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ABSTRACT

Research subject: Oil and gas transmission pipelines are considered critical energy transportation arteries and are exposed to various threats. Natural
phenomena, such as earthquakes and floods, as well as human-related factors, including unsafe excavation activities and operational failures, are among
the main causes of leakage and performance disruptions in transmission lines. The 16-inch Mansouri oil field pipeline, with a length of 33 km, transports
75,000 barrels of crude oil per day from the field’s gathering center to the Ahvaz booster pump station. In this study, the pressure drop along the pipeline
and the volume of fluid released into the environment due to leaks of different sizes were calculated using transient flow simulation.

Research approach: Transient multiphase flow simulations were performed using the OLGA simulator. Operational and field data were used to
construct the initial model. The initial hydraulics of the pipeline model were calibrated by adjusting parameters such as internal pipe roughness, fluid
viscosity, and gas—oil ratio (GOR) to minimize deviation from actual operating conditions. The calibrated model was then used to predict pressure drops
and leakage flow rates. The modeling results can support the design of leak detection and warning systems, particularly real-time transient model-based
systems.

Main results: The results indicate that, for leak diameters of 1 cm, 10 cm, and a full-bore rupture, the pressure drop rate at the pipeline inlet is
approximately 0.0001 bar/s, 0.06-0.28 bar/s, and 0.25-5 bar/s, respectively. These pressure drop rates are critical for determining the automatic shutdown
time in real-time transient model (RTTM) systems.
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Figure 1 Plan profile of the 16-inch Mansouri—-Ahvaz Booster
crude oil transmission pipeline
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Figure 3 Equation-solving process in the OLGA simulator
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Table 1 Composition of the fluid inlet to the 16-inch pipeline

Component Mole Percent
H20 15.038
H2S 0.011

N2 0.000
COz 0.009
Ci 0.025
C2 0.832
Cs 3.654
i- C4 0.931
n- Cs 3.311
i- Cs 1.603
n- Cs 1.860
Cs 3.857
Cr 68.869
Total 100

Phase Envelope
11crude EOS = SRK Peneloux
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Figure 2 Phase envelope of the fluid composition from the
Mansouri oil field
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Table 3 Comparison of operational pipeline inlet pressure data and
simulation results
Average Oil Inlet Line Inlet line Pressure
Flow Rate Pressure based based on Average Error
(Barrels per on Simulation Operational Data (%)
day) (bar) (bar)

75,140 20.9 21.6 3.1
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Figure 5 Scatter plot of operational data
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Table 2 Operational inlet pressure data for different flow rates

Flow Flow Flow

Pressure Rate Pressure Rate Pressure Rate
(bar) (Barrels (bar) (Barrels (bar) (Barrels
per day) per day) per day)
18 70,105 21 73,58 23 77,059
18 70,38 22 73,759 23 77,321

19 70,665 22 74,016 23 77,653

19 70,954 22 74,325 23 77,988

20 71,099 21 74,678 23 77,985

20 71,359 21 74,905 23 78,015

22 71,65 22 75,013 23 78,325

21 71,945 22 75,321 22 78,544

21 72,115 22 75,642 22 78,785

20 72,44 23 75,897 24 78,951

22 72,772 23 76,125 23 79,011

20 72,897 22 76,442 23 79,348

21 73,202 22 76,656 23 79,586

20 73,245 22 76,894 22 79,874
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Figure 4 Pressure profile in the 16-inch pipeline at steady-state
conditions for an oil production rate of 75000 barrels per day
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Figure 6 Velocity distribution profile along the pipeline
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pipeline under steady-state conditions
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Figure 13 Leaked oil flow rate (red curve, bbl/day) and cumulative
leaked oil mass (black curve, kg) in the scenario of a small leak
occurring at kilometer —25
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Figure 14 Trend of inlet pressure in the case of a 10-cm leak
occurring at position kilometer —1
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Figure 10 Pressure-drop trend at the pipeline inlet in the case of a
10-mm leak occurring at position kilometer —1
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Figure 11 Pressure-drop trend at the pipeline inlet in the case of a
10-mm leak occurring at position kilometer —25
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Figure 12 Leaked oil flow rate (red curve, bbl/day) and cumulative

leaked oil mass (black curve, kg) in the scenario of a small leak
occurring at kilometer —1
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Figure 18 Trend of inlet pressure in the case of pipeline rupture at
position kilometer —1
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Figure 19 Trend of inlet pressure in the case of pipeline rupture at
position kilometer —25
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Figure 15 Trend of inlet pressure in the case of a 10-cm leak
occurring at position kilometer —25
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Figure 16 Leaked oil flow rate (red curve, bbl/day) and cumulative
leaked oil mass (blue curve, kg) in the scenario of a medium leak
occurring at kilometer —1
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Figure 17 Leaked oil flow rate (red curve, bbl/day) and cumulative

leaked oil mass (blue curve, kg) in the scenario of a medium leak
occurring at kilometer —25
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Figure 23 Leaked oil flow rate (red curve, bbl/day) and cumulative

leaked oil mass (black curve, kg) in the scenario of a large leak
occurring at kilometer —25 in case of LBV closure
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Figure 20 Leaked oil flow rate (red curve, bbl/day) and cumulative leaked
oil mass (blue curve, kg) in the scenario of a large leak occurring at
kilometer —1
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Figure 21 Leaked oil flow rate (red curve, bbl/day) and cumulative leaked
oil mass (blue curve, kg) in the scenario of a large leak occurring at
kilometer —25
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Figure 22 Leaked oil flow rate (red curve, bbl/day) and cumulative leaked

oil mass (black curve, kg) in the scenario of a large leak occurring at
kilometer —1 in case of LBV closure
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