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ABSTRACT

Inland waterways have proven to be a significant mode of infrastructure for the
carriage of freight. Examples of this can be seen in many developed regions such as
Continental Europe, the United States of America and to a lesser extent, the United

Kingdom. The benefit resulting from the existence of waterways are enormous in both
transportational and non-transportational benefits. Hence there are considerable

benefits which will result from a sustained development of waterways.

This study identifies all relevant parameters associated with the waterways system.
They include the waterway route, the barge provision to carry the cargo and terminal
facilities as an interface point for cargo handling operations. Methods have been
determined to enable various costs to be estimated. This estimating procedure can
be very useful for a preliminary evaluation of development proposals pending a more

detailed cost analysis. Estimated benefits can also be quantified at this preliminary
stage.

Data has been collected from a number of reliable sources. Models have successfully
been generated and each model has been validated to an acceptable level of
accuracy. The analysis has been applied to a proposed development of an inland
waterway transportation system in the Klang Valley region of Malaysia. The results

indicate viability for the scheme and, moreover, show the degree to which designers
and planners can benefit from the use of the models.
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Introduction




CHAPTER ONE

INTRODUCTION

1.4 General overview

The historic importance of inland waterways as centres of development of civilisation and
then industry is self evident. However, since the industrial revolution in United Kingdom
and elsewhere, the importance and utilisation of inland water transport have experiencéd
fierce competition from other modes of transport. Despite their fast speed and flexibility
however, these other modes have contributed significantly to both congestion and

environmental damage owing to their explosive and even now, unchecked growth and

hence become relatively uneconomic.

Recently however, a realisation is growing that the inland waterways, either rivers or
canals, provide new opportunities for further development as a complementary or as an
alternative transport to the existing road and rail networks wherever necessary. In a
geographical area with difficult terrain, but with substantial river or inland waterway
systems, the option provides real economic development potential where conventional
transport systems are currently unavailable, or so congested that economic development is
threatened [1]. In such situations, the development is any case concentrated.

For instance, by linking estuaries and navigable rivers or canal systems by the early
nineteenth century, Britain had succeeded in creating its first truly nation-wide integrated
system of communications. More recently, the legal, technical, financial, economic and
operational aspects of inland waterways transportation system have been extensively
discussed and published [1].

Since the future demand for transport, both in terms of quantity and type is difficult to
predict, the major consideration for transport operators must be how to adapt rapidly and



effectively to changes of technology, market and government policy. The key elements in
the promotion of the inland waterway transport are therefore flexibility [2], low cost of
transport, energy efficiency and low adverse environmental impact.

This study investigates and identifies the underlying requirements, infrastructure and
economic aspects of extensively navigable inland waterway transport systems. Such
systems can serve to enhance local economic activity, provide an efficient transport
mechanism between inland and sea ports and provide a much needed alternative to
existing road and rail services. As an important by-product, an efficient inland waterway
transport system could also be utilised for leisure and tourism industries.

1.2 Project background

Malaysia as a maritime nation is experiencing economic prosperity. Rapid economic
growth has created a demand for greater transport capacity to move commercial goods
within the country. However, heavy reliance upon road and rail networks for the movement
of these goods has consequently resulted in congestion and environmental problem

particularly on strategic routes and in certain regions [3].

The geographical location of the country provides numerous development opportunities in
the port and maritime sectors including the inland waterways. The reasons for the current
restricted utilisation of inland waterways in Malaysia are in general, political rather than
technical or topographical [4]. If all modes of transport to serve the industry were treated
comparably, greater use of inland waterways would aimost certainly result. Government
and policy makers could consider to developing all modes of transport system according to
their compatibility and flexibility, economically or even technically.

