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Water-supply consumers today are seeking high standard water services that correspond to their
improved living environment. As a result, waterworks services around the world have been making
efforts to provide stable supply of high quality water. However, in Korea the average revenue water
ratio of the entire country in relation to the amount of fees collected for the production of water
supply facilities was 83.5% in year 2011, lower than other developed countries with advanced
water supply systems. This low revenue water ratio is caused by leakage in and deterioration of
pipelines. There are many factors that contribute to leakage and deterioration, and these factors
have some kind of correlation between them. Firstly, the cause of leakage and deterioration is found
in the pipe material. Traditional materials such as PVC, PE and CIP (Cast Iron Pipe) are weaker to
leakage and deterioration than comparatively new materials such as DIP (Ductile Iron Pipe).
Moreover, the pipe aging is another factor, and there are more than 20% water distribution pipelines
that are over 21 years old. This means such water distribution pipelines are already deteriorating.
Other cause of leakage is pipe corrosion, particularly with physical and chemical soil properties.
However, as it is too difficult to directly measure the degree of corrosion, it is necessary to
indirectly measure and assess corrosion in pipes. When water leakages and pipeline accidents
occur, water can be cut off and cause direct damage to consumers, while affecting others as a result
of roads being blocked off and hindered use of surrounding facilities during pipeline restoration.
Consequently, it is necessary to replace water distribution pipelines for preventing leakages. The
aim of this research was to suggest how to effectively plan water distribution pipeline management
by considering three methods: to indirectly check the present conditions of pipes through a
statistical approach, to effectively calculate the replacement rate of pipes through economic
evaluation within the limited budget, and to calculate the replacement priority of pipes by
predicting pipeline accidents and the extent of damages that may happen in the future. This paper
comprises five chapters and includes a discussion on these three methods.

Chapter 1 provides a general description of the research background, purpose and composition;
while Chapter 2 evaluates the present pipe conditions in an effective way. The study particularly
regards pipe corrosion as a representative factor of pipe condition, because corrosion of pipes cause
cracks and bursts that lead to water leakage, pipe repair, and even water quality problems. It should
be noted here that it is difficult to evaluate pipe corrosion. Pipes laid underground are hardly




excavated for examination. Pipe corrosion is also related to many factors such as pipe materials,
pipe age, surrounding soil conditions, water quality, pipe maintenance and management, and so
forth. Hence, in order to evaluate pipe corrosion without excavation, a method of indirect
evaluation is necessary. For this study we focused on external corrosion by firstly searching
references on pipe corrosion and then analyzing samples with pipe characteristics and using soil
test. During this process, statistical approach was applied to this study due to insufficient data. In
particular, discriminant function analysis and regression analysis were applied to the analyses of
soil properties and pipe characteristics, respectively. We then developed models applied to the study
area for evaluating pipe corrosion. In addition, this study also evaluated future risks by utilizing
developed models.

Chapter 3 deals with the rate of annual replacement of main distribution pipelines. Water pipelines
age with time and aged pipelines cause leakages and other water supply problems. Thus, a
replacement plan is needed to effectively maintain these pipelines. This study proposes a
long-period simulation using an accidental damage occurrence model that handles water pipeline
damage contingencies. It involves the calculation for the post-damage maintenance scenario and
the preventive maintenance scenario, as well as comparative analyses of the costs and the affected
population, ultimately achieving a highly cost-effective replacement plan. Here, as occurrence of
failure may be influenced by various contingent factors like random phenomena, the failure
probability was calculated using Monte Carlo simulation. Next, the results of the simulation were
applied to economic evaluation using benefit—cost analysis. Economic evaluation is necessary
because budgets for pipeline replacement are limited. In this study, the benefit is shown as the
affected population, while the cost is the sum of total repair cost and total replacement cost. From
this we were able to set the annual replacement rate for main distribution pipelines through the
simulation model and economic evaluation. In addition to this, the replacement of key pipelines
was also introduced.

In Chapter 4 we proposed the replacement order for distribution pipelines. Current existing water
pipeline replacement plans almost follow the order of aged pipelines, but such plans can be
vulnerable to risks. The cause of a pipe’s deterioration is not only due to aging but also various
other factors. Accidents along important pipelines cause more impact both directly and indirectly
on consumers. Thus, this study aims to propose an efficient water pipeline replacement plan by
considering risk prevention and factors that cause the deterioration of pipelines.

For this study we attempted to analyze risks through three analyses. The first analysis was for
predicting the number of pipeline damages to find out how many times the pipes would be
damaged in the future. The second analysis was for estimating the restoration time which
represented indirect disadvantages of pipeline damage accidents by pipe repair time. The third
analysis was for investigating the direct impact on consumers when a pipeline is intercepted at the
damaged point. From these analyses we were able to obtain the quantitative rank of risks in each
analysis. As the risk ranking of each analysis is different, it was necessary to find the overall risk
ranking. Consequently, in this study we introduced the predicted risk index (PRI) to estimate the
overall risk ranking. In conclusion, the highest PRI eminently deserves the utmost priority for
pipeline replacement. This study also proves that replacement in order of PRI has an advantage
over replacement in order of aged pipes using the simulation model given in Chapter 3.

Chapter 5 presents the conclusions of this research and recommendations based on the
conclusions. In the conclusions a summary of this research is provided and the achievement of the
present study is discussed. Recommendations were made for further considerations on proposed
methods to evaluate and replace the water distribution system in Korea.
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