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Preface 

Navigational safety is the state of a marine traffic engineering system, related to accident-
free conduct of a ship towards its destination, maintaining required movement parameters, 
i.e. it is the state of the system related to accident-free performance of specific manoeuvres 
in a restricted area. 

The safety of navigation on sea waterways, particularly on port waterways, is the basic 
factor limiting the expansion of ports and operations of bigger ships in ports. Navigation 
risk is a criterion of navigational safety assessment allowing its accurate estimation in 
port waterways. Methods of navigation risk estimation and analysis is one of the major 
issues in shipping today. 

The themes of this monograph include modern engineering problems of marine traffic 
engineering, focusing on what this discipline deals with: navigational safety assessment 
methods. These include:

• criteria of assessing navigational safety in restricted areas,
• navigation risk, as a complex criterion of navigational safety assessment in waterway 

systems,
• models of navigation risk determination used worldwide,
• conditions of safe operation of ships on waterways determined by using navigation 

risk,
• minimum safe tug assistance on port waterways and
• navigation risk management in waterway systems with a description of a computer 

program for model-based tests of navigational safety on Southern Baltic waterways. 

Chapter 1 presents the criteria of navigational safety assessment used in restricted waters, 
focusing on navigation risk determined in various sea waterway systems. It provides the 
theoretical foundations for determining navigation risk for various types of port water-
ways, such as anchorage, fairways, port basins and systems combining various types of 
waterways.
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vi Preface

Chapter 2 presents major models of navigation risk currently used worldwide. The 
described models are those recommended by the IMO, IALA, PIANC and models devel-
oped at the Massachusetts Institute of Technology and at the Maritime University of 
Szczecin. 

Chapter 3 looks into methods of determining the conditions of safe ship operation on 
sea waterways using navigation risk criteria. The risk of moving outside the available 
navigable area is presented, an event that may occur due to the deterioration of naviga-
tional conditions or technical failures of key shipboard machinery and tugs. Also, methods 
of determining the minimum safe tug assistance are described for various types of port 
manoeuvres. 

Chapter 4 presents a system of navigation risk management in open and restricted areas 
of the Southern Baltic. NEPTUN is a program for risk management dealing with large 
amounts of data stored on a server of the Maritime University of Szczecin. The user’s 
computer contains an application allowing the use of data from the server. 

This work has been done based on the results of tests conducted by the marine traffic 
engineering team at the Faculty of Navigation, Maritime University of Szczecin, led by 
professor S. Gucma, and on the results of up-to-date scientific research performed across 
the globe. 

The said research team has worked out what can be termed Polish school of marine 
traffic engineering, whose accomplishments include about 50 books, more than ten post-
doctoral degrees, dozens of doctoral degrees and one honoris causa doctorate in marine 
traffic engineering. 

A number of solutions have been implemented, such as the development of optimal 
design assumptions for:

• ports of Police, Kołobrzeg, Łeba, Hel;
• the port of Ystad;
• ferry terminal in Świnoujście;
• LNG terminal in Świnoujście;
• currently executed modernisation of the Świnoujście-Szczecin fairway;
• newly designed container terminal in Świnoujście;
• number of port investment projects in Szczecin, Świnoujście and Gdynia.



Preface vii

The book is intended for: 

– researchers dealing with marine traffic engineering, navigation, marine structures; 
– designers of waterways and marine structures; 
– waterway operators; 
– specialists of ship operation, including maritime administration personnel; 
– students who choose to specialize in marine traffic engineering, marine navigation, 

transport and offshore structure engineering. 

Szczecin, Poland Andrzej Bąk 
Stanisław Gucma 
Marcin Przywarty
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1Safety of Navigation in Restricted Areas 

The safety of navigation is defined as the state of the ship-human-environment system, in 
which none of its elements due to certain reasons/causes threatens any other element of 
the system (Gucma et al., 2008). In shipping, the state of danger is caused by a marine 
accident, understood as an undesired event bringing damage and losses (material and 
human). 

Navigational safety is a component of shipping safety (Urbański, 1994; Walczak & 
Hajduk, 1994), which apart from navigational dangers, also takes into account hazards 
related to fire, stability, intact stability, non-sinkability, cargo, etc. 

Navigational safety includes all issues related to accident-free ship conduct from point 
A to point B of a sea waterway (Gucma, 2001). The term accident is to be understood as 
a navigational or manoeuvring accident, such as: 

1. Grounding, broadly understood as unintentional contact of the hull, rudder or propeller 
with the bottom. 

2. Damage to the hull through ship contact with the shore (collision with shore element 
at which the water depth is larger than the ship’s draft). 

