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Abstract: With the rapid development of economy and society, the large-scale reclamation 

projects not only provide valuable land resources for human beings, but also easily have a 

great impact on the local WE conditions, which may lead to the continuous destruction of 

coastal wetlands and natural coastlines, the decline of self purification capacity of seawater, 

the weakening or even blocking of material and energy exchange with the open sea, and 

ultimately the destruction of the local ecological environment, This has seriously restricted 

the sustainable development of the local economy and society. The marine engineering 

water environment(MEWE) has become the current research hotspot. Therefore, this paper 

studies and analyzes the application of numerical simulation(NS) in the MEWE. The 

establishment of ocean water quality model, water quality characteristics and 

hydrodynamic characteristics of ocean engineering are analyzed. Taking Laizhou Bay as 

the research object, numerical simulation analysis(NSA) is applied to the WE of ocean 

engineering, and experimental test analysis is carried out. The experimental results show 

that the application of NSA to the MEWE has important guiding significance for 

improving the MEWE monitoring. 

1. Introduction 

With the rapid development of modern industry and agriculture, industrial wastewater, pesticides, 

chemical fertilizers and industrial and agricultural wastes have become the important reasons that 

damage the drinking WE. The impact of human lifestyles on the marine environment is becoming 

more and more serious, which directly leads to the destruction of the marine environment and the 

living environment, and seriously interferes with the normal survival of marine animals, and also 

restricts the rapid development of China's aquaculture industry. However, in recent years, the 

phenomenon of marine environment has gradually received the attention of the whole world. 

Countries around the world have issued active policies to protect the marine environment. The 

analysis of MEWE has become an urgent and arduous task. This paper applies NSA to the MEWE 
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and conducts Research on it. 

In the field of numerical model research, foreign countries started earlier and have rich work 

results. Among them, the offshore waters are the most concerned by the majority of scholars. It 

generally refers to the areas most closely related to human production and life, such as the 

continental shelf, estuaries and coastal bays. Many scholars have studied and analyzed the 

application of NSA in MEWE. On the basis of analyzing the existing data and combining the 

characteristics of regional karst groundwater recharge, runoff and discharge, Zhang established a 

NS model of sanguquan basin by using visual software. The karst groundwater resources and 

groundWE in the basin under different mining schemes are evaluated, and the changes of karst 

groundWE in the next 10 years are predicted [1]. Simionov I a has ideal fitting effect for the 

sanguquan basin with complex lithology and structure. The flow field and salinity field in the Gulf 

of the United States are successfully simulated by using the three-dimensional tidal current control 

equation expressed in tensor form. At this stage, the research on numerical models of Estuary and 

coast in China has also developed rapidly, and many research results have been obtained. A 

three-dimensional tidal current mathematical model has been constructed to successfully simulate 

the tidal current field of the Yangtze Estuary [2]. 

With the development of the mathematical model of environmental fluid mechanics and the 

improvement of computer computing ability, a large amount of data can be generated in the process 

of NS. The NSA in this paper is based on the characteristics of the MEWE. During the pretreatment, 

the water body or pollutants are appropriately traced, and then the calculation results are statistically 

analyzed to reduce the amount of data and extract useful information [3-4]. 

2. Analysis of MEWE 

2.1. Establishment of Marine Water Quality Model 

The water quality model is a quantitative description of the time and space of pollutants through 

computer NS. In a certain water system, it is generally difficult to obtain the data about water layer 

change prediction through field tests. Due to the problems of cost and environmental impact in the 

physical model, the water quality NS has become the most commonly used method to simulate the 

real natural WE system [5-6]. 

The current water quality model has done detailed work in many aspects. Combined with the 

knowledge of Microbiology, physical chemistry and other disciplines, it can calculate the migration 

and diffusion laws of E. coli and other substances from the external light intensity, ultraviolet 

intensity, temperature and wind speed, and air environment [7-8]. For the migration, diffusion and 

attenuation in large rivers, the pollutants discharged from the bank need to go through a long 

distance to achieve uniform distribution on the cross section. The WE simulation in the mixing area 

can be described by a two-dimensional model. For any pollutant, it can be solved by coupling a 

pollutant transport equation [9-10]. 

