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Abstract
Based on the fuzzy comprehensive evaluation method, this paper constructs the safety risk evaluation model of submarine oil
pipeline, takes a submarine oil pipeline as an example to evaluate the safety risk, determines the risk level of oil spill and the
corresponding reasons, and puts forward the corresponding solutions, but the method is implemented on the basis of safety. The
leakage and oil leakage in the submarine oil pipeline pose a very serious threat to the marine environment, which is usually long
term. Timely and accurate detection of leakage and understanding of the law of controlling the spread of oil spill risk provide the
necessary theoretical guidance for formulating on-site emergency strategy after pipeline leakage and reducing the damage to the
environment caused by oil leakage. This paper studies two aspects: leakage detection in submarine oil pipeline and oil spill
diffusion in water. In terms of detection, we use fluid dynamics as a starting point to explore the real cause of leakage. The
specific operation is to establish the detection model on the basis of fluid mechanics and thermodynamics, seek effective
solutions, achieve the goal of effective detection and prediction of leakage location, and finally develop the detection software.
Based on the research status at home and abroad and the related concepts and theoretical basis of environmental accounting, this
paper first reveals the pollution phenomenon in the production and operation process of PetroChina, so as to reflect the necessity
of implementing environmental accounting. In this paper, through the study of risk assessment and accounting of submarine oil
pipeline oil spill, the fuzzy comprehensive evaluation is applied to solve the problem of oil spill.
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Introduction

Firstly, this paper analyzes the theory of oil spill risk manage-
ment; expounds the connotation, causes, risk management
features, procedures, and contents of oil spill risk of submarine
oil pipeline; introduces the methods and processes of risk
identification and risk evaluation; and illustrates the character-
istics of fuzzy comprehensive evaluation for risk evaluation
(Lee et al. 2020). Through the correlation analysis, the paper
constructs the fuzzy comprehensive evaluation safety

evaluation model, thus carries on the quantitative evaluation
to the submarine oil pipeline risk, puts forward the corre-
sponding countermeasures to the safety risk after the evalua-
tion, and provides some ideas for the safety risk management
and control of the submarine oil pipeline (Martinez-Mier
2018). At the same time, in order to simulate the migration
and diffusion process of oil spill risk on the water surface, the
dynamic process of oil expansion, convection, and turbulence
on the water surface and the influence of evaporation, emul-
sification, and dissolution on the oil spill are considered
(Mahvi et al. 2018). The particle random walk theory is used
to solve the control equation, and a two-dimensional migra-
tion and diffusion model of oil spill on the water surface is
established, and the corresponding numerical algorithm is giv-
en. In this paper, MATLAB software is used to solve the risk
diffusion of oil spill under different wind speed, water flow
speed, and other environmental conditions (Mohan et al.
2017). The influence of wind speed, water flow speed, and
other environmental parameters on the migration and diffu-
sion of oil film on water is analyzed (Thivya et al. 2017). The
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movement and diffusion track of oil spill under uneven flow
field and the change after leaking into water are simulated.
The diffusion process of oil spill can be divided into two
stages (Muhammad et al. 2018). The first step is the risk of
oil leaking into sea water in the form of jet soon after the
leakage. At this time, the spread of oil spill is largely con-
trolled by the early dynamic (Nagarajan et al. 2010). The
second step is to raise the oil to a certain height and reach
the water surface. At this time, the initial momentum de-
creases, and the main influencing factors are momentum and
current (Vikas et al. 2013). In order to solve this problem, we
established the corresponding model, introduced the multi-
phase flow VOF model, and the standardized K model- γ
turbulence model (Rashid et al. 2018). The finite volume
method is used to discretize the governing equations, while
the PISO algorithm is used to calculate the flow field. Then the
two-stage diffusion behavior of oil pollution is simulated and
analyzed based on FLUENT software. Finally, we will ex-
plain the current situation of enterprise accounting environ-
ment through the processing and disclosure of CNPC environ-
mental accounting business information (Purushotham et al.
2011). Based on this, the paper analyzes the problems of en-
vironmental accounting treatment from three aspects: the con-
firmation and measurement of environmental accounting, the
record of environmental events, and the environmental ac-
counting report (Samanta et al. 2013). According to the prob-
lems of PetroChina’s environmental accounting, taking the
environment as an event, we should carry out environmental
accounting, including confirmation, measurement, setting and
processing, environmental activity records, and the choice of
disclosure methods and contents, so as to provide a complete
template for PetroChina’s environmental accounting and re-
flect the operability of environmental accounting (Rafique
et al. 2015). Finally, the author puts forward safeguard mea-
sures to ensure the effective implementation of environmental
accounting.