Due to their nature, inland waterways are most suitable to carry bulk cargoes, petroleum
products and hazardous cargoes [5]. Containers too can be transported via inland
waterways where economically viable. They can serve not only as an environmentally
friendly mode of transport, but also provide the cheapest transport cost per tonne-kilometre
of freight movement for high load factors [6]. The use of inland waterways to a far distant



location in an inland area will reduce the distance travelled on road or rail, hence reducing
operating cost and congestion problem. Given the opportunity and vision, Malaysia too can

develop and enjoy the benefits of utilising an inland waterway transport system.
1.3  The aim of the study

The primary aim of the project is to study the development of the inland waterway
transportation network system in Malaysia as a complementary transport mode in regions
of road congestion and as a method of developing hitherto inaccessible regions. The study
considers the role of inland waterways as an integral part of a wider multi-modal transport
system in the sense of interchange piatform and network synchronisation.

The study has also analysed the investment requirements for waterway channel
improvements and new developments that are necessary for future projected freight
capacities. In addition, the investment requirement of inland waterway carriers for freight
transportation was evaluated to determine the required costs. Similarly, inland terminals
serving both the carriers and freight on the inland waterways, were analysed to determine

the inland terminal requirement levels and costs.

The overall objective was to model infrastructure investment requirements and investment
and operational costing strategies in order to assess the development of an inland
waterway network as a viable transport altemnative. A financial and economic analysis was

carried out to determine the viability and feasibility of the proposed development for the
decision making processes.

14 The scopes of the study

The study starts with an identification of inland waterways' infrastructure requirements
through a literature review as shown in the preceding chapters of this study. This is

followed by data gathering on costs of developing, operating and maintaining the
Infrastructure and finally the analysis in the areas indicated in the following paragraphs to



produce the generic development cost model. The model has been applied to the problems
and benefits associated with inland waterway development in the Klang Valley, Malaysia.

The scopes of study were as follows:-

. Identification of key requirements of inland waterway transport systems in terms of
usage and geography. These will include the channel cross-section dimensions,
vessel type and size and terminal type and facility requirements.

i, The analysis of costs data assobiated with providing, developing, operating and
maintaining the systems for the construction of the model.

. The application of a appropriate financial and economic analysis methods for
evaluation of the development at present and specifically the future development.

1.5 Programme of the study

The work began with a review of a number of significant waterway systems in the UK and
the Rhine and its tributaries system in Europe. UK examples included the Aire and Calder
Navigation (ACN), Sheffield and South Yorkshire Navigation (SSYN) and Manchester Ship
Canal (MSC). The review led to the identification of some of the major parameters relating

to waterway development, hence underpinning the idea of the proposed model structure.

This preliminary work included:-

) Studying existing systems in terms of facility requirement, operational methods and
their management.

1) Studying the network capacity in relation to the industrial environment.

ii) Studying the cost structures of the system from the initial investment, operational

and maintenance requirements.
iv) Studying the financial and economic benefits in relation to the ongoing and new

iInvestment requirements.



The preliminary work and data gathering stages were accomplished by carrying out a
literature review, visits to several companies and through personal communications. Data
analysis was carried out to generate equations to form the required model. The model was
validated through an application to a real waterway development in the past. Some
corrections and adjustments were made to ensure the validity and integrity of model.

The study has extracted generic factors from the preceding preliminary studies as a
template for the development of the waterway system in Klang Valley, Malaysia. The work
was applied to the derived template to estimate the costs for developing, operating and
maintaining the inland waterway transport system. Finally the work analysed the financial

and economic viability of the proposed waterway.

1.6  Anticipated result of the study

The study was expected to provide a sound feasibility basis through analysis of the
selected case studies in terms of their technical and economic aspects. The study provides
a universal generic template or guidelines for the future development and/or improvement
of existing inland waterway transport system using the technigue or methodology derived

from the study.

The principles which were established in this work is hereby, with regards to their
relevance to inland waterways as integral industrial transport systems, available for
adaptation to other countries and have the potential for adoption into transport syllabi. The
study may subsequently evolve important material for decision makers to enable them to
evaluate the potential use of inland waterway transport systems. Finally this study provides
a general foundation of academic knowledge in the field of inland waterway fransport.

1.7  The structure of the thesis

The work evolved in a number of stages. It began with a data collection and analysis to
generate models. The models were validated to assess the accuracy through case studies.