2.2. Analysis of Water Quality Characteristics of Offshore Engineering 

The natural neighborhood interpolation method can find the input sample subset closest to the 

query point, and apply weight to these samples based on the area size. The interpolation method 

only uses the sample subset around the query point, ensuring that the interpolation height is within 

the range of the used samples and is smooth at all positions except the input sample position. This 

interpolation method can reflect the actual value range of pollutants and the spatial distribution of 

pollutants in each sampling interval [11-12]. 

Inorganic nitrogen the inorganic nitrogen in seawater is the sum of nitrate, nitrite and ammonia 
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concentrations. The inorganic nitrogen content of all stations in the surveyed sea area exceeds the 

class II sea water quality standard specified in the marine functional zoning of the area, and its 

spatial distribution shows a trend of decreasing from the near shore to the open sea. The pollution 

degree in the northern sea area is obviously stronger than that in the Southern sea area. The most 

serious pollution areas are the western channel outside the Wanggang estuary and the sea area 

outside the Xiaoyang estuary. 

Active phosphates the active phosphates in the ocean mainly come from urban domestic sewage, 

chemical fertilizer, food, industrial wastewater, farmland drainage and aquaculture wastes. As an 

indicator of the content of organic pollutants in the water body, COD can indirectly reflect the 

degree of organic pollution in the water body. The larger the COD value, the more serious the 

organic pollution in the water body [13]. The maximum value occurs in the coastal waters where 

the main areas exceeding the standard are located. The more serious pollution is the belt shaped 

area formed by the outer sea area of xiaoyangkou, Dongdagang and Western waterways. 

The oil pollutants in the oil ocean mainly come from the oil exploitation, transportation, loading 

and unloading, processing, ballast water discharge of ships and land-based sewage discharge 

[14-15]. Most of the surveyed sea areas are beyond the standard. The formation of the two high 

value areas is due to the influence of the high value of the surveyed stations. According to the data 

collection, there are no offshore oil exploration projects in the areas where the two stations are 

located. The specific reasons for the high value still need to be further studied. 

2.3. Analysis of Hydrodynamic Characteristics 

Analysis of fluctuation tidal current velocity and flow direction. The flow direction is affected by 

the rotating tidal wave and the forward tidal wave of the East China Sea. The sea water in the study 

area shows the form of convergence and divergence at the ebb tide. During the flood tide, the south 

sea water propagates to the northwest or northwest along the main tidal troughs such as the rotten 

sand ocean and the yellow sand ocean, and enters the tiaozi mud water area and flows up to the tidal 

flat; The northern sea water flows from north to south along the large tidal main troughs such as the 

Western Ocean, chenjiawu trough and Kushui ocean. After approaching the central part, the 

peripheral main troughs turn to the West and southwest, enter the tiaozi mud water area and flow up 

to the tidal flat. The flow path of seawater at ebb tide is the same as that at flood tide, and it is 

divergent outward from the strip mud [16]. Due to the limitation of tidal channels between 

sandbanks, the rising and falling tides in the radiated sandbanks are at the peak of Weigang, 

showing a relatively obvious reciprocating flow pattern. 

According to the flow direction of the rising and falling tide, 14 tidal observation points are 

selected on the main tidal channels and sandbanks around the inner edge area of the radial sandbar. 

According to the established two-dimensional tidal mathematical model above, the average flow 

velocity during spring and autumn tide is calculated and the flow velocity difference in the area is 

analyzed. During the rising and falling tides, the velocity of tidal channels such as the western 

channel, the rotten sand ocean, the yellow sand ocean, the Kushui ocean and the chenjiawu trough 

is significantly higher than that on the sandbanks such as Dongsha, gaoni and tiaozi [17-18]. 

