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IMO REFERENCE

SHIP/PORT INTERFACE
Availability of tug assistance

IMO’s Facilitation, Maritime Safety and Marine Environment Protection committees recognise  
the importance of providing adequate tug assistance in ports for ensuring maritime and port safety,  

the protection of the marine environment and the facilitation of maritime traffic. IMO has circulated  
a reference to Tug Use in Port to assist port authorities and port operators in assessing the adequacy  

of tug services in their ports.
(MSC.1/Circ.1101)
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FOREwORd 

One of the most delicate responsibilities of pilots occurs during berthing and unberthing operations. 
Carefully berthing a ship, often after a long pilotage mission, is almost a work of art.  Of critical assistance 
in this task is the support of tugs and their skippers. Today, this is probably true more than ever, as 
ships become ever larger, e.g., ultra large container vessels with their huge windage, while often being 
significantly less powerful or able to manoeuvre themselves in confined waters. These vessels may have 
proportionately smaller rudders coupled with engines that, often deliver less power, notably as a result of 
software-managed fuel consumption.

Furthermore, margins in ports and fairways are often small and a continuing occurrence of ship engine 
problems in port and port approaches can be noted. There is also an increased need for escort, such as for 
LNG carriers, bulk carriers and sometimes large container vessels. This all means that both masters and 
pilots greatly rely on the presence of powerful, manoeuvrable tugs aptly handled by skilful skippers. 

In addition, tugs are becoming more and more powerful and also more complicated. A small mistake can 
have big consequences. Therefore, highly experienced tug masters are required with proper knowledge of 
the capabilities and limitations of their tugs, including the risks involved when assisting ships.  

Thankfully, this guide by the renowned author Captain Hensen is now available in its 4th edition for all to 
learn from and refer to. Such is its relevance and authority that IMO itself has recognised its significance.

I am delighted to write the foreword to such a distinctive publication which is of immense benefit to my 
profession and, I know, to tug and ship masters too and to all other professionals involved in ship handling 
with tugs.

Simon Pelletier
President, International Maritime Pilots’ Association 
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This book is specifically written for maritime professionals involved in the day-to-day practice and 
training of ship handling with tugs, particularly pilots, tug masters and training instructors. It is also of 
great value to towing companies, shipmasters and mates of seagoing vessels, training institutes, and all 
other people or organisations involved, in one way or another, in tugs, tug operations and ship handling.

The basic principles of ship handling with tugs do not change very much. However, the tug world is fast 
changing, with the ongoing development of new tug types, the growth of environmentally friendly tugs, 
the increase of operations in areas with unfavourable conditions, the progress of automation on board 
tugs, smart navigation and collision avoidance systems and more. 

At the centre of these developments are the practical people – tug masters and crews, pilots and ship 
captains – who have to deal with new developments and should be able to handle newly designed tugs in 
the locations where they have to operate in a safe and efficient way. Training and effective training tools, 
therefore, become more and more crucial. For the same reasons training institutes should stay abreast of 
new developments.

This is not the only reason for training. Accidents still do happen – more than once with dramatic 
consequences for the tug master and/or crew – which is of continuous concern. The reasons why these 
accidents happen should be investigated carefully and findings be included in the training programs. 
When reading accident reports it can be concluded that very often a lack of experience and knowledge 
is the cause. It is therefore incumbent upon towing companies, port authorities, training institutes and 
trainers to ensure that tug crews are fully aware of the capabilities of their vessels. Despite all the safe tug 
designs, they are worthless if the people on board do not understand their capabilities and limitations, 
along with the risks involved and the safe procedures to be followed.

If training is carried out in an efficient and purposeful way by professional and experienced instructors, 
tug masters, pilots and ship captains will benefit from it, as will towing companies, shipping companies 
and port authorities. In addition, dedicated training and interaction between practitioners and designers 
will help the industry to achieve an ever-higher level of safety and efficiency. 