Materials and methods

Data source

In this paper, commercial CFD software FLUENT 15.0 is
used for analysis. The advantage of using it is that it has the
characteristics of programming and visualization and can
make the results more clear. ICEM cfd15.0 is used for net-
work structure, while fluent 15.0 is used for later calculation
and result analysis (Sezgin et al. 2018).

The example shows that the furthest horizontal movement
distance of spilled oil can be observed when it moves to the
water surface, and the furthest horizontal movement distance
can be accurately detected by two-dimensional method. In this
paper, we also do 2D simulation (Shahid et al. 2019).

Geometric model design of submarine oil pipeline
spillage

As shown in Figure 1, a numerical model will be created with
the model parameters as described above. In this paper, the left
side is the inlet, the right side is the outlet, the lower limit is the
seabed, the upper limit is the air surface, and the middle line is
the air-water interface.

The analysis shows that the meshing has a great influence
on the image. If the mesh is too dense or the local density is
not placed correctly, the image will be distorted. The fourth
and fifth grids provide better image effects. Unstructured grat-
ing is adaptive (Singh et al. 2017). Therefore, unstructured
grid is selected for numerical simulation. Quadrilateral mesh
is used for gas region, and triangular mesh is used for liquid
region.

Establishment of risk assessment model for oil spill of
submarine oil pipeline based on fuzzy evaluation

When the various factors of the evaluated object are gathered
together, it can be called the assembled construction subsea oil
pipeline spill risk assessment factor set.

U ¼ u1u2;…; unf g ð1Þ

There are many factors affecting the evaluation object,
and the influence degree of each factor on the evaluation
object is different, so it is necessary to set the weight
value to represent it. Weights are usually obtained from
questionnaire surveys and expert reviews. According to
the relevant materials of the project construction, through
certain methods and tests, the weight of each index to the
upper layer will be obtained.

The weighted Wi should meet the two conditions of nor-
malization and non-negativity:

∑
n

i¼1
Wi ¼ 1i≥0□□□ ð2Þ

The evaluation set composed of the total evaluation results
is as follows:

V ¼ V1; V2 …; Vnf g□□ ð3Þ

The evaluation of the i-th factor ui is represented by fuzzy
set.

Ri ¼ ri1; ri2;…; rinf g ð4Þ

The membership degree of each identified risk factor eval-
uation set constitutes a single factor evaluation matrix:
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R ¼
r11 r12 … r 1n
r 21 r 22 …
…
rm 1 rm 2… rmn

2
664

3
775□□ ð5Þ

The fuzzy comprehensive evaluation set can be obtained
bymatrix operation between the risk evaluationmatrix and the
weight of risk influencing factors:

B ¼ W � R ¼ b1; b2;…;bn
� �

□□ ð6Þ

Results

Influence of temperature on the diffusion of oil
spilled from submarine oil pipeline

In this paper, we use FVM (finite volume method) to
discretize the equation. The specific simulation process is
based on the operation of fluent 15.0. The calculation of pres-
sure and velocity mainly uses Issa’s PISO algorithm. In the
process of convection processing, we use the second-order
inverse scheme, because it can further reduce the CPU calcu-
lation time; at the same time, another requirement is that the
rest of the term is less than 108, assuming that the pressure is
0.19, the density is 0.49, the body strength is 0.49, and the
pulse is 0.29, and the others are set as the default, as shown in
Figure 2.

