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Abstract: With the continuous development of the water transport industry, the trend 

of large-scale transport ships is accelerating. In order to adapt to the new water 

transport situation and new requirements, it is urgent to accelerate the construction of 

inland waterway and deep-water channel. In this paper, the status quo of waterway 

regulation is discussed based on the research status of physical models at home and 

abroad and the current status of numerical models. 
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1. Introduction 

China started to govern water more than 4,000 years ago. Since ancient times, China 

has been a large country with water resources. The story of “big floods and flood 

control, and three-passing homes” dates back to ancient times. In the history of flood 

control, there were many glorious achievements in ancient times. Such as Dujiangyan, 

Beijing-Hangzhou Grand Canal, Lingqu, Zheng Guoqu, Ditch. The essence of ancient 

water control is to “promote water resources, in addition to water damage.” According 

to the division of modern water conservancy projects, water control by ancient people 

is part of the people's livelihood and water conservancy. 

The rectification of waterways is an important part of water management. It is said that 

in the era of flood control, the ancients knew how to follow the water and make the 

best use of the situation. In modern China, people have proposed a series of principles 

for waterway regulation. Among them, Pan Jihua's theory of governance with water in 

dike and water to attack sand is the most prominent. 

 

2. Statement of Problem 

The waterway is the mother of water transport, and the waterway is the lifeline of the 

development of the port. In particular, the inland shipping system with the Yangtze 

River as the main body bears the major bulk cargoes in the area along the Yangtze 
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River and the transportation and distribution of foreign trade import and export goods. 

It has become the most busy and largest-capacity navigable river in the world. It is 2 

times and 3 times that of the Mississippi River and the Rhine River in Europe. With the 

continuous development of water transport industry, the trend of large-scale 

transportation vessels is accelerating. In order to adapt to the new water 

transportation situation and new requirements, it is imperative to accelerate the 

construction of inland waterways and deep-water waterways. Therefore, it is very 

necessary to understand the research status of waterway regulation at home and 

abroad. 

 

3. Research Status of Waterway Regulation 

3.1 Physical Model Research Status 

At present, the design theory and experimental techniques of domestic physical models 

have entered the world. Most of the physical model test results can accurately reflect 

the evolution of the prototype. It is a more reliable test method. 

(1) renovation of shallow waterways 

The basic causes of shoal formation are mainly due to factors such as the reduction of 

the flow velocity due to the relaxation of the river bed section or other reasons, the 

oscillation of the flow of dry flood, the increase of sediment in some areas, and the 

specific riverbed conditions. The shoal remediation methods mainly include the 

construction of corresponding rectification buildings, the opening of new trenches, the 

construction of dams, the combination of dredging and remediation, and so on. 

Chen Mingdong and Wen cen [4] formulated the characteristics of the Xiaobaiba dam 

with shallow widening of the beach and sharp bends, and formulated the principles of 

the river regime, the stability of the navigation channel, and the stable flow path in the 

middle-dry season. The Changshun Dam project is adopted on the bank of the 

dominant river bank. This program can reduce the impact caused by the spur dike, the 

erosion of the navigation channel, the disorder of the local flow regime, and the 

unequal distribution of the gradient, and can achieve a relatively good effect of the 

channel rectification. 

Lai Mingshu and Liu Yueqin [5] adopted four spurs to stabilize the navigation channel 

for the water flow characteristics of the Wannianzhou Shoal, and its model test results 

were correct and reliable. 

(2) Regulation of the channel of the rapids beach 

In the mountainous rivers, there are many rapids. Nearly half of the hazards in all 

mountain rivers are due to the impediment of the rapids [6]. The river bed suddenly 

shrinks at a discharge section, and the energy of the water flow in the local river section 
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changes rapidly, forming a rapids. At present, the emergency beach remediation 

methods include the following: expanding the drainage section, forming the wrong 

beach type, dam building under the beach, increasing the branch flow, opening up the 

two-slot navigation, improving the conditions of the stranded beach, broadening the 

slow flow channel, etc. .In the governance of Doulazi Beach, Xie Zhongzhu et al. [7] 

adopted the management ideas of expanding and lowering and lifting, and adopted the 

engineering measures of sparse explosion and dam construction during the 

rectification process; after the implementation of the renovation project, the obstacles 

disappeared and reached a good level. After a more comprehensive analysis of the 

situation of the floodplain of the Manjiang River Hall, Shuyu Qing, Xu Guangxiang, and 

