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ABSTRACT

Leakage in pipelines has always been one of the main problems in pipelines
transportation fluid. This fluid leakage can happened without any warning. The
leaking of fluid in pipeline can give effects to the economic loss and environmental
risk. Therefore, the early detection of leak is a main role in the fluid transportation
pipelines. This paper presents a technique for early detection of leak in single pipe.
The fluid pressure and flow rate velocity are considered as two dependent variables.
The governing equations of transient flow were proposed. The mathematical
formulation describes the solution process and then solved by the Method of
Characteristics and Finite Different Method (FDM). The simulation of pipeline
leakage with the three different diameters has been carried out by Matlab
programming to see the behavior of pressure and flow in the upstream head and
downstream head when leakage occurs. The results show; flow rate trends at the
incoming fluid flow pipelines is not equal to outgoing fluid pipelines when leaking
occurs and pressure trend at the incoming fluid also not equal to pressure trend
outgoing fluid. These situations are obtained to indicate the early presence of

leakage. This method provided a theoretical basis for early recognizing leakage.
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ABSTRAK

Kebocoran paip sentiasa menjadi satu masalah utama dalam bidang
pengangkutan bendalir melalui paip. Kebocoran bendalir ini boleh berlaku tanpa
sebarang amaran. Kebocoran bendalir di dalam sistem paip ini boleh memberi kesan
kepada kerugian besar terhadap ekonomi negara dan juga memberi risiko terhadap
alam sekitar. Oleh itu, pengesanan di peringkat awal kebocoran memainkan peranan
yang penting dalam bidang pengangkutan bendalir melalui paip ini. Kertas ini
membentangkan satu teknik untuk mengesan kebocoran di peringkat awal
kebocoran dalam paip tunggal. Tekanan bendalir dan kadar aliran halaju dianggap
sebagai dua pembolehubah bersandar. Persamaan asas aliran fana diperkenalkan.
formulasi matematik menerangkan teknik penyelesaian dan kemudian diselesaikan
oleh kaedah ciri-ciri dan kaedah beza terhingga. Dengan menggunakan
pengaturcaraan Matlab, simulasi kebocoran di saluran tiga paip yang berbeza
diameter telah diuji untuk melihat bentuk tingkah laku tekanan dan aliran di awal
takungan dan di akhir takungan apabila kebocoran paip berlaku. Keputusan
menunjukkan apabila wujudnya kebocoran pada sesuatu paip, trend kadar aliran
pada awal aliran bendalir masuk tidak sama dengan akhir aliran bendalir keluar dan
begitu juga dengan trend tekanan bendalir. Situasi sebegini menunjukkan bahawa
kebocoran di dalam paip boleh dikesan pada peringkat awal. Kaedah ini hanya

menghasilkan satu asas teori untuk mengesan dan mengenalpasti kebocoran.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

In general, transportation in pipelines is among the biggest infrastructure
projects in developing countries in recent years. Transportation in pipelines is the
transportation of good through a pipe. There is much type of fluid or sources that can
be transported by pipeline such as refineries, oil or natural gas, biofuel, ammonia,
hydrogen, coal, beverage and the common one is water. Commonly, an industry
provided a pipeline that comprises steel pipes that are always buried in land. The line
(pipe) comprises pumping station to propel the liquid and terminal at both ends for

the product or source being carried.

In this pipeline transportation, the fluid flow is considerable importance in
process for homes and city (water), for country and transport in daily life (oil or
natural gas) and many more. Generally, the fluid could be a single phase, liquid

phase or gases phases. It also could be the mixture of gas, liquids or may be solid.

Pipelines transporting fluids requires to a great extent in the world nowadays.
As the study mention above, the pipelines can be classified in three categories
depending on purpose which is gathering pipelines, transportation pipelines and

distribution pipelines.

Transmissions pipelines flow model are one of the larger pipeline which is

they are the main arteries of the oil and gas transportation systems (in certain case).



Generally, the public will not normally see these as they are either under the sea or
buried on land. In order to support high transportation rates, the transmissions
pipelines usually large diameter and operate at high pressures. Also, the transmission
pipelines have a good safety record since the combination of good design, materials
and operating practices has been developed.

During the construction and operation, the pipelines must be able to
withstand a variety of loads and ranging from the high loads because the major cases
in most pipelines is that cause by the internal pressure. Generally, there exist four
main categories of pipeline failure in this industry such as the pipeline corrosion and
wear which it is possible damages that can be happen because of the product used
itself.

Hence, the operation outside design limits whereas the operators seek to use
the line for as many fluids as possible. Unintentional third party damage and
intentional damage also included in pipelines failures categories that will cause a big

implication to industry.