3. Damage to offshore or port structure by ship’s direct contact or as indirect effect of 
the propeller stream. 

4. Collision with another ship moored to the berth or lying at anchor. 
5. Collision with another vessel in motion. 
6. Damage to a tug assisting the manoeuvring ship. 
7. Damage to the floating seamark.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2024 
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2 1 Safety of Navigation in Restricted Areas

In the context of navigational safety, marine traffic engineering defines a restricted area as 
an area where the ship cannot manoeuvre in a free, unrestricted manner (Dzwonkowski 
et al., 2019). In the light of this definition, marine waterways also belong to restricted 
areas. Marine traffic engineers classify sea waterways depending on the type of manoeu-
vres that the ship performs: The following types of waterways and manoeuvres are 
distinguished (Gucma, 2001). 

Types of waterway Type of manoeuvre 

1. Fairway: – fairway passage 

‧ straight section 
‧ bend 

2. Port entrance – port entry manoeuvre 

3. Turning basin – turning manoeuvre 

4. Port basin 

‧ berth approach – berthing manoeuvre 

‧ berth – mooring, unmooring 

5. Lock – lock entry, exit and mooring 

6. Anchorage – anchoring manoeuvre 

The sea waterway is adjusted to the navigation performed by specific types of vessels 
characterised by specific parameters. The basic condition of navigation on sea waterways 
is the safety of navigation, understood as the safety of a specific ship and its environment 
during manoeuvres in such areas, in view of the possibility of a navigational accident 
(undesired event causing damage and losses) (Gucma et al., 2008). 

Navigation safety can be assessed by means of navigation risk (manoeuvring risk). 
Navigation risk is understood as the risk of ship accident during manoeuvring in a 
restricted area. The risk of manoeuvring for all types of waterways (i.e. manoeuvres 
performed on them) be presented as a function (Gucma, 2001; Gucma et al., 2013, 2015): 

Ri = f (Ai , Qi , Ni , Hi , Mi , Ii , Zi ) (1.1) 

where

Ri navigation risk in ith section of the waterway, 
Ai area parameters, 
Qi ship parameters, 
Ni parameters of position determination systems, 
Hi hydrometeorological parameters, 
Mi parameters of the manoeuvre,
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Fig. 1.1 A general model of the waterway system with n sections 

Ii parameters of traffic intensity, 
Zi parameters of the traffic control system. 

The function of navigation safety (navigation risk) Ri is a variable dependent on indepen-
dent variables Ai, Qi, Ni, Hi, Mi, Ii, Zi, representing factors describing the system: ship– 
area–position determination system—prevailing hydrometeorological conditions—traffic 
intensity—traffic control system—manoeuvring tactics. 

Types of sea waterway differ in the parameters of: 

• area, such as minimum depth and available navigable area and the type of manoeuvres 
performed, 

• position determination systems, 
• traffic control system and waterway capacity. 

The system of waterways in terms of marine traffic engineering is composed of a number 
of sections. Each of the isolated sections of the waterway is composed of three basic 
elements: 

1. subsystem of the waterway characterised by the parameters of the area and the type of 
manoeuvre performed there; 

2. system of ship position determination, i.e. navigational subsystem, characterised by the 
parameters of navigational systems used in it; 

3. subsystem of traffic control is characterised by its parameters and waterway capacity. 

A general model of the waterway system is presented in Fig. 1.1.



4 1 Safety of Navigation in Restricted Areas

Every sea waterway has restrictions on the movement of vessels using it. These restric-
tions, called conditions of sea waterway operation or conditions of ship operation on a 
sea waterway, refer to: 

• parameters of ships using the waterway; 
• hydrometeorological conditions, where the traffic includes specific type ships; 
• parameters of vessel traffic intensity; 
• conditions of ship manoeuvring in the waterway, such as tug assistance or allowable 

speed. 

Given the above restrictions, we can present the navigation risk in ith section of a specific 
waterway defined by the area, navigational and traffic control subsystems, as a simplified 
function: 

Ri = f (Qi , Hi , Mi , Ii ) (1.2) 

with restrictions related to the waterway: 

Ai const; 
Ni const; 
Zi const. 

The parameters of the sea waterway restrict the movement of ships using it. 
The construction and operation of sea waterway and port area systems create two basic 

research problems (Gucma et al., 2015; PIANC, 2014): 

1. determine conditions of safe operation of ships in the existing sea waterway sys-
tem with known parameters, i.e. the state vector of safe ship operation conditions—a 
function of waterway system parameters: 

Wi = F1 

⎡ 

⎢⎣ 
Ai 

Nin  

Zim  

⎤ 

⎥⎦ (1.3) 

2. determine basic parameters of the built or modified sea waterway system (waterway, 
navigational subsystem, traffic control subsystem). The parameters of the sea waterway 
system are a function of designed conditions of safe ship operation (vector of safe ship 
operation conditions): 

⎡ 

⎢⎣ 
Ai 

Nin  

Zim  

⎤ 

⎥⎦ = F2(Wi ) (1.4)
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where 

W i conditions of safe ship operation (state vector); 
Ai subsystem of ith section of the waterway, determining the area parameters and the 

type of manoeuvre performed (area subsystem); 
Ni subsystem of ship position determination, characterising parameters of naviga-

tional systems in use (navigational system); 
Zi subsystem of traffic control, characterising its parameters and waterway capacity. 

