
Port waterways, which are the routes for 
ships entering and leaving a port, have 
become one of the bottlenecks restricting 
port development. A common question for 
decisionmakers is whether to build a new 
waterway or expand an existing one-way 
waterway to a two-way traffic waterway. 
Due to the complexity and randomness 
of port systems, numerical methods 
sometimes fail to obtain solutions to 
waterway problems. Simulation technology 
has been generally applied in port waterway 
management because of the advantages of 
dealing with such complex systems. 

Considering the high cost of 
construction and dredging for waterways, 
decisionmakers will be more confident in 
their decisions when the  entire process of 
ships’ entering and leaving a port through 
waterway can be simulated. Our research 
team at Dalian University of Technology 
has developed a Port Waterway Simulation 
Model (PWSM) to simulate the whole 

process of ships transiting the waterway 
and handling at berth. PWSM has already 
been extensively used to solve port 
waterway related issues in China, such as 
how to improve the waterway throughput 
capacity through management methods  
and without expanding waterways, whether 
the waterway should be dredged deeply 
for large ships with tides, and whether the 
waterway direction should be changed due 
to the development of the port, etc. This 
paper will give an example of an existing 
waterway that could be expanded to allow 
for a continuous increase in ship traffic 
volumes.

PORT WATERWAY SIMULATION MODEL
With the increase of cargo throughput 
and the trend of larger-sized vessels, ship 
operators have to wait for longer periods 
of time at anchorage due to heavy traffic. 
Port operators need to take measures 
to improve waterway through capacity. 

For example, Yangshan Port expanded a 
one-way waterway into a two-way traffic 
waterway in 2013. 

However, it is difficult for decisionmakers 
to decide the best time to expand the 
existing one-way waterway. We take a 
port with a long waterway in China in 
the year 2015 as a case study to show 
how simulation technology can solve the 
waterway expansion timing  problem. The 
250,000 tonnage one-way (single-lane) 
waterway in the case study is about 56.8km 
long and 350m wide. With the development 
of the port from the year of 2015 to 2030, 
the number of berths will grow from 24 
to 95 according to the planning of port 
development. Meanwhile, the number of 
ships such as crude oil tankers, product oil 
tankers, chemical carriers, containerships, 
bulk ships, and general cargo ships, will 
increase from 1,700 to 9,100 based on 
forecasts of ship traffic volumes made by 
Port Design Company. PWSM is used to 
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obtain evaluation indicators of ports, such 
as the average waiting times for ships and 
the service level of ports, so that the best 
time for expanding the one-way waterway 
can be determined after comparing the 
indicators.

Before the PWSM is designed, we assume 
that the number of anchorage berths is 
enough for providing services for ships 
waiting for the waterway. Then, PWSM 
can be divided into three parts: ship entry 

module, ship operation module, and ship 
departure module, as shown in Figure 3.

In the ship entry simulation module, the 
sub-model begins with ships arriving at 
ports and ends up with ships berthing at 
idle berths. Ships with different tonnages 
have different  requirements for berths and 
water depths. The ships cannot go through 
the waterway unless the corresponding 
berth is idle. Once the corresponding berth 
is free, the simulation checks whether 

natural conditions, tidal conditions and safe 
distance conditions are satisfied. Only then 
can the ship enter the waterway following 
the rules determined by operators, such 
as the “First Come, First Go”, “Large Ship 
Goes First”, and so on. In this module, the 
time and number of ships arrival at port, 
the waiting time for berths and waterways, 
and the number of ships passing through 
waterways will be recorded. For the ship 
operation simulation module, two Delay 

Figure 1: Average waiting times of different types of ships on waterways in 2020 for unnamed port in case study in China

Figure 2: Service levels of different types of berths in 2020 for Chinese port in case study
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modules are used to represent the process 
of ships’ turning around, mooring and 
handling operation. The time taken for 
mooring and handling operation is also 
recorded. After loading and unloading 
work has been completed, the ship will 
be in the queue for leaving, requiring use 
of a ship departure module. The process 
of ship entry module and ship departure 
module are basically the same, but the 
properties of the ship, such as the speed, 
may be different due to a decreased load. 
At this time, the large ship may not need 
to take tides. After inputting ships’ arrival 
distribution, ships’ combination, berth 
layout, rules of ships’ passing through 
waterway and natural conditions etc., the 
evaluation indicators of ports from the 
years 2015 to 2030 are obtained. When the 
waterway is one-way,350 metres wide, or 
two-way, of around 585 metres wide, the 
average time spent waiting for a waterway, 
and service level for the year 2020 are given 
as an example in Figure 1 and Figure 2. 

In the data as generated by simlulation 
models, the average waiting time goes 
down almost half of the original one when 
the waterway is expanded, in the Figure 1. 
For example, the average waiting time for 
300,000 tonnage crude oil ship falls from 
7.8 hours to 4 hours. When it comes to the 
maximum waiting time waiting for waterway, 
it is about 45 hours for one-way waterway 
and 18 hours for a two-way waterway. AWT/
AST is introduced as the evaluation indicator 
of port service level as shown in Figure 2. AWT 
refers to ships’ waiting time, including the 
time spent waiting for both the waterway and 
the berth, while AST is the average service 
time. The smaller the value of AWT/AST, the 
higher the port service level is. 

In Figure 2, the service level indicator is 
more than 1 for 20,000 tonnage container 
berth and 50,000 tonnage ro-ro berth, and it 
takes too long for ships waiting to be handled 
using the one-way simulation. At this time, 
it’s better to expand the waterway to improve 
the service level. As shown in Figure 2, when 
the waterway is expanded to 585m, the 
indicator of port service level reduces from 
1.81 to 0.38.

BENEFITS OF PWSM
PWSM is very important and effective for 
decisionmakers, especially when the port 
waterway system is very complex and full 
of uncertainties. It can help them make 
decisions by allowing them to change the 
inputs, and see how the inputs influence 
the results. For example, the best rule of 
ships’ going into waterway can be obtained 
after analyzing how the rule affects the 
waterway throughout capacity. PWSM has 
already been applied to many real port 
engineering projects in China, such as 
Jingtang Port, Panjin Port and Yantian Port.
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Figure 3: The whole simulation process for port operations
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