Tong Sichen [8] conducted a large number of model tests and determined a treatment 

plan based on model tests. After the construction of the first phase of the project, 

basically achieved the desired effect. After extensive analysis of the complex beach 

conditions at the Yangjiao Shoal of Wujiang River, the large surface water drop, and the 

relatively large local velocity drop in the flow and beach sections, and a large number 

of model test studies, Deng Chuanwei et al. [9] adopted only sparse lifting or The 

dredging and lifting method has resulted in the expansion of the drainage area, the 

reduction of the flow velocity, the increase of the downstream water level, and the 

stabilization of the river bed gradient, and the improvement of the treatment effect is 

good. Shi Jingjiu [10] quoted in his article the rectification method of a rapids beach on 

a certain road in Surabaya by lowering the longitudinal slope of the river bed, 

lengthening the length of the beach, opening up new navigation channels, increasing 

the flow rate of the left side of the river, constructing a diversion dam. 

(3) Regulation of the channel of the rapids 

Geologically, some hard rocks that are not easy to be washed away by water flow form 

bright and dark rocks on the shore or in rivers. The navigation channel is curved and 

narrow, often with bad flow states such as sliding beam water, bubble swirling water, 

scissors water, etc. An accident resulted in the formation of a rapids.The engineering 

measures for the management of the rapids are mainly digging trenches, blasting reefs, 

dams, cutting mouths, etc., which can improve the velocity and flow pattern of the 

rapids.Based on the complicated terrain and a variety of reasons that hinder navigation 

in the river channel of the Sandaoguai reach, Luyao [11] proposed a method for 

increasing the radius of the curve and improving the flow pattern of the water flow, 

ensuring the medium water and dry water. Navigation during the period. 

(4) Channel renovation of complex beach insurance 

The complex beach insurance of mountainous rivers refers to beach insurance that has 

two kinds or three types of beaches, both acute, shallow, and dangerous, and the 

riverbed form is also more complex; or it consists of continuous beach groups.In order 
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to rectify complex beach hazards, it is necessary to analyze in detail the causes of 

hazards, hindrance to navigation, hydrology, sediment and riverbed changes and other 

factors, as well as the inter-influence relations among various beach insurances, and 

comprehensive measures should be taken in light of local conditions.Gap Long Beach is 

one of the key hazards to the navigation and flood hazards in the upper reaches of 

Hongshui River.Yin Chongqing et al.[12] combined with the experimental research 

results of the Gap Long Beach waterway regulation model, and adopted dredging, 

cutting, and reef-remediation engineering measures to adjust the navigation channel, 

increase the depth of flight, slow the flow velocity, and reduce the gradient, effectively 

solving the problem. The hurrying, bending and shallow obstructed navigation 

conditions of the Gap Longtan provided good navigation conditions for the safe 

navigation of the vessel.Yang Bin et al. [13] based on the analysis of various floodplain 

beaches in the embroidered beach group of the Minjiang River, taking into account the 

main principles of the layout of the remediation project, “complying with the river 

regime, leveraging the advantages of water resources, controlling water, low-water 

remediation, and overall consideration”. The river engineering model test study was 

conducted on the embankment renovation project of the Minjiang River and the 

proposed remediation measures have been adopted by actual project. 

 

3.2 Mathematical Model Research Status 

The physical model test method is a method often used for researching the navigation 

flow conditions of the hub. However, the physical model test has obvious 

disadvantages, which consumes a lot of money and takes a long time.Numerical 

simulation technology has many notable features: less investment, shorter time, higher 

precision, less influence of external factors, no scale effect, and flexible and convenient 

application [17][18]. People pay more and more attention to numerical values in the 

study of waterway rectification. Simulation technology.In the current inland waterway 

regulation and research, according to the actual situation, combined with the 

corresponding engineering examples of inland rivers, the numerical simulation 

technology in the course of mathematical simulation of inland river channel regulation 

has been vigorously developed. 

(1) One-dimensional numerical simulation 

The earliest development was the mathematical model of one-dimensional flow, and its 

theoretical basis and numerical discrete format have been developed. In the past 10 

years, the one-dimensional water and sediment numerical simulation system has 

mainly concentrated on the calculation format improvement of long river sections and 

large river networks, non-constant flow simulation, and the improvement of sediment 

models, and has initially established a comparatively mature program. Simulation 
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system for sediment transport theory.In the past few years, Yu Bing et al. [19] used the 

finite volume method to discretize the Saint-Venant equation and used the upwind style 

solution to simulate the formation, development, and decay of the Qiantang River 

surge. Prof. Wang Shiqiang’s mathematical model developed for the sediment-laden 

rivers of the Yellow River has played an active role in the research of the Xiaolangdi 

Reservoir’s utilization mode [20]. 