Basic data: the depth is 14.49m, the air height is 1.49M, the
diameter of the damaged oil pipe is 0.59m, and the distance
between the pipeline center and the water inlet is as follows:
the calculation area is 4.9M. There is leakage in the oil pipe,
and the leakage diameter (d) is 0.049m. The total length of the
calculation area is 39.9 m, and the width is 15.9 m.

Meshing: in this section, this mesh (unstructured mesh) is
still used because the physical model has not changed.
Triangular unstructured meshes are used in the liquid region,
while square meshes are used in the gas region. As shown in
Figure 3, the number of grids is 7719.

Table 1 shows the longest horizontal movement distance
and time when the spilled oil rises to the water surface in the
three cases shown in Figure 3. This indicates that the lower the
temperature, the longer it takes to reach the surface, the lon-
gest horizontal travel distance to reach the water surface.

It can be concluded fromTable 2 that under the influence of
temperature, the vertical displacement of the leaked oil is the
same in the first 10 s. The main reason is that the temperature
of the leaking oil did not drop to the water temperature. When
the temperature of spilled oil drops to the lowest level, the
rising speed will increase with the increase of water
temperature.

In the vertical direction, the spillage is mainly affected by
gravity and buoyancy. If there are two spills of the same size,
the upward lift is the same, but the downward gravity is dif-
ferent. According to the gravity equation G= ρ, the gravity is
directly affected by the density. The density of the leaking oil
decreases as the temperature increases. The higher the temper-
ature of oil, the lower its gravity. At the same time, viscosity is
also affected by temperature. The sea hindered the movement
of the oil spill. The sealing force of the leaking oil is inversely
proportional to the viscosity of the leaking oil. The higher the
temperature of oil leakage, the lower the resistance. Therefore,
the greater the vertical force on the leaking oil, the higher the
temperature.

The movement of oil spill in horizontal direction is mainly
affected by water flow. The higher the seawater temperature
is, the shorter the time it takes for the spilled oil to reach the
surface. The vertical displacement is the same until the tem-
perature of the leaking oil drops to 299.15K. As a result, oil
spills spend less time in areas with high water flow. In this

Fig. 1 Numerical model of
submarine pipeline leakage
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process, the main factor affecting the horizontal displacement
of the oil spill is the time it takes for the oil spill to reach the
water surface.

The influence of the location of submarine oil pipeline
on the spread of oil leakage from submarine oil
pipeline

First, create a physical model of leakage and diffusion. In this
section, three different physical models are created, as shown

in Figure 4, which are mainly used to study the influence of oil
pipeline location on oil spill movement.

The left side of Figure 4 is the location of oil leakage without
considering temperature, and the right side is the location of oil
leakage without considering temperature. The first five line com-
parison table shows the location of the leaking oil in 5 s, 10 s, 15 s,
20 s, and 25 s. The contrast image on the sixth line shows the
longest horizontal trajectory of the leaking oil as it rises to sea level.

Figure 5 is the trajectory of oil spill moving to water surface
at different temperatures: the left figure shows 294.15 K, and

Fig. 2 The process of oil spill
from submarine pipeline moving
to the surface under standard
condition

Fig. 3. Oil spill diffusion grid
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the middle figure shows 296.15 K. The figure on the right
shows 298.15K. The comparative images of the first five lines
are the tracks of the leaked oil at 5s, 10s, 15s, 20s, and 25s.
The contrast image on the sixth line shows the longest hori-
zontal trajectory of the leaking oil as it rises to sea level.

Mesh generation: due to the change of physical model,
three kinds of meshes are constructed in this section, all of
which are unstructuredmeshes, in which the triangle is used in
the liquid area and the quadrilateral is used in the gas area, as
shown in Figure 6.