Safety starts at the highest organisational level. Top management of a company and department directors 
set the organisational structure, allocate resources and budgets and create the safety culture, but often they 
are distanced from the operation both in time and locality. The causes of accidents are often embedded in 
the way a company is organised, work is prepared, and changes are managed. From this perspective, risk 
management is an important issue, together with essential risk assessment tools.

This book focuses on safe and efficient ship handling with tugs either normal tug operations, operations at 
terminals, or escorting. Not all the relevant aspects of tugs and ship handling with tugs can be addressed 
in detail in a single volume, but I hope this book will act as a guide to the reader, while at the same time 
encourages further research in topics of interest. The references at the end of the book may prove useful.

It is again the author’s earnest hope that this fourth edition of the book will contribute to an enhanced 
safety culture, an improved knowledge of tugs through nautical colleges, training institutes or by self study, 
and will lead to increasing safety during ship handling operations with tugs in ports, port approaches and 
offshore terminals around the world.

Henk Hensen
June 2021

AUTHOR’S PREFACE
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To complete a book like this, the knowledge and experience of people across a wide range of disciplines is needed. It is most 
surprising how many people were so helpful in sharing their knowledge and experience with me. It enabled me to create an 
update of the book Tug Use in Port in the best possible way. As the author I am very grateful for the generosity of all these 
people and their organisations.

I will start by thanking all those who have provided photos or permitted the use of their photos from the collections shown on 
internet. Their names are mentioned with the photos in the book. 

Many maritime professionals have helped in one way or another based on their knowledge and practical experience in ship 
handling with tugs. The marine pilots who have helped: John Betz, Los Angeles Pilot Service; Wim van Buuren, Rotterdam 
pilot, simulator instructor; Rafael Cabal Alvarez, Barcelona pilot, co-ordinator and instructor of the New Technologies course 
for Spanish pilots; Luke Felsinger, Gladstone marine pilot, Dir AMPI, and Sergei Shabal, pilot, St Petersburg, Russia. 

The harbour masters: Captain Paul Bryant, Deputy Harbour Master, Shetland Islands Council; Harbour Master, Associated 
British Ports Southampton, and Cor Oudendijk, former COO, Port of Amsterdam. 

I also acknowledge the help of tug masters and representatives from several towing companies:
Pierre Jourdain, tug master and ice pilot; Gregory V Brooks, tug master, Principal Towing Solutions Inc; Arie Nygh, FNI, tug 
master/instructor, Managing Director, SeaWays Consultants Pty Ltd; Daan Merkelbach, Manager Training and Consultancy, 
Tug Training  & Consultancy BV; Roger Ward, former tug master and Operational Manager, Marine Consultant; Jarkko Toivola, 
Director/Vice President, Alfons Håkans Øy,Turku; Anna Fong, Senior Management Executive, Corporate Services Department, 
PSA Marine (Pte) Ltd.; Andy Perry, Regional Marine Manager-Fleet & Operations, Svitzer Australia Pty Ltd; David Mcinnes, 
Svitzer Fleet Training and Check Master, Fleet & Operations Australia; Scott Ward, HSEQ Marine Standards Officer UK, 
Svitzer; Hiroyuki Saito, President Tokyo Kisen Co Ltd; Sveinung Zahl, Fleet Manager Towage, Østensjø Rederi AS; Carl Pepin, 
MBA Director Operations, Towing and Navigation, Ocean Group, Québec; John Armstrong, Marine Advisor, Saam Smit 
Canada Inc, and Brent Lirette RG, Operations Manager, Edison Chouest Offshore Alaska. 

Of great importance for this book has been the contribution of naval architects, maritime researchers and research and training 
institutes. Therefore I am thankful for the help of naval architects Dr Markus van der Laan, Owner IMC Corporate Licensing;  
Arie Aalbers;  Frans Sas, SASTECH; and of James R Hyslop, Manager, Project Development Principal, Robert Allan Ltd.

