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ABSTRACT

Research subject: Multi-level leakage modeling in horizontal and inclined pipelines using real-time sensor data analysis

Research approach: The environmental severity of oil pipeline leakage depends on the leak volume, which is directly related to the time required for
leak detection and containment. The use of real-time sensors installed at multiple locations along the pipeline facilitates effective leak detection through
continuous data collection. Leak detection simulation for repair planning is a critical factor in pipeline design, implementation, and evaluation. This
study proposes a framework for generating pipeline datasets using PipeSim software and Python’s random function. A horizontal—inclined pipeline
configuration was initially analyzed, and pressure profiles under leak and non-leak conditions were evaluated. Subsequently, leak analysis was conducted
on an inclined pipeline with a slope angle of 20 degrees. Because leakage alters the pressure profile, pressure variations were used as inputs to a machine
learning algorithm, and the pressure distribution along the pipeline was simulated accordingly.

Main results: Before leakage, the local pressure drop at the leak point was 1270 psi in the horizontal—inclined pipeline and 792 psi in the inclined
pipeline. After leakage, the minimum pressure dropped to 800 psi in the horizontal—inclined pipeline and 500 psi in the inclined pipeline. These results
indicate a greater pressure drop reduction at the leak point in the horizontal-inclined pipeline (470 psi) compared to the inclined pipeline. This behavior
is attributed to the higher flow velocity induced by gravity in the inclined pipeline, which mitigates severe pressure drops at the leak location.
Consequently, leak severity decreases under conditions of high flow velocity and lower pressure reduction.
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Figure 3 Schematic geometry of the inclined pipeline system
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Table 1 Leak-free pressure sensor specifications for horizontal and
inclined pipes

Sensor parameters Amount

At a distance of 30 kilometers from

SENED7 e U the source of the current

Inlet pressure 1500psi
Outlet pressure 300 psi
Pressure fluctuation 10 psi

amount

Pressure range at
sensor location

Within 5 psi less and more than the
average value
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Figure 6 Pressure sensitivity analysis at the leak point in a
horizontal pipeline
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Figure 7 Pressure profile for different leak positions in horizontal
pipeline
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Figure 5 Pressure distribution in two cases: no leakage and leakage
in a horizontal pipeline
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Yy =—2X10726x8 - 4 x 10721x5 + 6 x 10710x% - 2 x 10711x3 +
4 x1077x%2-0.028x + 1516 (10)
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Figure 10 Pressure sensitivity analysis at the leak point (inclined
pipeline)
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Figure 8 Pressure over time at the sensor installation location (with
leakage) on an inclined pipeline
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Figure 9 Pressure distribution in two cases without leakage and
with leakage along the inclined pipeline
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Table 2 Pressure sensor specifications for horizontal and inclined
pipe before and after leakage

Pressure sensor Amount(psi)
Horizontal pipe before 1270
leakage
Inclined pipe before 792
leakage
Horizontal pipe after 800
leakage
Inclined pipe after leak 500
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