The analysis shows that the only independent variable in
numerical simulation 1#, 8#, and 9# is the initial position of oil
pipeline. The location of the initial leak in the tubing deter-
mines the distance between the initial leak point and the water
surface. The closer the distance is, the shorter the time it takes
for the leaked oil to reach the ground, and the shorter the time
it takes for the leaked oil to pass through the farthest horizontal
distance. As mentioned above, the time of oil discharge on the
water is proportional to the distance (see Table 3).

Figure 7 shows the trajectory of the oil spill on the water
surface when the pipeline is in different positions. The left figure
shows that the distance is 0.1 m. The right figure shows that the
pipeline is completely covered by sea and sand, and half of it is
covered in the middle. Comparing the first five lines of the photo
shows the location of the leaking oil in 5 s, 10 s, 15 s, 20 s, and 25
s. The sixth line of the comparison shows that the oil has risen to
sea level, the longest horizontal movement.

From the above analysis, it can be seen that the farther the
distance between the position of the oil pipe and the water
surface, the longer the distance and time for the leaked oil to
move along the horizontal direction.

Influence of leak location on the spread of oil spilled
from submarine oil pipeline

As shown in Figure 8, first set up 11models, and thenmeasure
the trajectory of oil expansion by establishing a grid.

The water depth is 14.49 m, the air height is 1.49 m, the
diameter of the damaged oil pipe is 0.59 m, and the distance
between the pipeline center and the water inlet is 4.9 M. The
leakage diameter is 0.049m. It is 39 m long and 15.9 m wide.
This parameter is the horizontal travel distance of the oil dis-
persed on the water surface.

Mesh generation: due to the change of physical model, 11
different meshes are created in this section, all of which are
unstructured meshes. The liquid area uses triangles, while the
gas area uses quadrangles, as shown in Figure 9.

Boundary conditions: in Figure 10, the pressure inlet can
also be the inlet, and the boundary between the inlet and the
leakage outlet is defined as the velocity inlet or upper limit, set
as symmetrical boundary, and set the lower boundary and
tubing wall as wall. The air outlet and liquid outlet on the right
side are set as the discharge boundary.

Table 4 shows the maximum horizontal travel distance and
the time for the leaked oil to rise to the ground in the three
cases shown in the figure. The angle between the leakage hole
and the negative direction of x-axis is 30° The maximum
distance of the leaking oil level is 0.953 times of the leakage
hole. The time of filling pipeline is 1.138 times that of leakage.
At 150°, the longest distance that the leaking oil can reach
horizontally is 1.118 times of the distance that the leaking
oil can reach at the top of the tubing. The time is 1.08 times
of the leakage at the top of the oil pipeline. This proves that
angle is a factor.

Table 5 is informed. If the angle between the leakage di-
rection and the negative direction of the x-axis is sharp, the
larger the angle, the shorter the time to reach the water surface
and the longer the horizontal distance. The longer it reaches
the water.

In the initial stage, it is mainly pure jet. After rising to a
certain height, the viscous force makes the nozzle drop to
either side of the top. The angle between the leakage and the
negative direction of the wave is an acute angle and is affected
by the flow, so the trajectory is initially “C” shaped.

Figure 11 shows the initial leak angle of 30°, 90°, and 150°,
the trajectory of the oil spill moving to the water surface. On
the left is the starting angle of 30°, time. The starting angle of
the center is 90°. On the right is an angle of 150°. The first five
line comparison table shows the location of the leaking oil in 5
s, 10 s, 15 s, 20 s, and 25 s. The contrast image on the sixth line
shows the longest horizontal trajectory of the leaking oil as it
rises to sea level.

