

Drinking water distribution pipelines are generally planned for a period of more than 40
years to ensure water supplies to more than 90% of the city's population smoothly with good
quality [6] [7]. To ensure the quality of the water supply, as well as to maintain the stability
of drinking water supply in a sustainable manner, the drinking water company should
rehabilitate the damaged pipes or old pipes systematically [3]. Rehabilitation of pipelines
requires up to date data and information on pipeline conditions. Without proper information,
it can lead to un optimal rehabilitation associated with cost, time and method [4]. The
assessment of pipe corrosion is one way to obtain information: the condition of the pipeline
which is necessary to avoid failure of equipment that may cause interruption of operation,
about the relationship between the corrosion process and the operating variables, with the
result that pipes can be used more efficiently [8].
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The assessment of corrosion of drinking water distribution pipelines can be focused on
three factors: physical, operational and environmental factors. Physical factor parameters are
pipe mass loss within a certain time period, which can be converted into pipeline corrosion
rate per year. The operational factor parameters are related to the performance of water flow
in the pipeline, in the form of transient pressure, flow rate and flow capacity. Environmental
factors that affect the occurrence of damage to the pipeline consists of external and internal
environment. External environmental parameters are soil corrosivity or resistivity, soil
moisture, pH, sulphide and chloride concentration, whereas internal environmental
parameters are water aggressiveness affecting pipe corrosion, such as pH, hardness and
oxygen dissolution [9].

Based on the corrosion assessment factor, corrosion assessment can be done directly and
indirectly. There are several methods of corrosion assessment on applicable drinking water
distribution pipelines. The intention of this article is to describe several methods of internal
corrosion assessment of drinking water distribution pipelines as part of pipeline assessment
technology.

2 Literature Review

To improve the reliability of the water supply system, it is necessary to conduct a pipeline
inspection, because if the extent of damage to the pipe wall and its operating period is known,
it can calculate the average corrosion rate as the basis for decision making on pipe
replacement or rehabilitation [7].

The study to determine the condition and predict the life time of the pipe future of the
ductile cast-iron pipes that are used as drinking water distribution pipes was conducted [3].
Assessment is done with the impact of elastic-wave method on the piece of pipe after
receiving the mechanical loading at one end. Because pipeline stiffness will decrease due to
decrease of pipe thickness caused by corrosion, the thickness of the pipe is known based on
the peak vibration frequency data of the pipe [10]. While the hole on the surface of the pipe
is known based on the frequency distribution of pipe vibration waves, because the frequency
of pipe waves that have a hole in the distribution of a lower range than the massive pipe
frequency waves [3].

Pipeline corrosion assessment can also be done through coupon testing [11]. Investigated
the corrosion rate of reclaimed water distribution pipes through coupon testing is performed
by making a closed test installation with a test chamber as a coupon rack, located in the
middle of the installation. The weight changes that occur in each coupon over a period of
time become the basis for calculating coupon corrosion rate, as an indicator of corrosion
assessment [12].

Corrosion assessment on drinking water distribution pipelines can also conducted based
on acoustic resonance technology method [4]. The assessment of corrosion is done using pipe
scanner which has a number of ultrasound transducers, as well as data acquisition and data
storage. Pipe scanners are inserted into the pipe through a hole made at the beginning of the
pipe and moved along the inspected pipe. Acoustic resonance technology refers to the use of
wide-band acoustic pulses to generate resonance modes in the pipe. This mode will be
reflected from the pipe wall and received by the transducer for further analysis [13]. The area
that goes in the resonance and from which the acoustic signal is reflected is called 'foot print'.
The acoustic reflection signal contains information such as wall thickness and corrosion in
'foot print'. The analysis can determine the thickness of the pipe wall, although the pipe is
covered by corrosion or sediment products. This method can determine the thickness of the
remaining pipe wall in the range of 1.5 to 25 mm, distinguish between corrosion inside and
outside the pipe, and indicate the position and area of rust, tuberculosis and sedimentation in
the pipe [4][14].



