
Synthesis Lectures on
Ocean Systems Engineering

Alexander Olsen · Pamela Rossi Ciampolini

Ballast Water 
Treatment 
and Exchange 
for Ships



Synthesis Lectures on Ocean Systems 
Engineering 

Series Editor 

Nikolas Xiros, University of New Orleans, New Orleans, LA, USA



The series publishes short books on state-of-the-art research and applications in related 
and interdependent areas of design, construction, maintenance and operation of marine 
vessels and structures as well as ocean and oceanic engineering.



Alexander Olsen · Pamela Rossi Ciampolini 

Ballast Water Treatment 
and Exchange for Ships



Alexander Olsen 
Southampton, UK 

Pamela Rossi Ciampolini 
Boston, UK 

ISSN 2692-4420 ISSN 2692-4471 (electronic) 
Synthesis Lectures on Ocean Systems Engineering 
ISBN 978-3-031-56244-0 ISBN 978-3-031-56245-7 (eBook) 
https://doi.org/10.1007/978-3-031-56245-7 

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature Switzerland AG 
2024 

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether the whole 
or part of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information storage 
and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now known or 
hereafter developed. 
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication does 
not imply, even in the absence of a specific statement, that such names are exempt from the relevant protective 
laws and regulations and therefore free for general use. 
The publisher, the authors and the editors are safe to assume that the advice and information in this book are 
believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the editors give 
a warranty, expressed or implied, with respect to the material contained herein or for any errors or omissions that 
may have been made. The publisher remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations. 

This Springer imprint is published by the registered company Springer Nature Switzerland AG 
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland 

Paper in this product is recyclable.

https://orcid.org/0000-0002-4251-8487
https://orcid.org/0009-0001-6891-5114
https://doi.org/10.1007/978-3-031-56245-7


Preface 

The inadvertent transfer of harmful aquatic organisms and pathogens in a vessel’s ballast 
water has been scientifically proven to cause significant damage to many of the world’s 
coastal regions. The international maritime community, under the leadership of the Inter-
national Maritime Organization (IMO) has developed several policy documents, including 
the International Convention for the Control and Management of Ship’s Ballast Water 
and Sediment, 2004, (Ballast Water Management Convention or the ‘Convention’), which 
are aimed at preventing the introduction of unwanted aquatic organisms and pathogens 
through the discharge of ballast water and sediments. The Ballast Water Management 
Convention applies to (a) all vessels registered under any Flag which is party to the Con-
vention and (b) to those vessels registered with a Flag State who are not party to the 
Convention but who are operating in the waters of a country that is party to the Conven-
tion. As noted above, the Convention entered into force in 2004 and has since been readily 
adopted by many Flag and Port States including Canada, France, Germany, the UK and 
the United States. These Flag and Port States have, in addition to the Convention, estab-
lished national frameworks and regulations mandating the safe exchange of ballast water, 
and thereafter supplemented with evidence to support the exchange took place (ballast 
water records) in accordance with the provisions of the Convention/national regulations 
(whichever is deemed stricter). 

As a means to prevent, minimise and ultimately eliminate risk to the environment, 
human health, property and resources arising from the transfer of harmful aquatic organ-
isms and pathogens through the control and management of vessel’s ballast water and 
sediment, as well as to avoid unwanted side-effects from that control, the Convention 
requires vessels to conduct a ballast water exchange or be fitted with an approved ballast 
water management system. It is noted that several studies have shown that the effec-
tiveness of ballast water exchange varies and is dependent on the vessel type (design), 
exchange method (sequential, flow-through and dilution methods), ballasting system con-
figuration, exchange location, weather conditions and vessel’s trading pattern. For these 
reasons (and others), it has been determined that ballast water exchange does not provide 
adequate protective measures to prevent damage from organisms and pathogens carried 
in a vessel’s ballast, even though exchange was considered to be acceptable as an interim
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solution. The installation of ballast water management systems (or ballast water treatment 
systems), designed, reviewed, approved, installed and operated to satisfy an agreed-upon 
ballast water discharge performance standard has been determined by the international 
marine industry to provide a more effective means to prevent, minimise and ultimately 
eliminate the transfer of organisms and pathogens via vessel ballast discharge, when 
compared to ballast water exchange. 

One of the key strategies incorporated into the Ballast Water Management Convention 
is ballast water exchange (BWE). Ballast water exchange is the process of exchanging 
coastal water, which may be fresh water, salt water or brackish water, for mid-ocean 
water. During the exchange process, biologically laden water taken on in the last port 
of call is flushed out of the ballast tanks with open ocean water, typically 200 nautical 
miles from the nearest land. Scientists, specifically Marine Biologists, have determined 
that marine organisms and pathogens are, in general, less numerous in the open ocean and, 
due to changes in the water’s chemistry, temperature and salinity would be less likely to 
survive once they are discharged into the near shore receiving waters. 