Figure 12 shows the initial leak angle of 30°, 60°, and 90°,
the trajectory of the leaking oil moving to the water surface.
The starting angle on the left is 30°. The starting angle in the
middle is 60°. On the right is an angle of 90°, time. The first
five line comparison table shows the location of the leaking oil

Table 1 The maximum distance (m) and time (s) of horizontal move-
ment of oil spill when it rises to the water surface at different temperatures

Number Temperature Distance Time

2 294.15K 11.85 37.0

4 296.15K 10.12 34.9

6 298.15K 9.75 33.0

Table 2 Distance of oil
leakage rising at fixed
time at different
temperatures (m)

Time (s) Temperature of sea water (K)

294.15 296.15 298.15

5 3.20 3.20 3.20

10 6.20 6.20 6.24
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in 5 s, 10 s, 15 s, 20 s, and 25 s. The contrast image on the sixth
line shows the longest horizontal trajectory of the leaking oil
as it rises to sea level.

Figure 13 shows how oil from leakage no. 6, no. 8, and no.
10 moves towards the water surface when the angle between
the direction of leakage and the direction of water flow is
sharp (i.e., the angle between the direction of leakage and
the negative direction).

Table 6 shows the longest horizontal travel distance and the
time for the leaking oil to rise to the surface when the angle
between the leaking point and the negative x-axis is blunt. If
the angle between the leakage point and the negative direction
of the axis is an obtuse angle, we can see that the larger the
angle, the longer the time to reach the water surface and the
longer the horizontal travel distance to the water surface.

This chapter mainly analyzes the longest horizontal travel
distance and time of oil leakage after the seawater temperature
reaches the sea level and the location and leakage direction of the
submarine oil pipeline after it leaves the sea. The following con-
clusions can be drawn. (1) The temperature, location, and loca-
tion of oil pipeline leakage will affect the oil spill trajectory from
the ground to the ground.Moreover, the influence is so great that

the model cannot ignore the influence of temperature. (2) The
spilled oil is directly proportional to the hydrology and inversely
proportional to the horizontal displacement.(3) The closer the oil
pipe is to the water surface, the shorter the time for the leaked oil
to reach the water surface, and the smaller the horizontal dis-
placement when it rises to the water surface. (4) When the angle
between the leakage direction and the water flow direction is an
acute angle, the larger the angle is, the smaller it is in inverse
proportion to the distance. (5) In the case of obtuse angle, it is
proportional to the distance, and the longer the time is. And it
moves less horizontally.

Influence of oil spillage on surface oil film of
submarine oil pipeline

It can be seen from Figure 14 that the analytical solution of the
oil film expansion model agrees well with the numerical so-
lution. It can also be seen from Fig. 14 that the area of oil film
increases with the increase of time, but the expansion rate of
oil film area decreases gradually.

The oil spill region is usually complex when the oil film is
moving and diffusing on the sea surface. In order to analyze the

Fig. 4 Physical model of leakage
and diffusion
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oil spill diffusion in different flow fields, the oil spill diffusion
trajectory under different flow fields is simulated. As shown in
Figure 15 a and b, for two different flow charts used in the
simulation area, the direction of velocity of water flow in differ-
ent positions in Fig. 15a is different, and the velocity and direc-
tion of flow in Fig. 15b are changing in different positions.

As shown in Figure 16, it is the different oil spill trajectory
under the flow field. It can be seen from the figure that under
the non-uniform flow field, the trajectory of oil spill will
change with the change of flow field direction. In this flow
field, the flow direction is more inclined to the right at the
bottom and gradually turns to the upper at the top.
Therefore, the trajectory of oil spill is also curvilinear with
the flow. The following figure shows the motion trajectory

of oil particles at different initial positions. It can be seen that
the bending degree of oil particles at different positions is
different, because the initial flow field is different. When the
oil particles at different initial positions reach the same longi-
tudinal displacement, it takes longer time for the oil particles
on the left side of the flow field than on the right side, because
the velocity component on the right side of the flow field on
the left side is larger and the upward component is smaller. As
shown in several simulation examples in Fig. 16, to achieve
the same longitudinal displacement, the oil particles in Fig.
16a need the longest movement time.