Likewise, the professionals of research and training institutes MARIN (Maritime Research Institute Netherlands) Johan H de 
Jong, MSc, International Co-operation; Dr Thijs Hasselaar, MSc, Project Manager, Trials & Monitoring and Jos van Doorn, Msc, 
Manager MARIN's Nautical Centre MSCN. Furthermore, Ismael Verdugo, Technical Director SiPort21; Vladimir Ponomarev, 
Vice President  Solutions, Transas Marine Ltd, Ireland;  Peter Jensen Schjeldahl, MScEng, PhD, Senior Specialist Simulation, 
Training & Ports, Force Technology, and Cliff Beazley, AM FNI, Managing Director, Port Ash, Australia.

The contributions of Gordon Meadow MSc, PgCLTHE, PgCERM, FHEA, Associate Professor Warsash School of Maritime 
Science and Engineering, Southampton Solent University; Salman Nazir, PhD, Associate Professor, Head of Training and 
Assessment Research Group (TARG), University College of Southeast Norway, and Sathiya Kumar Renganayagalu, Doctoral 
Research Fellow, Faculty of Technology, Natural Sciences and Maritime Sciences, Department of Maritime Operations Campus 
Vestfold, are also highly appreciated.

I am very grateful to the maritime organisations that have been willing to share their knowledge : Gijsbert de Jong, Marine 
Marketing & Sales Director, Bureau Veritas Marine & Offshore; SJ Banfield, Managing Director, Optimoor; John Vanezos, 
Technical Secretary, IACS; Rob Drysdale, Senior Technical Advisor, Oil Companies International Marine Forum (OCIMF); 
Cherian Oommen of Sigtto; Deborah McKendrick, Information Officer, The International Tanker Owners Pollution Federation 
Ltd (ITOPF); Naa Sackeyfio, Information Data Analyst ITOPF; Captain John Rose MNM, ExC, Director (Maritime), CHIRP; 
Linas Kasparavičius, Head of the Maritime Supervision, Division Maritime Department, Lithuanian Transport Safety 
Administration; Oessur Jarleivson Hilduberg, Head of DMAIB, and Svein Erik Enge, Emergency Preparedness Advisor, 
Inspection and Emergency Preparedness, Norwegian Maritime Authority.

Alan Sorum – Maritime Operations Project Manager, Prince William Sound Regional Citizens’ Advisory Council, Valdez, 
Alaska, was also very helpful in providing updated information, as were Bernabe Gallardo, Application Engineer II, 
SamsonRope; Sarah Padilla, Technical Director, Cordage Institute; Peter Solis, Senior Marine Consultant, Glosten, and Hans 
van de Veen, Consultant Ropes-Towing Gear.

ACKNOwLEdGEMENTS
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Justus Schoemaker, Dujam Desk KK, Tokyo, Japan, was a helpful intermediary, as was Alan Loynd, Managing Director, 
Branscombe Marine Consultants Ltd, Hong Kong, and Sandra de Koster, Regional Co-ordinator, E-commerce, MOL (Europe) 
B.V.