MATEC Web of Conferences 248, 05008 (2018) https://doi.org/10.1051/matecconf/201824805008
ESTIC 2018

Non-destructive techniques can be done to inspect water pipes made of steel and ductile
cast iron are based on eddy current and ultrasonic technique [15] [16]. Ultrasonic testing
method used the ultrasonic waves with high frequency above 20 Khz. The ultrasonic testing
system consists of several functional units such as receiver waves, transducers, and display
devices. Receiver waves are electronic devices that can generate high-voltage electrical
energy that makes high-frequency transducers produce ultrasonic energy. Ultrasonic waves
are generated by changes in electrical energy to the mechanical energy of a transducer or
probe, through a piezoelectric effect. The piezoelectric effect is a reversible effect, which in
the event of a change of electrical energy to a mechanical, then a change of mechanical energy
to electrical energy also occurs.

Sound energy will spread in the form of waves through pipe material and when there are
defects detected by waves, some energy will be reflected back from the defective surface.
Ultrasonic scan, has the ability to detect metal thickness changes down to less than 0.2 mm
[17]. Examination of thickness and presence of defects in the pipes with ultrasonic waves can
be done through resonance techniques, transmission techniques, and echo techniques. A
resonance technique that measures the thickness of the material through measurement of
ultrasonic wave lengths that can lead to maximum resonance in the material and the
determination of defects based on resonance changes. The transmission technique determines
the defect based on the decrease in the intensity of the ultrasonic wave received by the
receiver probe. The echo technique determines the thickness of the material, the location and
the size of the defect based on the time of propagation and wave amplitude received by the
probe [15].

Electromagnetic inspection method is done by application of remote field eddy current.
This method is based on the measurement of the attenuation and phase delay of the
electromagnetic signal as it passes through the thickness of the metal pipe wall. Pipe
inspection is performed using an exciter coil that produces a direct (internal) electromagnetic
field moving inside the pipe, but its power will weaken rapidly because of the circumferential
eddy current induced in the wall of the conductor pipe. Simultaneously, the exciter produces
another indirect (external) field that travels through the wall of the pipe with a small
attenuation. The change of field strength and attenuation depends on the thickness of the wall
of the pipe thus from this change allows the determination of the thickness of the pipe wall
[15][18].

Corrosion assessment on drinking water distribution pipelines can also be performed
based on the water condition in the pipelines. The water condition described as the corrosion
index which can cause corrosion impact to the pipe walls. Langelier Saturation Index (LSI),
Ryznar Stability Index (RSI), Larson-Skold (LS), Puckorius Index Scaling (PSI) and
Aggressive Index (Al), are usually used to determine whether water flowing in a pipe affects
corrosion or forms a water sediment on a pipe wall [19][20].

Physicochemical reactions that occur between metals and environments that have
electrochemical properties will cause changes in the properties of metals. Corrosive water in
the pipe will dissolve the pipe material during flow and this causes many problems [21].

3 Recommendation for Future Work

There are five methods that can be used to assess the corrosion of drinking water distribution
pipes. In practice, the methods have their own advantages and disadvantages. The sampling
method provides pipeline condition information at a particular location at which the sample
was taken [11]. This method can’t provide comprehensive information from the inspected
pipeline. While the scanning method can provide more comprehensive information on the
inner pipe surface conditions [4][14]. Ultrasonic testing and electromagnetic inspection may
provide better pipeline condition information, but this method requires a skills operator and
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need a relatively larger cost. The corrosion index assessment method through the flowing
water examination is a relatively easy method, but the information obtained from the
application of this method does not directly describe the condition of the pipe surface.

Based on the parameters of corrosion assessment, the application of the sampling method
with impact-elastic-wave method, scanning method, ultrasonic testing and electromagnetic
inspection are performed for assessment the physical factors. Meanwhile the sampling
method with coupon testing is done for operational parameters assessment, because in this
test can be varied velocity, pressure and water temperature flowing in the pipe. Moreover,
corrosion assessment by corrosion index method is an assessment based on the parameters
of the pipe internal environment. To get better information on corrosion assessment of
pipelines, two methods can be implemented on the pipelines to be inspected.

4 Conclusion

Several methods may be undertaken for assessment of corrosion of drinking water
distribution pipelines, which provide information on pipeline conditions and environmental
or water conditions that flow within the pipeline. Five methods of pipe corrosion assessment
have been proposed in this article and each method has advantages and limitations. To
conduct an effective corrosion assessment, the selection of methods to be applied to a pipeline
must consider the environmental conditions of the pipeline to be inspected, as well as the
equipment and resources available. The data and information obtained from the corrosion
assessment can be considered for the decision of rehabilitation or replacement of drinking
water distribution pipelines.
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