As shown in Figure 17, the velocity and direction of each
point in the flow field are different under different oil spill trajec-
tory lines, and the velocity below the flow field is significantly

Fig. 5 Trajectory of the oil spill moving to the water surface at different temperatures
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less than that above the flow field. Therefore, in the simulation
process, in the same time period, the displacement of oil particles
is smaller below and larger above. At the same time, different
initial positions of oil particles lead to different trajectory lines, as
shown in Fig. 17 a and d. The direction of oil particles in the

transverse direction is opposite, because the flow field direction is
different. But at the same time, due to the convergence of the
flow in the upper right corner of the flow field, the oil particles
with different initial positions gradually approach this direction,
but the time consumed is different, and the oil particles on the left

Fig. 6 Oil spill diffusion grid. a
The distance between the pipeline
and seabed is 0.1 m. b Pipeline
half buried in the seabed. c All
pipelines buried in the seabed

Table 3 The longest distance (m)
and its time (s) of the horizontal
movement of the leaking oil when
it rises to the water surface when
the oil pipeline is located at dif-
ferent positions

Number The location of the oil pipeline Distance Time

1 The oil pipeline is 0.1 meters from the bottom of the sea 12.87 35.0

2 Half of the oil pipeline is buried in the sand 13.00 37.7

3 The oil pipeline is all buried in the sea sand 13.78 41.0
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side of the flow field need longer time to reach the same longi-
tudinal displacement.

In order to simulate the migration and diffusion process of
spilled oil on the water surface, this paper considers the dynamic
process of oil expansion, convection, and turbulence on the water
surface and the influence of evaporation, emulsification, and dis-
solution on the spilled oil. The particle randomwalk theory is used
to solve the governing equations, and a two-dimensionalmigration
and diffusion model of spilled oil on the water surface is
established, and the corresponding numerical algorithm is given.
In this paper, MATLAB software is used to solve the oil spill
diffusion in different wind speed, water speed, and other different
environmental conditions. The influence of wind speed, water
speed, and other environmental parameters on the oil film

migration and diffusion is analyzed, and the migration and diffu-
sion trajectory of oil spill in non-uniform flow field is simulated.

Discussion

Problems of China’s petroleum environmental
accounting

Lack of independent environmental confirmation
and measurement

Through the analysis of the current situation of PetroChina’s
environmental accounting, it is found that enterprises do not

Fig. 7 Trajectory of oil leakage to water surface when the pipeline is located at different positions
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have separate recognition basis and measurement method for
environmental matters, but record them together in the tradi-
tional financial accounting (Ayoob and Gupta 2006). The in-
vestment of environmental protection equipment and how to
calculate its depreciation, sewage charges, and other important
environmental accounting activities are not separately
accounted and clearly explained (Azizullah et al. 2011), as
shown in Table 7.

Because environmental accounting is still in the stage
of theoretical research, there is no reference of environ-
mental accounting standards, and there is no separate en-
vironmental accounting system in PetroChina; the current
environmental assets, liabilities, revenues, and expendi-
tures of enterprises are not separately recognized and
measured, but are accounted together with ordinary ac-
counting elements (Baghani et al. 2017).

Single disclosure information of environmental accounting
report

From the financial statements of CNPC, it can be seen
that the enterprise does not record the environmental re-
lated accounting subjects separately, but relies on the nar-
rative disclosure in the form of words in the reports of the
enterprise, which leads to the shortage of integrity, trust,
and intui t ion (Borysewicz-Lewicka and Opydo-
Szymaczek 2016). According to various information dis-
closure reports of CNPC in 2020, enterprises mainly rely
on qualitative information, i.e., non-financial information,
when disclosing environmental accounting information.
That is, CNPC is limited to simple text introduction for
most environmental business and lack of accounting and
disclosure of data (Chen et al. 2017). CNPC must disclose

Fig. 8 Physical model of leakage
and diffusion of submarine oil
pipeline: eleven different
positions of leakage port, (a) to
(k) are the angle between the di-
rection of leakage port and the
negative direction of x-axis (op-
posite direction of water flow)

Fig. 9 Oil spill diffusion grid:
panorama
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all quantitative and important environmental information,
such as waste discharge and recovery, environmentally
friendly procurement status, energy consumption and en-
ergy conservation in the production process, measures for
wastewater generation and control, and management of
toxic chemicals (Choubisa 2018). Information must be
provided. For CNPC, there are three main channels for
information disclosure, as shown in Table 8.