Dirk Degroote, Product Manager Tugs; Joop Jansen, Manager Research & Development; Jochem de Jong, Principal Research 
Engineer; Leo de Jong, Design and Proposal Engineer Tugs, and Tim van den Heuvel, Development Engineer, of Damen 
Shipyards, were always ready to answer my questions and provide me with the requested information.
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LTZ2 A.A. (Bram) Kool of the Dutch Royal Navy, and Captain Max A. Newman D, Tugboat Operations Manager, Operations 
Vice-presidency, Panama Canal, about tug assistance for aircraft carriers and submarines. The same applies to Tony Bannister, 
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Assisting methods  The term used to describe the way in which harbour tugs assist seagoing vessels.
   Breasted/alongside towing: A tug securely lashed alongside a ship, usually with a minimum of three lines: 
   head line, spring line and stern line. Also called ‘on the hip’ or ‘hipped up’.
   Push-pull: A tug made fast so that it can pull as well as push at a ship’s side. Depending on the type of 
   tug, its location and the assistance required, it can be secured with one, two or three lines.
   Towing on a line: A tug assisting a ship while towing on a line as is in common use in many European ports.
BHP (winch)  Brake Holding Power of the winch, which applies to the first layer on the drum.
Box keel   An enclosed keel structure extending from the aft skeg (if fitted) to a point close to the forefoot of a 
   tug. A box keel is sometimes installed on ASD escort tugs to provide a better course stability on astern 
   and additional lift forces, resulting in higher towing forces, when operating as stern tug in the indirect 
   towing mode. A box keel gives additional strength to the tug's hull and provides a better distribution of
   dock forces when in dry-dock.
Classification of ship types AHT – Anchor Handling Tug
   AHTS – Anchor Handling Tug/Supply vessel
   DVS – Diving Support Vessel
   ERRV – Emergency Rescue Response Vessel
   FS  – Field Support Vessel
   IFS – Infield Support Vessel
   OMV – Offshore Maintenance Vessel
   OCV – Offshore Construction Vessel
   OR – Oil Revovery Vessel
   PSV – Platform Support Vessel
   SSV – Safety Standby Vessel
   SURV – Survey Vessel
   SV – Supply Vessel
CCTV   Closed-circuit television. A TV system in which signals are not publicly distributed but are monitored, 
   primarily for surveillance and security purposes.
CFD   Computational Fluid Dynamics (CFD) is the analysis of fluid flows along moving ship hulls using numerical  
   solution methods, including waves along the surface. CFD requires extensive computer calculations, but due  
   to the ever increasing computer calculation capacity, this method is increasingly being used in ship design  
   and prediction.
Classification Society The objective of ship classification is to verify the design, production and operation of a ship and all of 
   its components. Classification societies aim to achieve this objective through the development 
   and application of their own rules. The main classification societies are ABS (American Bureau of 
   Shipping), DNV GL (Det Norske Veritas – Germanischer Lloyd), LR (Lloyd’s Register) and BV (Bureau 
   Veritas). IACS is the International Association of Classification Societies.
Computational Fluid Dynamics 
   The use of applied mathematics, physics and computational software to visualise how a gas or liquid 
   flows, as well as how the gas or liquid affects objects as it flows past.
Course stability and directional stability 
   Course stability is also called dynamic stability, stability of route or dynamic stability of route (see 
   References: Hydrodynamics in Ship Design, Vol I . H.E. Saunders). It is that property of a ship (which 
   includes tugs) that, when disturbed, damps out extraneous motions set up by the disturbance and to 
   reduce them progressively to zero. Course stability should not be confused with directional stability, 
   which is, strictly speaking, the ability of a ship to follow a certain direction, eg by means of an automatic 
   steering system. A ship closely following a selected heading has directional stability but may be course 
   unstable (see below), which results in frequent rudder (or thruster) actions to hold the ship on its course.
Course stable ship With a constant position of the steering systems (rudders, thrusters, etc), a ship is defined to be course stable 

if, after experiencing a brief disturbance, it will resume the original manoeuvre without any use of the means 
of steering. Course stability on a straight course, with the rudder in the equilibrium position, is mostly only 
considered. A turn initiated by a brief disturbance of a course stable ship will thus not continue. However, after 
the disturbance has vanished, the actual course of the ship will generally be altered. A course stable ship needs 
relatively large rudder angles for course changing. A course stable ship has good yaw checking ability.

Course unstable ship A ship is called course unstable, if, after it is disturbed, it will immediately start to turn. Course 
   changing, with relatively high rates of turn, can be achieved with relatively small rudder angles. A 
   course unstable ship therefore generally has poor yaw checking ability.
Cross lines/gate lines Separate lines from either side of the tow to the opposite quarter of the tug or the opposite side of the 
   tug's H-towing bitt.