The models were applied to the Malaysian case study to Identify transport requirements



and costs pertaining to providing the inland waterway transport system. Later, the financial
and economic analysis were carried out to determine the viability or feasibility of the

proposed scheme. The thesis chapters are outlined as the following paragraphs:-

Chapter 1:
This chapter describes the research background including outlines of the primary aims of

the study, the specific scope of the work and the anticipated results.

Chapter 2:
Identifies relevant parameters of the transportation system including the waterways track,

inland waterway carriers and terminal requirement and facilities. It further ldentifies the
roles, advantages and disadvantages of inland waterway transport. It also studies the past
development of commercial inland waterways in the UK and elsewhere. Finally it discusses
a number of past modelling studies of transport systems relevant to this study.

Chapter 3:
This chapter identifies information and data on waterways construction requirements and

costs for construction the waterway's track components. This includes channel dredging,
bank and bed protection, locks, bridges, etc. The costs considered includes the initial
investment costs plus operating and maintenance costs. All these were analysed to
generate graphs and equations to form the inland waterways track model.

Chapter 4:
This chapter analyses a specific type and size of inland waterway carrier required to

transport freight on a specific waterway route. Data were analysed to generate model
which can be used to determine carrier's dimensions for a given size as well as be able to

estimate the capital and various annual operating costs of the particular carrier.

Chapter 5:
The final model derived from this study is a port or/and terminal model. Specifically, dry

bulk and container terminals were selected for the analysis. The study identifies the
terminal facility and cargo handling equipment requirements based on future projected
cargo flow in port. The model was derived for the use in the estimating of the capital

development as well as the operating and maintenance cost of terminals.



Chapter 6:
The models were applied to the past developments of Sheffield and South Yorkshire

Navigation (SSYN) and St Aidan Canal for validation of models. The validation indicates
that the model has an acceptable level of accuracy. This chapter also discusses the
consolidation of models before application of models can be considered.

Chapter 7:
The model was applied to a Malaysian case study for a proposed development of River

Klang as an inland waterway transport system. This waterway is intended to provide an
alternative to existing road and rail for transportation of freights to and from Klang Port

through Kuala Lumpur City areas. A specific vessel type and size including a 10% cargo
share assumed to be captured from the existing system were considered in the analysis.

Chapter 8:
The financial and economic analysis of the proposed waterway development was carried

out. Net Present Value (NPV) technique has been selected for project evaluations. A

limited economic analysis investigated the impact on congestion and fatality reduction.

Chapter 9:
This chapter discusses and summarises the work that has been undertaken.

Chapter 10:
The work is completed with conclusions and recommendations for further study.

1.8  Data collection and analysis

There were various sources of data collection. Some were obtained from literature reviews
and statistics while others were obtained through personal communications or visits. Visits
to several relevant organisations both in the UK and in Malaysia (see appendix 1) have
been very useful for data collection, validation and application stages of this model. A flow
chart diagram indicating the relationship between the data collection, construction,
validation and application of the proposed model is shown in figure 1.1.
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CHAPTER TWO

INLAND WATERWAYS AND THEIR DEVELOPMENT

2.1 Introduction

Moving around by water in maritime countries used to be a maj’or form of inland
transportation. It was a remarkable system to move not only people but a large quantity of
goods over some distance both within inland areas, and between island communities and
across more extensive seaways. When the populations grew and the volume of goods to
be moved increased, the sizes, distances and routes of the earlier waterways need to be
expanded. As the result, people began improving rivers and digging canals to link one to
another to form complete inland waterway networks.

In a number of countries, which have well established and comprehensive road and rail
network system, inland water transport is continuing to develop. In Europe, huge schemes
for connecting the Rhine to the Rhone, the Rhine to the Danube including others have
been planned and implemented successfully [1]. Significant developments have also taken
place in the United States of America, USSR, China, India etc. However, in a number of
riverine developing countries such as Malaysia, Sri Lanka, Bangladesh, Thailand, Vietnam
and etc. inland water transport is still under-utilised due to various reasons [2].

