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Based on the analysis of the characteristics of oil pollution accidents and the transport process of pollutants, a three-

dimensional oil pollution model based on Lagrange integral method is established. The model calculates the 

diffusion and transport behavior of pollutants in oil-polluted environments, such as homogeneous density, stratified 

density and stratified velocity. The simulation results are in good agreement with the experimental data, which 

proves the accuracy and validity of the model. The simulation example of oil spill accident in Bohai submarine 

pipeline shows that the model can provide theoretical basis and technical support for risk assessment and emergency 

response of oil pollution accident. 
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1 INTRODUCTION 
At present, the risk of oil spill in the exploration and development of offshore oil in the Bohai Sea, East China Sea 
and South China Sea is increasing. It is urgent to establish an effective emergency management system for oil 
pollution and develop advanced monitoring and early warning technology. Because the transportation process of 
oil spill in high-pressure and low-temperature oil pollution environment is difficult to monitor in real time, and the 
traditional offshore oil spill model can not effectively simulate the diffusion and transport behavior of oil spill in 
oil pollution environment, it is necessary to establish oil pollution model according to the characteristics of oil 
pollution accidents and marine environment, and to provide scientific support for the formulation of oil spill 
emergency plan, daily simulation training and emergency command decision-making (Lv et al. 2017). 
Zhenxiao Shang, Xilai Zheng, Yanfei Ma published an article in the journal of Ekoloji (Issue 107, 2019) entitled 
“Characteristic Model of Soil Pollution in Petroleum Exploration Area Based on Multivariate Analysis”. With the 
development of the industrial economy, the demand for oil continues to increase and soil pollution in oil-mining 
areas is increasing (Shang et al. 2019). In order to obtain the distribution characteristics of soil pollutants in 
petroleum development zones, a soil pollution characteristic model of petroleum development zones based on 
multivariate analysis was established. Taking the soil around the oil exploitation area as the research object, the 
heavy metals and oil pollutants in the soil were detected by digestion and measurement spectroscopy. A multivariate 
linear regression model was constructed by taking the content of oil pollutants in the soil as the dependent variable 
and using various spectral characteristic parameters as independent variables. The regression model in this paper 
also has a good effect in the analysis of the diffusion trajectory of oil pollution. 
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Lv et al. (2017) has established a model to simulate oil well blowout accidents, but these models are limited to 
vertical floating oil spills; Fu (2017) establishes a three-dimensional oil pollution model that can simulate the 
transport of oil spills in deep sea complex environments. In recent years, domestic scholars have also carried out 
virtual simulation research. Wang Shoudong have established a submarine pipeline oil spill model to simulate the 
floating jet process based on Yapa research. The FLUENT software is used to simulate the floating process of oil 
spill droplets at the orifice of submarine pipelines under buoyancy. Compared with foreign studies, most of the 
existing researches in China do not consider the effects of density stratification and velocity stratification on the 
pollution diffusion behavior in the real environment. In addition, the verification and application of the model have 
not been reported. 
On the basis of domestic and foreign research, this paper establishes a pollution diffusion model in oil pollution 
accidents based on Lagrange integral method, and carries out simulation and validation research of the model. 
Finally, the application of the model in actual oil pollution accidents is discussed through simulation examples (Fu 
2017). 

2 IDEA DESCRIPTION 
2.1 Lagrange Integral Mathematical Model 

2.1.1 Modeling 
In this model, the Lagrange integral method is used to calculate the three-dimensional diffusion and transport 

behavior of spilled oil in the oil-polluted flow environment. The method regards the oil spill contaminants along the 
center line of the trajectory as a series of control units which do not affect each other. The movement of each control 
unit in the water environment is calculated and determined according to the control equations of mass conservation, 
momentum conservation and energy conservation (Cardenas et al. 2017). The oil spill trajectory can be obtained by 
synthesizing the movement of all control units. 

2.1.2 Computing Method 
The governing equation of oil spill motion in oil-polluted environment is discretized by explicit difference 

scheme. The characteristic variables (such as mass, velocity, concentration, temperature, displacement, etc.) at the 
next moment of the oil spill control unit are calculated numerically according to the characteristic variables at the 
current moment. In the calculation process, in order to distinguish the relationship between the jet velocity at the 
initial stage of oil pollution and the velocity of environmental water flow, as well as the density stratification 
characteristics of environmental water body and the diameter of oil source hole, R0 is the ratio of oil spill jet velocity 
Vj to transverse flow velocity Va, St0 is the stratification parameter of environmental water body (Vreman et al. 
2017). 

The drift and diffusion process after oil spill rises to the surface is mainly affected by surface water flow and 
wind. The weathering process of oil spill is affected by its own oil properties and various marine environmental 
factors (Doshi et al. 2018). The specific simulation method can be referred to in reference (Bellemare et al. 2018).
2.2 Simulated Experiments 

 Based on the experimental conditions recorded in relevant literature, the diffusion and transport behavior of 
pollutants in homogeneous density environment, stratified density environment and stratified flow velocity 
environment are simulated by using the model. The model is verified and analyzed by the experimental results. 