GLOSSARY OF TERMS
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CRT   Carrousel RAVE (Robert Allan Voith Escort) Tug – a tug with one Voith Schneider propulsion unit 
   forward and one aft. It has a ring around the wheelhouse along which the towing winch and towing 
   point travel.
Dead ship  A ship which cannot use her own propulsion.
Density of air as used 1.28kg/m3

Density of sea water as used 1,025kg/m3

DOF   Degrees of freedom refers, among other things, to the ability of simulators to reproduce ship and tug 
   motions, whether by the projection screen or by a hydraulic platform. Ship and tug motions are 
   expressed in sway, surge and yaw, being the motions in the horizontal plane, and heave, pitch and roll, 
   being the motions in the vertical plane. There are in total six degrees of freedom of movement for a 
   vessel that is unrestricted in its motions.
DOT   Dynamic Oval Towing: A system whereby the towing point travels along an oval ring around the tug’s 
   superstructure.  
Escort tugs  Tugs specifically built for escorting at high speeds.
Escorting tug  Any type of tug escorting a ship underway.
FLNG   Floating Liquefied Natural Gas
F(P)SO   Floating (Production) Storage and Offloading Unit.
FSRU   Floating Storage and Regasification Unit
Free sailing  A tug sailing independently.
Girting   Risk of capsizing, especially with conventional tugs, due to high athwartships towline forces. Also 
   known as girding, girthing or tripping.
Gob rope/gog line  A rope or steel wire used on conventional tugs to shift the towing point.
HMPE   High-modulus polyethylene fibre, under the trade names Spectra and Dyneema, used for high 
   performance ropes.
Hockle   Kinking or twisting of a strand in a rope which makes it unfit for use.
IMO   International Maritime Organization.
Lateral centre of pressure 
   The point of application of the hydrodynamic forces in the longitudinal centre plane of a ship or tug 
   This point changes with varying angle of attack of the incoming water flow and with draft, trim and 
   heel.
Lbp   Length between perpendiculars.
LOA   Length overall.
LWL   Length at the waterline.
MBL   Minimum Breaking Load (of a rope).
Maritime Autonomous Surface Ships (MASS) 
   Defined by IMO as a ship which, to a varying degree, can operate independently of human interaction.
GM   Initial Metacentric Height.
Messenger  A light rope attached to the towline in order to heave the towline on board a ship.
Norman pins  Short iron bars fitted in the gunwales of the transom to prevent the towline from slipping over the side 
   gunwales. Sometimes called ‘king pins’.
Nozzle   A tube around the propeller to increase propeller performance. The nozzle can be fixed or steerable.
OCIMF   Oil Companies International Marine Forum.
PIANC   Permanent International Association of Navigation Congresses.
Pendant/pennant  A separate part at the final part of a towline which is most liable to wear on board an assisted ship, at 
   ship's fairleads, etc. The pendant can be of different construction to the towline.
Pen (tug pen)  A tug pen is a special protective berth from cyclonic winds and is enclosed on three sides.
Propulsion (types of) Azimuth propellers: 360° steerable propellers, which can deliver thrust in any direction. 
   Also called: ‘Z-pellers’, ‘Rexpellers’, ‘Duckpellers’ (azimuth propellers in nozzles).
   CPP: Controllable pitch propeller(s).
   FPP: Fixed pitch propeller(s).
   VS: Voith Schneider propulsion: propulsion system with vertical propeller blades, also called 
   cycloidal propulsion system.
PRT   Prevention and Response Tug.
Significant wave height 
   The approximate wave height as seen by an experienced observer when estimating the height visually.
Snag resistance  Resistance of a rope to single yarns being pulled out of the rope when it slides along a surface, such as 
   over a deck or through a fairlead. A snag is a loop of a yarn.
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SPM   Single Point Moorings.
Sponson   A strongly flared section in the side of a tug, commencing at or just below the waterline, which results 
   in substantial increase in deck area and reserve buoyancy without increasing the beam at the waterline.
Stemming  A tug coming under the bow of a ship at speed.
Stretcher   That part of a towline, between the original towline and pennant, which absorbs the dynamic forces in 
   the towline. Also called a spring and often made of nylon, polyester or a polyester/polypropylene 
   combination.
Towing point  Point of application of the towline force. It is the point from where the towline goes in a straight line 
   towards the ship.
Towline   A flexible hawser used for towing purposes.
Tripping   A tug towing on a line swinging around and coming alongside a ship's hull due to excessive speed by 
   the ship in relation to a tug’s capabilities and towing angle. The expression ‘tripping’ is also used for 
   girting.
Tug/engine power BHP Brake Horse Power: power delivered by the engine.
   SHP: Shaft Horse Power: power delivered to the propeller shaft (approximately 97% of BHP).
   BP: Bollard Pull, which in this book is expressed in the practical units of tons, equal to 
    1,000 kgf (= 9.80665 kN).
   MCR: Maximum Continuous Rating (of tug engine).
Ton   The practical unit used in this book for force, eg for bollard pull, equal to 1000 kg force, and for 'weight', 
   equal to 1,000kg.
Tug simulation 