3. Application of NSA in MEWE 

Generally, the open boundary can be calculated with a given water level, flow velocity or 

discharge, and the tidal level boundary is the most common. If there are measured data near the 

open boundary, the open boundary conditions shall be calculated according to the measured data. If 

there is no data for direct application, the nested model layer by layer shall be used to calculate the 

conditions at the target boundary from the mature large model. For the tidal level boundary, the 



Frontiers in Ocean Engineering 

4 
 

boundary conditions are given by the following formula according to the harmonic constants of 

each tidal component: 
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Where: is the open boundary, (x, y, Z, t), (x, y, Z, t), (x, y, Z, t) are the known water level, flow 

rate and flow rate respectively. 

The so-called dynamic boundary refers to the process that the water land boundary is always in 

dynamic change with the action of tide. The model will monitor the water depth value of each unit 

in real time, judge the water depth type of each unit at each time and classify it according to the 

predefined dry water depth, submerged water depth and wet water depth values, and find out the 

position of the water boundary accordingly. When the water depth of the grid unit is less than the 

dry water depth and in the beach state, the model will remove the unit so that it does not participate 

in the calculation; When the water depth of the grid element is greater than the dry water depth and 

less than the wet water depth, the model sets the momentum flux of the element to 0, and only 

considers the mass flux to participate in the calculation. 

Free surface boundary. When the surface layer, C= λ When: 
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Where, the shear stress generated by the wind on the free surface in the X and Y directions = (,) 

can be obtained by the following empirical formula: 

vvdns b  
                           (4) 

Where, is the atmospheric density and is the atmospheric drag coefficient. 

4. Application of NSA to Experimental Test and Analysis of MEWE 

4.1. Composition of Nutrients in MEWE 

By comparing the actual n / P ratio of the target ocean with the Redfield number, this paper 

studies the composition of marine nutrients in Laizhou Bay. The measured data in Table 1 shows 

that since the 1980s, the composition proportion of nutrients has changed greatly, and the N / P ratio 

has been increasing. In the 21st century, with the large increase of inorganic ammonia content and 

the large reduction of phosphate in rivers entering the sea, the N / P ratio in the Bay has increased 

more rapidly. The average value of N / P ratio in Laizhou Bay is close to 150. By 2010, the average 

value of N / P ratio has been close to 300. From a long-term perspective, the phosphorus limit still 

has a trend of further aggravation. 
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Table 1. Composition of marine nutrients 

time Water layer Measured N/P Simulation N/P 

May 

surface 133.3 35.74 

bottom 143.3 33.67 

average 136 34.75 

October 

surface 51.6 49.96 

bottom 47.4 31.12 

average 49.4 40.53 

4.2. NSA Test 

In order to better analyze the impact of the two rivers on the water quality of Laizhou Bay, and 

explore the role of nutrient composition on the growth of phytoplankton, the following two groups 

of numerical experiments were conducted around the limitation of nutrient in Laizhou Bay: the din 

and pot of the two sources of the Yellow River and Xiaoqing River were expanded by 5 times 

respectively to analyze the effect of nutrient composition on the growth of plankton cattle; The 

input of nitrogen and phosphorus nutrients from the point sources of the Yellow River and the 

Xiaoqing River was closed (other state variables remained unchanged) to study the contribution of 

these two important nutrient point sources to the nutrient level and phytoplankton cattle length in 

Laizhou Bay. 

Table 2. Numerical test a chlorophyll content statistics 

month 

Normal 

situation 
5x DIN 5x PO4 

Mean CHL 

(mg /) 

Mean CHL 

(mg / L) 

Change 

rate (%) 

Mean CHL 

(mg / L) 

Change 

rate (%) 

January 0.001132 0.001068 -5.69 0.001584 39.97 

February 0.001556 0.001539 -1.09 0.001875 20.51 

March 0.001959 0.001995 1.82 0.002137 9.08 

April 0.001747 0.001789 2.37 0.001 886 7.98 

May 0.001267 0.001348 6.43 0.001363 7.60 

June 0.000947 0.001015 7.08 0.001099 16.00 

July 0.000818 0.001023 25.16 0.000882 7.91 

August 0.001239 0.001513 22.17 0.001343 8.39 

September 0.001138 0.001336 17.38 0.001230 8.06 

October 0.001215 0.001233 1.46 0.001735 42.77 

November 0.001082 0.001067 -1.41 0.001801 66.44 

December 0.001314 0.001391 6.78 0.001580 21.35 

Table 2 shows the data statistics of numerical test A. under normal conditions, the annual 
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average chlorophyll content is 1.314mg/m3. After the point source din and P04 are expanded five 