Generally, there are many factors that will give a big impact to the pipelines
transportation. Any possibility could be happen in the pipelines flow since the naked
eyes also cannot notice the problem occurs. For example, in oil and gas industry, heat
exchangers and fouling in oil refineries, inhomogeneous mixture, corrosion and also
leakage problems could be happened in pipeline. Typically, heat exchanger is
commonly used a chemical process in order to transfer heat from hot fluid to a cool
fluid through a solid wall (Khare, 2010). Most of the industries used heat exchanger
system since there exist many different types of heat exchanger in the industry.
Meanwhile in oil refineries, fouling is the major cause of energy loses since through

the years, the oil industries need to face this problem.

The next example for fluid that is transported by pipelines is water. Water is
the most important sources that are very potentially useful to humans, animals, plants

and many others. The uses of water are also useful for agriculture, recreational uses



and industrial part. The entire user needs clean water and fresh water to live in this
world and due to that the clean water is in high demand. Same as in oil and gas
industry, any possibility could be happen to the groundwater flow in pipelines. One
of the possibility is the groundwater can become polluted in the pipelines flow when
toxic are dissolved into water. Otherwise, the most famous problem in pipeline flow
is the leakage problems can happened. Surely, all of these problems will give a
drastic impact to economic of the country.

There exists too many methods and techniques to reduce the risk due to
ensure the pipelines are not damaged, or that damage is detected before it poses a
problem. Here are the examples of the methods used to detect damage to the
pipelines such as, patrol, internal inspection, above ground inspections, leak surveys,

specialized surveys, on-line quality monitoring, hydro testing and public awareness.

Mathematically, the inspection can be done by solving its governing
equations analytically or numerically. Here, we interested to consider the Finite
Different Method (FDM) to describe the solution process. Finite Different Method
was proposed by Zixuan et. al (2010) and was used to carry out a qualitative analysis
on the negative pressure wave transmissions process and reflection in the closed
pipeline. In fact, the finite difference method is a technique suitable for recognition

of pipeline leakage.

Thus, in this dissertation a Matlab programming will be developed to solve
the finite difference equation to analyze the variations trend of pressure and flow

after leakage.

1.2 Problem Statement

Transportation of fluids in pipelines is very common in chemical and

petrochemical industries. In this case, leaks in pipelines are the most serious problem



and whereas it has the potential to cause significant environmental damage and
economic loss. The flow and pressure in a pipeline having leakage can be seen by
using numerical or mathematical approach. These flow and pressure are affected by

the external factors such as diameter of pipelines or types of a pipeline.

1.3 Objective

The objectives of this project are:

1) To formulate a mathematical model due to leakage problem in a pipeline.

2) To construct a numerical descritization of the governing equations problem.

3) To analyze the result from simulation for a leakage problem for different diameter
of pipe.

1.4 Scope of the Project

Scope of this project is focusing on the basic assumption from a mathematical
modeling. The flow transient analysis model of pipeline is built on the following
assumption such as the flow is one dimensional, the flow is non-stationary and the
flow is incompressible. As model of pipeline has the basic assumption, we construct

the numerical calculation of transient flow theory to pipeline leakage.

1.5 Significance of the Study

The positive result of this study will has a great impact for economical, time
needed and safety operation in this industry. This also will give some ideas to other

researcher due to solve the real life problems out there by using the mathematical



modeling. Hence, the application of mathematical modeling will be introduce to the
world which may be used as a reference to other related areas.

1.6 Introduction to Chapters

This report contains six chapters including introduction chapter. Section 1.1
presents the research background on the development of research in this area. Section
1.2 described the problem statement; Section 1.3 listed the objectives of the study
while Section 1.4 is state about scope of the study and Section 1.5 elaborate about
significance of the study.

In Chapter 2, we discuss about the literature review. We are looking for
related publication of research, papers, journals, books or any discussion related to
this study. This reference will support our study with strong evidence from the result
published.

The main objective in Chapter 3 is to understand about transient pipe flow
equation. The transient pipe flow equation was introduced in this chapter. The
derivation of momentum and continuity equation is shown where the study needs to

reduce the partial differential equation to ordinary differential equation.

The next chapter describe about method use in this study named Method of
Characteristics. The method of characteristics is introduced after the momentum and
continuity equations are derived. Then, we introduced the Finite Difference Method
and there are several steps that we have go through using this method, called
discretization shown in Section 4.2.1. The rest are discussing about the notation for

flow and pressure in a pipeline.