Accounting account of PetroChina environmental
accounting elements

The elements of environmental accounting studied in this
paper include environmental assets, liabilities, income,
and expenses (Currell et al. 2011). These accounts are

divided into environmental asset account, environmental
account, and environmental profit and loss account ac-
cording to the economic situation reflected by them.
There is no difference in the classification of assets and
liabilities (Daiwile et al. 2018). The environmental in-
come and environmental expenses in accounting elements
are consolidated and classified into profit and loss ac-
count. PetroChina has made separate accounting for oil
and gas assets in the financial statements. Therefore, the
accounts for oil and gas assets are no longer set up sepa-
rately in the following table. Instead, the subject of “oil
and gas resources” is used in the final environmental
statements (Ding et al. 2011). In addition to oil and gas
assets, the environmental assets account should also re-
cord fixed assets such as environmental protection

Fig. 10 Spilled oil diffusion grid:
partial plots of eleven grids. a The
included angle between the
leakage port and the negative
direction of the x-axis is 15°. b
The included angle between the
leakage port and the negative di-
rection of the x-axis is 30°. c The
included angle between the leak-
age port and the negative direc-
tion of the x-axis is 45°. d The
included angle between the leak-
age port and the negative direc-
tion of the x-axis 60°

Table 4 The initial angle of oil leakage (and the negative direction of x-
axis) is 30°, 90°, and 150°, the maximum distance (m) and time (s) of the
horizontal movement of the oil spill when it rises to the water surface

Initial angle of oil leakage Distance Time

30° 11.93 38.30

90° 12.87 35.00

150° 14.04 37.80

Table 5 The initial angle of oil leakage (and the negative direction of x-
axis) is 30°, 60°, and 90°, the maximum distance (m) and time (s) of the
horizontal movement of the oil spill when it rises to the water surface

Initial angle of oil leakage Distance Time

30° 11.93 38.30

60° 12.45 37.00

90° 12.87 35.00
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facilities and intangible assets (Dutta et al. 2017). The
environmental liabilities in PetroChina’s original account-
ing are separately recorded in the environmental liabilities
account, and the resource tax and special oil income pay-
able are also separately recorded in the environmental
taxes payable. For the environmental costs, the accounts
are mainly set from the prevention and protection in the
early stage and the governance compensation in the later
stage (Fallahzadeh et al. 2018). The following are the new
environmental accounting accounts that PetroChina can
refer to, as shown in Table 9.

Guarantee measures for accounting of petroleum
environment in China

Improve the relevant laws and regulations of environmental
accounting

Perfecting environmental accounting laws and regulations
is the first important task to ensure the effective imple-
mentation of the environmental accounting system
(Ganyaglo et al. 2019). China has officially passed the
environmental protection tax law of the People’s

Fig. 11 The initial angle of oil leakage is 30°, 90°, and 150°, the trajectory of the leaking oil moving to the surface of the water
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Republic of China, which makes it clear that enterprises
should pay environmental protection tax for their pollut-
ant emission according to the regulations, but the current
accounting regulations still have obvious short board in
environmental accounting. As a high-risk enterprise with
environment and safety, PetroChina has experienced some
environmental accidents, which pollutes and destroys the
environment ecology. For the sake of economic benefits
and social benefits, it is necessary to guarantee the legal
protection of environmental accounting (Guissouma et al.
2017). Therefore, we must accelerate the improvement of
relevant laws and regulations, supplement the contents
related to environmental accounting into the accounting
law, and play the normative role of environmental