While the vast majority of vessels are capable of conducting ballast water exchange, 
and the procedures do not typically require any special structural modifications to most 
of the vessels in operation, it does present challenges for designers, builders, owners and 
operators. These challenges include over-pressurisation or under-pressurisation of tanks, 
longitudinal strength and transverse stability concerns, as well as manoeuvrability issues. 
To assist the marine industry, many leading classification societies have issued guidance 
on the exchange of ballast water, such as the Advisory Notes on Ballast Water Exchange 
Procedures from the American Bureau of Shipping in October 1999 and the 2019 Best 
Practices for Operations of Ballast Water Management Systems Report. The ABS Advisory 
describes the implications associated with ballast water management and ballast water 
exchange using 14 typical vessels as examples. While the findings contained in the ABS 
Advisory focused on existing vessels, many of the conclusions can also be applied to assist 
in the development of new buildings. However, it is to be noted that the details provided 
in the ABS Advisory are vessel-specific and that the information contained therein are 
to be viewed as typical and provide representative values that might be obtained for any 
single vessel and are highly dependent on the vessel’s design and structure, which may 
vary greatly from one vessel to another. 

To that end, this book is intended to provide vessel designers, builders, owners, and 
operators of vessels guidance on the requirements for obtaining the optional classification 
notation associated with ballast water treatment and exchange. The ballast water treat-
ment/exchange notation identifies a level of compliance with the applicable regulations 
contained in the IMO International Convention for the Control and Management of Ships’ 
Ballast Water and Sediments, 2004, as well as those IMO guidelines referenced in the 
Convention addressing ballast water treatment and exchange. Importantly, it includes ref-
erences to contingency measures developed by the Committee, updates to IMO/MEPC 
resolutions, and incorporates the latest amendments to regulation B-3 (Implementation
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schedule). It also adds requirements for mobile offshore units (MOU) and mobile off-
shore drilling units (MODU) for assessment with approved operation manuals and AVCG 
curve. 

Authors Note 

This book should be read in conjunction with other Rules published by Class and of 
course IMO guidelines. Readers of this book acknowledge and agree that the author is 
not responsible for a vessel’s operation pertaining to ballast water exchange and shall bear 
no liability for such operations. This book references relevant international regulations and 
guidelines that are considered to be applicable. While it is the intent of the author to be 
consistent with these relevant regulations and guidelines, it is the ultimate responsibility 
of the reader to refer to the most recent texts of those regulations and guidelines. 

Southampton, UK 
February 2024 

Alexander Olsen 
Pamela Rossi Ciampolini 

Acknowledgements To all those who have contributed to, and supported, the writing of this book, 
the authors extend their sincerest thanks and warmest regards.
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Part I 

Ballast Water Treatment



1Vessels with Ballast Systems Classification 
and Documentation 

1.1 General 

The inadvertent transfer of harmful aquatic organisms and pathogens in the ballast water 
of ships has been scientifically proven to have caused a significant adverse impact to 
many of the world’s coastal regions. The international maritime community, under the aus-
pices of the International Maritime Organisation (IMO) has developed several documents, 
including the International Conventions for the Control and Management of Ship’s Ballast 
Water and Sediments, 2004, (Ballast Water Management Convention), which are aimed 
at preventing the introduction of unwanted aquatic organisms and pathogens through the 
discharge of ballast water and sediments. The Ballast Water Management Convention 
applies to vessels registered in a country which is party to the Convention and to those 
vessels registered in other countries when operating in the waters of a country which is 
party to the Convention. As a means to prevent, minimise and ultimately eliminate the 
risk to the environment, human health, property and resources arising from the transfer of 
harmful aquatic organisms and pathogens through the control and management of vessel’s 
ballast water and sediment, as well as to avoid unwanted side-effects from that control, 
the Convention requires vessels to conduct a ballast water exchange or be fitted with an 
approved ballast water management system. It is noted that several studies have shown 
that the effectiveness of ballast water exchange varies and is dependent on the vessel type 
(design), exchange method (sequential, flow-through and dilution methods), ballasting 
system configuration, exchange location, weather conditions and vessel’s trading pattern. 
For these reasons (and others), it has been determined that ballast water exchange does not 
provide adequate protective measures to prevent damage from organisms and pathogens 
carried in a vessel’s ballast, even though exchange was considered to be acceptable as an 
interim solution.
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