   Interactive tug: A tug simulated on a bridge manoeuvring simulator, able to interact with other 
     bridge manoeuvring simulators, which are simulating other tugs and/or the assisted 
     ship.
   Vector tugs: Tugs simulated by just a force vector.
UHMW polyethylene (UHMW PE) 
   Ultra High Molecular Weight polyethylene. Material used for dock fendering and for fenders of tug 
   boats at places where a low friction coefficient is required.
VS-tug   A tug with VS propulsion.
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Figure 0.1: Reverse tractor tugs Seaspan Falcon (LOA 24.6m, beam 9.8m; BP ahead 39 tons) and Seaspan Eagle  
(LOA 28.2m, beam 12.6m, BP 71 tons) keeping bulk carrier alongside. Photo: SeaspanMarine, Canada

The contents of this book are outlined below.

•	 A general review is presented first of factors which affect 
operational requirements for a harbour tug, such as the 
different tasks for which they are used, the particulars of 
a port, the environmental conditions and ships calling at 
the port.

•	 The various types of harbour tug are discussed in 
a general way, addressing the diversity of design, 
propulsion, steering and manoeuvring capabilities.

•	 After reviewing assisting methods in use worldwide, 
tug types are considered in more detail, including the 
performance of different types of tug resulting from the 
location of propulsion devices, towing point and lateral 
centre of pressure. Tug capabilities, limitations and 
effectiveness with respect to different assisting methods 
and operating positions relative to a ship are discussed.

•	 The number of tugs required to handle a vessel safely 
is frequently a topic for discussion between pilots and 
shipmasters. This important subject is discussed taking 
into account the effects of wind, current, shallow water 
and confined waters. The number of tugs and total 
bollard pull used in several ports around the world is 
mentioned.

•	 Much attention is given to dangerous operational 
situations for tugs, such as interaction and girting, and 
to environmental conditions such as fog.

•	 Towing equipment is dealt with, particularly in relation 
to safe and efficient shiphandling.

•	 Escorting and escort tugs, being a subject of specific 
interest nowadays, is dealt with separately.

•	 Proper training for a tug captain and crew is essential in 
order that they handle the tug safely and efficiently. The 
same applies to the pilot and/or master for shiphandling 
with tugs. Training is therefore an important subject in 
the book, including simulator training and research.

•	 Risk assessment and safety management systems are 
important items with respect to safety and are dealt with 
in a separate chapter.

All subjects are, as far as possible, related to situations 
encountered in practice.

TUG USE IN PORT: THE OVERVIEW