regulations in the environmental accounting system. The
regulations shall list and explain the enterprises that
should set up environmental accounting, urge enterprises
to implement environmental accounting and disclosure
according to the rules, clarify the responsibility of envi-
ronmental accounting, and define the rules and regula-
tions of rewards and punishments to enhance the
company’s environmental credit (Huang et al. 2017). To
understand the economic behavior of the company due to
legal restrictions makes the company realize that environ-
mental quality is closely related to the economic develop-
ment of the company and enables the company to con-
sciously integrate economic and environmental benefits
(Khaliq et al. 2003).

Fig. 12 The initial angle of oil leakage is 30°, 60°, and 90°, the trajectory of the leaking oil moving to the surface of the water
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Conclusion

Based on the theory of safety risk management, the paper uses
expert investigation and checklist method to identify the oil
spill risk of submarine oil pipeline and studies the key factors

Fig. 13 The initial angle of oil leakage is 90°, 120°, and 150°, the trajectory of the leaking oil moving to the surface of the water

Table 6 The initial angle of oil leakage (and the negative direction of x-
axis) is 90°, 120°, and 150°, the maximum distance (m) and time (s) of the
horizontal movement of the oil spill when it rises to the water surface

Initial angle of oil leakage Distance Time

90° 12.87 35.00

120° 13.73 37.00

150° 14.04 37.80 Fig. 14 Comparison of analytical solution and numerical solution of oil
film propagation model

1911    Page 14 of 18 Arab J Geosci (2021) 14: 1911

RETRACTED A
RTIC

LE



that affect the risk of oil spillover of submarine oil pipeline by
fuzzy evaluation. Create an indicator system using R= P × C
model, calculate the index weight, and evaluate the risk of oil
leakage of submarine oil pipeline by using multi-level fuzzy

comprehensive evaluation method and safety standard. The
influence of the position and angle of the oil pipeline on the
initial condition of the oil leakage is analyzed by simulation.
The simulation results show that the position of the oil

Fig. 15 Flow field of oil spill area
a) the direction of flow velocity is
different at different positions
b) the velocity and direction of
water flow are different at
different positions

Fig. 16 Oil spill trajectory in non-
uniform flow field (a, b, c and d
represent different initial flow
fields)
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Fig. 17 Oil spill trajectory in non-
uniform flow field (a, b, c and d
represent different initial flow
fields and initial positions)

Table 7 Some accounting
information of PetroChina Subject Beginning balance (million

yuan)
Increase this year (million
yuan)

Ending balance (million
yuan)

Long-term
payables

4125 5234 9359

R&D expenses 13239 2730 15969

Management
costs

102788 (5199) 97589

Table 8 PetroChina’s
environmental accounting
disclosure form in 2020

Social responsibility report Content Disclosure form
Sustainable energy supply Qualitative and quantitative
Sustainable use of resources Qualitative and quantitative
Environmental protection investment Quantitative

Note prospectus Environmental incident management Qualitative

Safety production risk Qualitative

Energy saving and consumption reduction Qualitative

Annual report Modern energy system Qualitative

Safe operation Qualitative

conservation of ecosystem Qualitative

Waste and pollutant discharge Qualitative

Environmental protection project investment Quantitative
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pipeline and the initial angle of the oil leakage will affect the
initial state of the oil leakage. Similarly, because of its great
influence, the model cannot ignore the influence of the posi-
tion of the oil pipe and the initial angle of the oil leakage on the
initial state of the oil leakage. In this paper, we first use ICEM
to create a geometric model of oil spill and then combine finite
volume simulation with VOFmethod to describe the diffusion
process of oil spillover under the action of flowwith shear rate
distribution. In addition, we analyzed the influence of crude
oil density, oil leakage rate, and water flow rate on the oil spill
diffusion path and calculated the time required for crude oil to
reach sea level and the distance and time required to reach sea
level.
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