2.2.1 Simulated Verification in Density Uniform Environment 
Figure 1(a) shows the transport trajectories of pollutants in a stationary environment with uniform density under 

different initial density Froude numbers. The analysis shows that, except that the simulated trajectory data of 
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pollutant transport in horizontal direction is smaller than the experimental data when the density Froude number is 
smaller, the simulation results of this model are generally in agreement with the experimental data in reference (Sim 
et al. 2018). 

Figure 1(b) shows the trajectory of pollutant transport in a densely homogeneous flow environment. The 
analysis in the Figure shows that the simulation results of the model in this paper are basically in agreement with 
the experimental data (Schelhaas et al. 2017). The simulation results of Figure 1(b) show that the model can 
effectively simulate the diffusion process of pollutants (Bellemare et al. 2018; Sim et al. 2018; Schelhaas et al. 
2017). 

Figure 1 Simulation verification of pollutant transport trajectory 

2.2.2 Simulation Verification in Density Stratified Environment 
Figure 2 shows the transport trajectories of pollutants injected from different inclined angles into a dense

stratified stationary environment. From the analysis of the Figure, it can be seen that the simulation results of the 
model in this paper are in good agreement with the experimental data (Kuznetsov et al. 2017). 

Figure 2 The transport trajectory of pollutants from different oblique angles into a density stratified static 
environment 

3 RESULTS 
Application example 

In order to further explore the practical application ability of the model on the basis of experimental data 
validation, a simulation example of oil spill accident of oil pipeline in Bohai Sea is studied and analyzed in this 
paper. 
3.1 Simulated Parameters 

This paper assumes that a damaged oil spill accident occurs in a submarine pipeline somewhere in the Bohai 
Sea. The simulation parameters of the accident are set as follows. 

(1) Pipeline parameters: the inner diameter of the pipeline is 325 mm; the oil density is 949.3 kg/m3; and the 
flow rate is 30 m3/h. 

(2) Oil spill parameters: accident location is in 120.8 E, 40.0 N; accident water depth is 28 m; pipeline crack 
diameter is 0.05m, orifice is in the direction of west; oil spill jet velocity is 4 m/s; the accident time is 1 hour before 
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the high tide time, the continuous leakage time is 3 days, and the simulation forecast time is 3 days. 
(3) Environmental parameters: the sea water density in the accident area is 1025 kg/m3; the flow field is 

provided by the ocean dynamic model simulation, in which the curve of the velocity and flow direction at the 
accident site; the wind direction of the sea surface wind field in the accident area is set to Southeast wind, and the 
wind speed is 5 m/s. 
3.2 Result Analysis 

The oil pollution model and the offshore oil spill model are used to simulate the temporal and spatial 
distribution of oil spill pollutants in oil pollution and sea surface. 

Figure 3(a) shows the simulation results of the spatial distribution of oil pollutants on the sea surface when the 
leakage lasts for 5 minutes. As shown in Figure 3(b) (i.e. the vertical section from point A to point B in Figure 3(a)), 
oil pollutants are injected into the sea water under the action of internal pressure of the damaged submarine pipeline 
after the pipeline begins to leak, and the buoyant jet is then bent under the action of transverse flow of sea water, 
during which oil pollutants are continuously diffused under the action of entrainment of water flow. Because the 
water depth of the damaged pipeline is shallow (H=28 m), the model calculates that it takes about 45 seconds for 
the first oil droplet to float from the leak to the sea surface, and the position of the first oil droplet appears at the sea 
surface is 16 m from the horizontal direction on the left side of the accident site. Figure 3(c) shows the simulation 
results of the spatial distribution of oil pollutants on the sea surface when the leakage lasts for 65 minutes. Because 
the current has turned, the oil spill trajectory in the water body is different from that in the initial stage. The oil spill 
enters the water body in jet state at the source of the spill, but when it rises to 20m of oil pollution, it begins to 
transport in the opposite direction under the action of cross-flow. The simulation results are shown in Figure 3(d).

Figure 3 Spatio-temporal simulation results of oil spills for 5 minutes&65 minutes 

4 DISCUSSION 
Oil pollution accidents in submarine pipelines usually last for a long time and have a wide impact. To reduce the 
damage of oil pollution to marine environment and biological resources, effective emergency measures must be 
taken to control and eliminate oil spills. In the example of this paper, the time and location of oil spill from oil 
pollution to sea level are predicted by using the oil pollution model. The oil spill trajectory, pollution area and 
coastal impact on the sea surface are also predicted. These information can provide important decision-making 
reference for personnel mobilization and contamination cleaning equipment layout. It can be concluded that the 
simulation and prediction ability of this model can provide effective support for the practical application of oil 
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pollution risk assessment, simulation training, emergency decision-making and so on. 

5 CONCLUSION 
In view of the increasing pollution risk in oil pollution accidents in China, this paper proposes and establishes an 
oil pollution diffusion model. The simulation results of the model in different oil pollution environmental conditions 
are satisfactory, which fully shows the accuracy and validity of the model. The oil spill research example of Bohai 
Sea submarine oil pipeline further shows the practical application ability of the model that can simulate and forecast 
oil pollution accidents. To conclude full-text research, the oil pollution model established in this paper can provide 
scientific theoretical basis and important technical support for the risk assessment of oil pollution accidents, 
emergency plan formulation, emergency decision-making command and other practical applications. 
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