The extensive network of canals and developed river systems in Britain for instance, was
constructed predominantly in the eighteenth and nineteenth century. Canal systems were
built as the first major bulk transport systems in support of industry and hence contributed
to the industrial revolution in Britain. Although the subsequent emergence of railways and
road transport systems have superseded inland waterway as major transport systems,
there is still a significant movements of commercial goods on a small part of the system.
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This chapter describes thé trend of development of inland waterway transportation systems
since the eighteenth century. It is followed with a brief investigation into the current state of
inland waterways in the Great Britain, continent of Europe and eisewhere. It is concluded

with a selective overview of the relevant transport modelling approaches in recent years.

2.2 Definition and classification

There are several definitions of inland waterway transport system. The common one being

used for compilation of relevant statistics is from The Department of Transport (DOT) of the
UK[3]. Thus:

An inland waterway is deemed fo include all water areas available for navigation that lie

infland of the "inland waterway boundary®. This boundary will comespond to the most
seaward point of any estuary which it would (in UK conditions) be reasonable to bridge or

tunnel. Inspection of UK estuaries leads us to conclude that this is where the width of water
surface area is both less than 3kms at low water and less than Skms at high water (spnngs).
Howaever, vessels without load lines are legally allowed to trade anywhere within the Partially
Smooth Water Area (PSWA). The summer boundaries of PSWASs are often far downstream
of the inland waterway boundanes. The area between these two boundanes is defined here
as "sheltered water”. This approach enables tonnage and tonne kilometres to be measured
for inland waterway craft along the entirety of their activities.

In the USA, the Waterways Analysis and Management System (WAMS) has been
responsible for analysing the safety and efficiency aspects of the navigable waters for
1,800 waterways for environment protection schemes [4]. For the purpose of these
undertakings, inland waterways is defined as “a water area providing a means of
transportation from one place to another, principally a water area providing a regular route

for water traffic, such as bay, channel, passage, river or reqularly travelled parts of the open
sea.”

Although there are other definitions given by various authors, it is reasonable to adopt the
definition from the DOT for application in this study. With this clear definition, it effectively

excludes sea going traffic to and from major sea ports. However, all domestic (i.e. coastal)

11



shipping movement of 5 km or more were separately analysed in order to avoid confusion
between domestic barge traffic and domestic ship traffic [3].

In 1987, the Dutch Government set up a Committee of Waterway Administrators (CVB) to
propose a new set of waterway classifications to meet the requirement for the Netherlands
and the rest of Europe to which the waterways, bridges and the locks could be constructed
[5]. The committee has suggested a modified classification system (see table 2.1) which
shows the new lengths, heights and draughts of the inland vessels.

Table 2.1: Classification of inland waterway transport (1986)

In the UK, the waterway classification system specifically designed for the survey of the
official waterborme freight statistic is classified into several categories (table 2.2). This
classification was used as the framework for including or excluding short inland penetration
by vessel.

Table 2.2: Waterways classification in UK
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2.3 The development of the UK inland waterway system

In Great Britain, the construction of a totally new waterway did not come about until 1761
when the first phase of the Bridgewater Canal was opened mainly to carry coal. The first
section opened included a stone aqueduct carrying the canal over the River lrwell at
Barton. The opening of this remarkable engineering technology encouraged further
developments to form a complete and viable waterway network for the carriage of goods
within a developing industrial area [6].

At the height of me canal era in 1840, inland waterways extended to 6,000 km. Few
important towns were located not more than 15 km away from the nearest waterway. The
canals, although restricted to short distance haulage, still played a vital role in the growing
industrial revolution. But because of the lack of co-operation between companies, lack of
uniformity in sizes and locks, they left considerable scope for competition from railway and
road development and made inter-operable services difficult.

The development of railway services in the early 1820's, freed the British transport from the
constraint of physical geography. Railways were providing a far better movement of goods
from a greater variety of areas, faster and at more regular speed. If the canal companies
were to continue to operate in this competitive atmosphere, then government intervention
and impr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>