Majority parts of Chapter 5 are describing the application result obtained in
Chapter 3 and Chapter 4. We will use the equation from both chapters and apply

them to the mathematical programming; Matlab. We have used the existing



algorithm to use in the program in solving a mathematical model given in chapter
three. Next, the chapter also describes the analysis of results which elaborate about

the behavior of pressure and flow rate trend with different diameter.

Finally, the summary of this study will be included in Chapter 6. This chapter

also contains some suggestions for future studies.



73

REFERENCES

Ahmad, A. and Abd. Hamid, M. K. (2003). Pipeline Leak Detection System in a
Palm Oil Fractionation Plant Using Artificial Neural Network. International

Conference on Chemical and Bioprocess Engineering. ICCBPE 2003,

Anderson, J., D., Jr. (1995). Computational Fluid Dynamics: The basics with
applications. (1% ed.). New York: Mcgraw-Hill Book Co.

Brunone, B., Ferrante, M. and Ubertini, L. (1999). Leak analysis in pipes using
transients. ASCE

Chuanhu, G., Guizeng, W. and Hao, Y. (2007). Analysis of the smallest detectable
leakage flow rate of negative pressure wave-based leak detection systems for
liquid pipelines. Journal of Computer and Chemical Engineering, 32 (2008)
1669-1680.

Chaundhry, M. H., Mpesha, W. and Gassman, S. L. (1987). Journal of Hydraulic
research. Leak detection in pipes by frequency response method using a step
excitation. VVol.40 (No. 1): 55-62.

Courant, R., K. O., Friedrichs and Lewy, H. (1982). Uber die
Differenzengleichungen der Mathematischen Physik. VVol.100:32.

Elaoud, S. and Hadj-Taieb, E. (2009). Journal of Ecologic Vehicles Renewable
Energies MONACO Leak detection of hydrogen- natural gas mixtures in

pipes using the pressure-time transient analysis.



74

Elbashir, M. A. M. and Amoah, S. O. K. (2007). Hydraulic transient in a pipeline.
Master of Science: Lund Institute of Technology.

Hauge, E., Aamo, O. M., and Godhavn, J.M. (2007). Model Based Pipeline
Monitoring with Leak Detection. Department of Engineering Cybernetics,
Norwegian University of Science and Technology, Trondheim, Norway.
IFAC

Guozhong, W. and Chang, X. (2011). Numerical simulation on leakage diffusion

process of buried oil-gas-water pipeline. Eastern Academic Forum. 171-175

Khare, Y.B. and Singh, Y. (2010). International Journal of Computer Applications
Control of Heat Exchanger System. 8(6):22-27.

Doney, K.L. (2007). Water transmission line leak detection using Extended Kalman
Filter and the Exlended Boundary Aproach. University of Saskatchewan,

Saskatoon: Masters of Science.

Lesyshen, R.M. (2005). Water transmission line leak detection using Extended
Kalman Filtering. Masters of Science: University of Saskatchewan,

Saskatoon

Misiunas, D. (2003). Burst detection and location in pipelines and pipe networks
with application in water distribution systems. Doctor Philosophy: Lund

University.

Noourollahi, E. (2003). Organisation NIGC (National Iranian Gas Company).

Simulation of gas pipelines leakage using characteristics method.

Normurniyati Abd. Shattar (2011). Predicting refinery energy losses due to fouling in

heat exchangers. Master of Science: University Technology Malaysia:



75

Salvesen, J. (2005). Simplified observer design and simulation for leak detection in
fluid pipelines. Department of Engineering Cybernetics Norwegian
University of Science and Technology, Trondheim.

Sechun, C., Lijing, D., Baihai, Z. and Xiangyun, C. (2011). Leak Detection and
Localization of Gas Pipeline System Based on Full Dynamical Model
Method. Proceeding of the 30™ Chinese Control Conference. July 22-24,2011.
Yantai, China. 5894-5898

Urroz, G. E. (2004). Hydraulic pipe transient by method of characteristics. 1-12.

Wan, J., Yu, Y., Wu, Y., Feng, R. and Yu, N. (2011). Hierarchical Leak Detection
and Localization Method in Natural gas Pipeline Monitoring Sensor
Networks. Sensors 2012, 12, 189-214.

Wang, X., Lambert, M. F., Simpson, A. R., ASCE, M., Liggett, J. A. and Vitkovsky,
J. P. (2002). Journal of Hydraulic Engineering. Leak Detection in Pipeline
using the Damping of Fluid Transients.. July 2002.128 (7). 697-711

Wood, S. (2011). Modeling of pipeline transients modified method of characteristics.

Master of Science: Florida International University.

Zixuan, Y., Shidong, F. and Ting, X. (2010). Simulation and Numerical Calculation
on Pipeline Leakage Process. IEEE. 1(1)





