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Abstract: Dredging construction is an important link in the construction and maintenance of ports
and waterways, which plays a key role in guaranteeing the navigation of waterways and improving
the throughput capacity of ports. However, the construction process will often have a certain impact
on the normal passage of the waterway, in order to ensure the construction progress and quality at the
same time to ensure the safety of harbor and waterway navigation, dredging construction is an urgent
problem to be solved. This paper analyzes the impact of dredging construction on port and waterway
navigation and proposes a series of effective safeguard measures, covering pre-construction
navigation assessment, real-time monitoring and adjustment during construction, development of
contingency plans, and collaborative management of construction and port operation. Successful
navigation protection practices at home and abroad are discussed in the context of case studies, which
provide feasible strategies and methods for the protection of port and waterway navigation during
dredging construction in the future, and look forward to the future development trend of dredging
construction technology and its impact on port and waterway navigation protection measures.

1. Introduction

With the growth of global trade and the increasing demand for navigation in ports and waterways,
dredging construction has become an indispensable and important part of port construction and
maintenance[1]. Dredging not only enhances the throughput capacity of ports and the navigational
capacity of waterways, but also prevents the decline of navigational capacity caused by
sedimentation[2]. The equipment used in dredging construction, the construction schedule and the
occupation of the water area often affect the normal navigation of the harbor and the waterway, and
even cause safety hazards. Ensuring the safety of harbor and waterway navigation while ensuring the
efficient progress of dredging construction is a key issue that needs to be resolved by the industry.

A series of technical and management measures to safeguard navigation are proposed for the
factors that may affect navigation during dredging construction[3]. These measures include the
assessment of navigational impact and reasonable planning in the pre-construction period, real-time
monitoring and dynamic adjustment during construction, formulation of contingency plans and
optimization of collaborative management[4]. Through the analysis of typical cases, the successful
experiences and practices in dredging construction at home and abroad are discussed to provide
references for related fields[5]. This paper also looks forward to the future development direction of
dredging construction technology and discusses the potential application of intelligent and
automation technology in navigation protection[6].

2. Impact of dredging construction on port and channel navigation

Dredging construction usually uses large engineering equipment, dredgers, transportation vessels
and auxiliary work vessels, and the operation of these equipment in the construction area will occupy
part of the channel space and affect the normal passage of vessels. The movement and berthing of
large equipment may lead to temporary closure of the channel or restriction of passage, especially
during peak shipping hours, which will bring some obstacles to port operations and channel
navigation efficiency. Different dredging construction methods have different impacts on
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navigation[7]. Traditional mud throwing and mud blowing construction methods may lead to turbid
water quality, reduce underwater visibility, and affect the safety of navigating vessels[8]. The water
disturbance and sediment suspension generated during dredging may also affect the stability of vessel
navigation, and increase the risk of collision and grounding.

The choice of construction time is directly related to the continuity and safety of navigation. If the
dredging construction is scheduled during the peak shipping hours of the harbor and the waterway, it
will easily cause congestion in the waterway and adversely affect ship scheduling. Reasonable
scheduling of the construction time and avoiding the peak shipping period can effectively reduce the

interference to the navigation of the port and waterway and ensure the smooth and safe passage of
ships. Navigational Clearance Calculation:

C=D+S+W (1)

Adverse meteorological (e.g., strong winds, fog) and complex hydrological conditions (e.g., strong
tidal currents, surges) during dredging construction can exacerbate the impacts on navigation in the
waterway[9]. These environmental factors will affect the stability of construction equipment and
increase the difficulty of ship navigation, resulting in a more complex navigational environment in
the construction area and potential safety hazards[10]. It is particularly important to anticipate and
monitor meteorological and hydrological conditions in real time during the construction process to

ensure that the necessary navigational safeguards are taken under unfavorable conditions, showed in
Figure 1 :
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Figure 1 Correlation Heatmap

3. Technical and managerial measures to safeguard the navigation of ports and waterways

In the course of dredging construction, systematic technical and management measures are
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required to ensure the normal navigation of ports and waterways. These measures cover pre-
construction navigation impact assessment and scientific planning, real-time monitoring and dynamic
adjustment during the construction period, as well as the development and effective implementation
of contingency plans in case of emergencies. Through the comprehensive application of these means,
the impact of construction on the navigation channel can be minimized to ensure the balance between
shipping safety and construction progress.

3.1. Pre-construction navigation assessment and planning

Prior to the commencement of dredging construction, the navigational assessment needs to take
into full consideration the existing access to ports and waterways, shipping demand and the possible
impacts of the construction, and analyze key indicators such as the capacity of the waterway, the
speed of access and the volume of vessel traffic, in order to assess the potential disruption of the
construction to the access to the waterway. The assessment can identify key navigation bottlenecks
and provide data support for subsequent planning. Based on the results of the navigational assessment,
the construction area and scope should be reasonably planned to minimize the occupation of the main
channel and the interference with daily navigation. The construction area should be reasonably
separated from the existing access routes to ensure that construction activities are mainly concentrated
in areas that do not affect the main channel, and that construction buffer zones are set up to cope with
possible unforeseen impacts of the construction and to provide multiple safeguards for the safety of
the navigation channel.

The scheduling of construction time is also a priority in planning. In order to avoid congestion in
the waterway during peak hours, priority should be given to construction during low shipping volume
hours, and construction plans should be flexibly formulated so that timely adjustments can be made
in the event of inclement weather or special circumstances. In addition, the past shipping data can be
referred to predict the pattern of peak hours, and construction resources can be reasonably allocated
to avoid affecting the normal shipping operation of the port as much as possible. In the pre-
construction period, carry out multi-party coordination work and communicate closely with port
authorities, shipping companies and other relevant parties to ensure that all parties understand the
construction plan and provide necessary support and cooperation. By informing the construction
arrangements and possible impacts in advance, the channel resources can be better coordinated, and
the smoothness of construction and safety of navigation can be enhanced.