(2) Two-dimensional numerical simulation 

Although the two-dimensional flow and sediment numerical study began to develop in 

the 1970s, more and more scholars have studied it, and there are now more mature 

systems. In summary, two-dimensional numerical simulation is divided into planar 

two-dimensional and elevation two-dimensional two modes. The planar 

two-dimensional simulation system is based on the vertical flow sediment factor as the 

main research object, and studies their distribution in the plane and the law of change. 

Wang Chuan [21] constructed a model by using a two-dimensional mathematical 

model and established a grid to study the specific application of the method in the 

furcation channel regulation project. The lagoon hydrodynamic model established by 

Mehta et al. [22] can be applied to the hydraulic analysis of the channel system. Zhou 

Jianjun [23] in order to apply the two-dimensional array model to the unsteady flow 

calculation of the Three Gorges approach channel, the influence rule of the ship locker 

approach channel scale on the navigable flow conditions is closely discussed.Zhang 

Wei, Xu Sudong et al. [24] adopted a two-dimensional hydrodynamic mathematical 

model in the plan for the regulation of the Yutuotan Channel of the Minjiang River in 

Guangxi. The computational grid consists of a grid of six parameters with a 

combination of a six-node triangle and a quadrilateral eight-node, and the encryption 

technique is used locally [25][26].The results show that the calculated values agree 

well with the measured values. Wang Jun [27] and others used a planar 

two-dimensional mathematical model of water flow to demonstrate the navigable flow 

conditions before and after the bridge at wujiang. 

Cheng Houchang [28] used a two-dimensional water flow mathematical model to 

simulate the navigation conditions of the Tongluoxia section after the construction of 

the reservoir. After the narrow and deep trenching type remediation project and the 

wide shallow trench type remediation project, it is calculated that the wide shallow 

groove is more suitable for this type of beach section. The elevation two-dimensional 

simulation system is based on the vertical flow profile of the sediment transport factors, 

mainly to study their distribution and changes in the vertical line. Khosrownejad and 

Salehi Neishaboi [29] used the vertical two-dimensional hydrodynamic model 

combined with the sediment transport model to study the amount of sediment 

discharged during the flood discharge of the reservoir. 



Volume 5 Issue 5 2018 

   96 

(3) Three-dimensional numerical simulation 

The continuous development of science and technology encourages people to 

continuously study the nature and movement laws of fluids. However, due to the 

complexity of fluid movement, people have yet to fully understand it. The 

three-dimensional nature of the water flow in the natural world manifests itself clearly. 

The three-dimensional nature of fluid movement is prominently reflected in areas 

where the boundary changes drastically, such as the diffusion of spillway water flow in 

the spillway, the complex flow patterns in the stilling pool, Plunge pool swirling state 

and so on. The three-dimensional flow state is very complicated and changeable. The 

conventional one-dimensional or planar two-dimensional technology cannot be 

accurately simulated. The three-dimensional flow state often needs to be combined 

with the physical model when it is applied. Because of this, domestic and foreign water 

conservancy workers have been continuously improving their technical level in the field 

of hydro-hydraulics physical model research. At the same time, they are actively 

exploring technologies that can be used for substitution in order to obtain more 

research means. 

 

4. Conclusion 

The complicated river bed topography and complex water flow conditions have created 

various complex obstacle flow states. Before conducting the waterway rectification 

work, we should fully understand the obstacles in navigation and flow, 

comprehensively consider various influencing factors, and make overall plans. At 

present, there have been in-depth studies on the characteristics of impeded navigation 

of shallow rivers, shoals, rapids, and complex beach hazards in mountain rivers, 

remediation principles, and remediation engineering techniques, but the optimization 

of three-dimensional numerical simulation of rapids and shoals, especially the 

riverbank beach insurance Problems such as cross-flow, reflow intensity, and bubble 

swirl strength have not been thoroughly studied. Numerical simulation can be used as 

an independent research method, and it can also be used in conjunction with hydraulic 

models, and provide necessary experimental control conditions for hydraulic models to 

increase the possibility of successful remediation. 
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