The general topic of this monograph includes the former of the two research problems, 
discussed in more detail in Sect. 1.1. 

1.1 Conditions of Safe Operation of Ships in Restricted Areas 

Sea waterway systems and conditions of safe operation of ships manoeuvring in such sys-
tems are defined depending on the type of waterway and performed manoeuvres (Gucma 
et al., 2015, 2017; Kulczyk & Winter, 2003; PIANC 1997). Therefore, sea waterway 
systems can be divided into: 

• fairway (fairway passage manoeuvre) and port entrance (port entry manoeuvre); 
• turning basin (turning manoeuvre), port basin (berthing and mooring manoeuvres), 

lock (entry, departure, mooring). 

In each of these groups the conditions of safe ship operation are defined differently and, 
consequently, different methods of defining them are applicable. 

Anchorage has been deliberately excluded from this grouping, as the conditions of 
safe operation are different than in the other waterways in relation to ship parameters and 
allowable hydrometeorological conditions. 

Some systems, like seaports, are composed of a variety of waterways. A typical seaport 
is composed of the following types of waterways: 

• anchorage; 
• approach channel; 
• entry into port; 
• innner fairway (channel, river etc.); 
• port basin, including: 

– turning basin; 
– berth approach; 
– berth.



6 1 Safety of Navigation in Restricted Areas

Conditions of safe operation of ships in the waterway are described by a set of conditions 
of safe operation of a ‘maximum ship’ in ith section of the examined waterway (state 
vector). The set of conditions of safe ship operation on the waterway depends on the 
manoeuvre performed there. The following characteristic manoeuvres are distinguished, 
where conditions of safe operation of ships are defined differently: 

• ships manoeuvring unassisted; 
• ships manoeuvring with tug assistance. 

Sea ferries make up a separate group, always manoeuvring on their own even in much 
worse hydrometeorological conditions compared to conventional ships. 

Ships manoeuvring without tug assistance. Conditions of safe operation of ships 
manoeuvring unassisted are written as this set (Gucma et al., 2015): 

Wi = [typ, Lc, B, T , Hst , Vi , Mst , Hi ] (1.5) 

where 

typ type of ‘maximum ship’; 
Lc length overall of ‘maximum ship’; 
B breadth of ‘maximum ship’; 
T draft of ‘maximum ship’; 
Hst airdraft of ‘maximum ship’; 
Vi allowable speed of ‘maximum ship’ in ith fairway section; 
Mst power of bow thrusters (if any); 
Hi set of hydrometeorological conditions acceptable for ‘maximum ship’ in ith water-

way section. 

Hi = [d/n, .hi , Vwi , K Rwi , Vpi , K R  pi , h f i  , K R  f i  , z] (1.6) 

where 

d/n allowable time of day (daylight or no restrictions); 
.hi allowable drop of water level; 
Vwi allowable wind speed in ith section; 
KRwi wind direction restrictions (if any exist in ith section); 
Vpi allowable current speed in ith section; 
KRpi restriction of current direction (if any); 
hfi allowable wave height in ith section; 
KRfi wave direction restrictions (if any);
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Z minimum visibility. 

Notably, main propulsion power (M) is deliberately ignored due to its relatively small 
impact on the conditions of safe operation of typical cargo ships. 

Ships manoeuvring with tug assistance. Conditions of safe operation of ships manoeu-
vring with tug assistance are written as the set: 

W i = 
.
typ, Lc, B, T , Hst , Vi , nh, Uh, Mst , Hi 

.
(1.7) 

where 

nh required number of tugs engaged in manoeuvring; 
Uh required minimum total bollard pull of tugs engaged in manoeuvring. 

In the case of berthing manoeuvres, the set of conditions of safe ship operation assumes 
the following form: 

W hc i = [typ, Lc, B, T , Vn, nh, Uh, Mst , Hi ] (1.8) 

where 

Vn allowable berthing speed (normal to the shoreline). 

Sea ferries. Conditions of safe operation of sea ferries manoeuvring in ferry terminal 
basins are written as the set: 

W p i = [Lc, B, T , H , F, M, Mst , Hp] (1.9) 

where 

F lateral windage; 
M power of main propulsion; 
Mst power of bow thrusters; 
Hp set of hydrometeorological conditions acceptable for the considered ferry in a specific 

ferry terminal. 

H p = 
.
Vwd , K Rw, Vp, K Rp, h f i  , K R  f i  

.
(1.10)


