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Introduction

Transmission lines network are very complex structures
used to transfer fluid between the production site and
the distribution point by elements such as compressors,
pipe parts, valves, etc. It is the most economical way to
transfer a large amount of fluid. As the pipe expands, it
also passes close to sensitive areas such as urban areas.
Also, the transferred fluid may be flammable or toxic.
Therefore, the leakage will be very important.

After a leak or explosion in a pipe from the oil
transmission network, some parameters of the network
change, which can be used to identify and determine
the location of the rupture and leakage of pipes. These
parameters include pipeline pressure changes, flow
changes, ambient and soil temperature changes around
the pipe, changes in the humidity of the environment
around the pipe, odor, and ultimately noise caused by
fluid leakage [1].

There is currently a wide range of leak detection
methods that have disadvantages and advantages, and
choosing a method from among them should be done
intelligently. In a general view, the various methods
used to detect leaks and their location can be divided
into the following three categories:

A) Phenomenological methods

B) Hardware methods

C) Software methods

Biological methods are based on the skills of trained
workers or animals, and sound, smell, or sight are used.
This method is highly dependent on human or animal

Accepted: October/31/2020

sensitivity and is applicable in a limited number of
cases.

The hardware method detects leaks by using various
tools and sensors via detecting abnormal signals
created by leaks. These include various types of
temperature sensors, acoustic sensors, gas detection
devices and pressure sensors [2].

In the software method, using thermodynamic
specifications such as pressure, flow and fluid
temperature, as well as the dynamic equations of the
pipeline, a model of the line is obtained and finally,
by analyzing the measured data, the leak location and
its size are determined. Hardware methods have high
costs and human resources, so numerical simulation
methods are a good alternative [3].

Software-based methods that use Scada sensors, are
categorized by model-based and data-based methods.
Software methods include Real Time Transient
Modeling (RTTM), Mass balancing, Negative Pressure
Wave (NPW) and statistical methods [4].

Experimental and Methodology

Pipeline

The pipeline under study is a part of the Export Oil
Corridor, which connects the two main pump houses.
The line is 87 km long and 42 inches in diameter.
The inlet flow to the pipeline is 550 kg/s and the inlet
pressure is 18 bar. The profile of the pipeline is shown
in Figure 1.
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Fig. 1 Profile of the studied pipeline.

Because real leakage data was not available, Olga
software was used to simulate leakage of pipeline.
Mechanical characteristics such as diameter, thickness,
length, material of construction and profile of the
pipeline and dynamic parameters such as pressure
and operating flow in leak-free mode were given to
the Olga simulator. Then, different leakage scenarios
were applied and the pressure and flow characteristics
of different points of the pipeline were obtained. These
scenarios include a leak with sizes [0.1, 0.2, ..., 2]
inches and [5, 10, 20, ..., 80] km from the beginning
of the pipeline. To examine these cases, there will be
20 different modes for size and 9 modes for distance,
which will ultimately define 180 leakage scenarios.

Leak Detection System Modeling

Line leak detection systems are usually compared in
terms of speed of detection, ease of implementation,
affordability, ability to separate faults, and
determination of deterioration conditions. In this
paper, we have tried to meet these results with the

0 5 ] 65 FL I [ 4]

5 el
Horizontal distance [km)

practical implementation of the system.

In order to detect leakage, we used a flowmeter at the
end and 9 pressure transmitter at certain distances
from the pipeline. Relative values are used instead of
absolute pressure and flow.

At each point of measurement will be placed a remote
transfer unit (RTU) that receives information from
local equipment and transmits it to the Master Terminal
Unit (MTU).

Neural Network Leak Detection System

The relative outlet of the pipeline is used to detect the
size of the leak. In Figure 2, Q represents the outlet
flow of the pipeline, S indicates the leak size, and D
refers to the leak location.

First, the upper part of the neural network shown in
Figure 3 is executed and then the results are used to
perform the lower part.

Figure 4 shows the results of the leak size detection
section.
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HMIT Main Server
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Fig. 2 SCADA network with leak detection system.
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Fig. 3 Neural network model to detect the size and location
of leaks.
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Fig. 4 The result of the neural network leak size detection
section.

Then using the leakage size that was the output of
the previous network and the pressure of 9 points in
kilometers (2175, 15225, 25012.5, 3588.5, 45675,
55462.5, 65250, 7503.5, 85912.5), the second neural
network is designed to detect the location of the
leak. Figure 5 shows the results of the leak location
detection section.
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Fig. 5 The result of the neural network leak location detec-
tion section.

Conclusion

In this paper, the simulation - based method was fully
introduced and evaluated using the Olga software and
the leakage detection algorithm based on artificial
neural networks in MATLAB to detect size and

location of leakage.

This method is a simulation method that utilizes the fluid
behavior within the hydrodynamic pipeline in steady
state instead of the equations in the pipeline model.
due to technical problems and the cost of practical
installation and operation of flow measurement
equipment, only one flow point and 9 pressure points
were used. This design with a completely pragmatic
approach will be able to run at low cost and time. It
will also be fully compatible with the communication
protocols available on the current Scada platform of
the National Iranian Oil Company [5].
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