3.2. Monitoring and adjustment of navigational safety during the construction process

During dredging construction, real-time monitoring is one of the most important means to ensure
navigation safety. Through advanced monitoring equipment, such as radar, AIS system (Automatic
Identification System for Ships) and video surveillance, comprehensive real-time monitoring can be
carried out on vessel traffic, channel conditions and the operation status of construction equipment in
the construction area. With the help of these monitoring means, potential safety hazards can be
detected at the first time to ensure the smooth and safe passage of the waterway. Sediment Suspension
Rate:

R=kx2 )

Based on real-time monitoring data, the position and operation status of construction equipment
are dynamically adjusted to meet the real-time demand of the waterway. During peak shipping hours,
the operating position of construction equipment can be appropriately adjusted or the scale of
construction can be reduced to provide more space for passing ships. For the equipment that can
easily cause navigation impacts, it can be arranged to operate during non-peak hours to ensure the
balance between construction and navigation needs.

Establishment of a rapid response mechanism to cope with unexpected situations. When the
monitoring system detects the stranding of ships and slow navigation in the construction area, it will
immediately start the response procedure and quickly notify the relevant equipment to adjust its
position or suspend the construction. Emergency navigation channels can be set up to protect the
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passage of ships in emergency situations and minimize the obstruction of navigation caused by
construction. Regular construction monitoring and evaluation meetings are held to optimize and
adjust the construction plan appropriately according to real-time data. By analyzing and summarizing
the monitoring data, potential problems are identified and corrected in time. Drawing on the
experience and feedback gained during the construction process, the monitoring and adjustment
strategy will be continuously optimized to ensure that the safety and efficiency of navigation is
continuously improved throughout the construction phase,showed in Figure 2 :
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Figure 2 Pairplot of Features with Categories
3.3. Emergency plan and navigation security measures

In the course of dredging construction, it is necessary to formulate a sound contingency plan in
advance in order to cope with emergencies and unfavorable conditions. The contingency plan should
include the identification and assessment of various potential risks, such as bad weather, equipment
failure, ship collision, etc., in order to ensure that effective measures can be taken quickly in an
emergency to minimize the impact on navigation. The plan for each type of risk should be specific
and operable so that construction personnel and relevant parties can respond quickly in case of
emergencies. In the event of an emergency, the emergency response team should immediately activate
the appropriate emergency procedures, including notifying the relevant shipping parties and port
authorities, and quickly directing the evacuation of construction equipment or suspension of
operations to ensure the safety and smooth flow of the navigable area. To enhance the response speed,
an emergency channel or alternate anchorage can be set up in and around the construction area for
ships to temporarily take refuge or divert passage.
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Strengthen the communication and coordination with port management, maritime department and
shipping companies to ensure the smooth implementation of the emergency plan, all parties should
regularly conduct emergency drills to simulate the possible occurrence of navigation safety accident
scenarios, test the effectiveness of the plan, and constantly optimize the content of the plan. Through
drills, the emergency response ability of all parties can be improved to ensure that they can work
together efficiently to ensure navigation safety in the event of an actual incident. Regularly updating
and optimizing the emergency response plan is crucial. As dredging construction progresses and
shipping conditions change, the emergency plan needs to be dynamically adjusted based on the latest
monitoring data, construction progress and weather forecasts. By constantly improving and updating
the plan, it can be ensured that the plan is always applicable to the current construction and navigation
environment, and effectively guarantee navigation safety during the construction process.

4. Case studies and empirical research

In the study of the impact of dredging construction on port and waterway navigation, the analysis
of typical cases can provide valuable experience and practical basis. By selecting representative
dredging projects at home and abroad and analyzing in detail the navigational safeguards during the
construction process, it can help identify successful strategies and existing problems. These cases not
only show how to cope with different construction environments, but also provide a reference for
similar projects in the future.

Based on actual cases, the empirical study quantifies the specific impacts of dredging construction
on navigation through data collection and analysis. By comparing the data on navigation efficiency,
ship passage speed and accident rate before and after the construction, the effect of different measures
can be evaluated. The empirical data can provide a more objective and scientific evaluation, which
provides a basis for optimizing the dredging construction plan and formulating the navigation
protection strategy.

The application of advanced technology is also a key area of focus in the case studies and empirical
research. Some projects have realized dynamic adjustment and safety assurance during the
construction process through intelligent monitoring systems and data analysis platforms. These
technical means have improved construction efficiency while reducing the impact on navigation,
providing a practical basis for intelligent dredging and navigation protection. Through case analysis
and empirical research, a set of systematic navigation protection strategies can be formed and the best
practices that can be promoted can be summarized. The summarization and promotion of successful
experiences will help to enhance the ability of the whole industry to safeguard navigation during
dredging construction, and also provide data support and practical reference for the formulation of
relevant policies and the establishment of standards.

5. Conclusion

Navigational protection of harbor and waterway during dredging construction is an important issue
to ensure smooth construction and safe shipping. Through detailed navigational assessment and
scientific planning before construction, real-time monitoring and dynamic adjustment during
construction, as well as perfect emergency plans and navigational safeguard measures, the impact of
construction on navigation can be effectively mitigated to ensure the safety and smoothness of the
waterway. Through the analysis of typical cases and empirical research, the successful experience
and strategy of navigation protection are summarized, which provide valuable practical guidance for
similar projects in the future. With the development of technology, the application of intelligent
monitoring, data analysis and other means will further enhance the navigation protection ability and
realize the harmonious coexistence of construction and navigation safety.
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