times, the annual average chlorophyll content is 1.91mg/m3 and 1.58mg/m3, respectively, with an 

increase of 6.78% and d21.35%. It can be seen that the contribution of inorganic phosphorus to the 

growth of floating plants is higher than that of inorganic nitrogen, that is, from the perspective of 

the average of the whole sea area, The limitation of inorganic phosphorus is the main problem of 

nutrient limitation in Laizhou Bay; The increase of inorganic nitrogen can also cause the increase of 

phytoplankton content, which also shows that although the overall average nutrient level in Laizhou 

Bay is limited by phosphorus, there are also nitrogen limitations in some sea areas. 

Table 3. Table of average chlorophyll concentration change data 

 1 2 3 4 5 6 7 8 9 10 

Normal 

situation 
0.0011 0.0015 0.0018 0.0017 0.0014 0.0008 0.0007 0.0012 0.0011 0.0016 

Close 

Xiaoqing 

River 

0.0012 0.0015 0.0019 0.0017 0.0014 0.0007 0.0006 0.0011 0.0010 0.0015 

Close the 

Yellow 

River 

0.0012 0.0017 0.0020 0.0017 0.0011 0.0004 0.0003 0.0006 0.0007 0.0009 

 

 

Figure 1. Variation process of monthly average chlorophyll concentration in Laizhou Bay 
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Figure 2. Variation process of monthly average nutrient concentration in Laizhou Bay 

The results of numerical test B are shown in Fig. 1 and Fig. 2. The general trend of chlorophyll a 

content change is still consistent. The impact of Xiaoqing River point source on d1n, P04 and Chl a 

in Laizhou Bay is weaker than that of the Yellow River point source. When the point source of 

Xiaoqing River is closed, the din content in Laizhou Bay is basically unchanged, and the POA 

content has a slight decrease, Po. The decrease of Chl-a caused the growth of phytoplankton to be 

more restricted, which also caused a slight decrease of Chl-a content. The annual intake of DIN in 

Xiaoqing River only accounts for about 10% of that in Laizhou Bay. It is not the main source of 

DIN nutrients in Laizhou Bay, so it will not have a great impact on the level of inorganic salts such 

as nitrogen and phosphorus in Laizhou Bay. When the point source of the Yellow River is closed, 

the din content in Laizhou Bay decreases significantly. This is because the annual intake of DIN in 

the Yellow River accounts for 85% of that in Laizhou Bay. The large reduction of DIN may change 

the average nutrient level in Laizhou Bay from phosphorus limitation to nitrogen limitation, 

weakening the growth of phytoplankton restricted by inorganic nitrogen, and further reducing the 

absorbed P04 content. Therefore, when the point source of the Yellow River is closed, the din 

content decreases significantly, However, the content of P04 increased obviously. Except for a 

slight abnormal increase in February and March, the content of Chl-a decreased in other months, 

especially from June to November, so that the second peak of phytoplankton bloom in autumn 

almost disappeared. 

5. Conclusion 

This paper mainly analyzes the application of NS in MEWE. Through the detection and analysis 

of DIN, PO4 and other contents in marine water quality, the experimental analysis is carried out, 

and the accuracy of the measured results is high. However, the application of mathematical 

simulation in the environmental impact assessment of marine engineering water quality must be 

distorted to some extent. What it needs is to omit or ignore certain factors under ideal conditions, 

which is a summary of experience. Some hypothetical conditions have a great impact on the 

accuracy of NS. The mathematical model is effective for the phenomena with certain rules and 

regulations, and can maintain certain continuity in time and space. Due to the influence of the 
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environment or its own factors, the error is relatively large. NS is an important technical method for 

the study of coastal ocean tidal current and sediment movement. Therefore, the application of NSA 

in the MEWE needs further research. 
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