Module name: Capacities of inland waterways

Module code: CT5306

Date:

10 — 2006

TU Delft
Faculty CiTG

Ir. R. Groenveld
Ir. H.J. Verheij,
Ir. C. Stolker



© Delft University of Technology * Faculty of Civil Engineering and Geosciences ®
Section of Hydraulic Engineering

On behalf of the Section of Hydraulic Engineering published by:
VSSD

Leeghwaterstraat 42, 2628 CA Delft, The Netherlands

tel. +31 15 278 2124, telefax +31 15 278 7585, e-mail: hif @vssd.nl
internet: http://www.vssd.nl/hlf/lecturenotes.htm



CONTENTS

LIST OF PARAMETERS 2
1 INTRODUCTION 4
2 EXPLANATION OF TERMS USED 6
2.1. OPEN AND CLOSED WATERWAYS.....cotttttuiieeeiiiieiiieeeeeeeeettuneesseeesetmeesssesesrannesssserssnnneeasees 6
2.2. OPERATIONAL CAPACITY ...eevttuuneeeeeeeetiteeeeeeeeeettaeeeeeeeestaaaeeeseeesetaaneeeseeessrannneessserssranaeaaees 6
2.3. INTENSITY AND DENSITY ...ooiitiiieeeiiiieeiieeee e e e eeeteee e e e e e ee e e s e e eeeataaeeeeeeeestaanneesseersaaanaeaeees 6
2.4. WATERWAY RESISTANCE ...uvuuiiiiiiiiitiieeeeeeeetiieeeeeeeeeetaaeeeeeeesetaanaeesseesssaanneesssesssasnnnaeeseessrens 7
2.5. N 1) 21 21 0 PP PRPRR 9

3 METHODS FOR DETERMINING CAPACITY 11
3.1. INTRODUCTION ...cottiuiiieeeiieeeeieee e e ettt e e e e e ettt e e e e e e e e et e e e e e e saaaaaneeseeesesaannneseeeersaannnneaeees 11
3.2. CALCULATING ON THE BASIS OF KNOWLEDGE AND EXPERIENCE .......cuuveeeiiiiiiiiiieeeeeeeriiineeeeeens 12
3.3. CALCULATION ON THE BASIS OF THE VIRTUAL AREA AROUND A SHIP......ccoovviiiieeeeeeeeriiiieeeeens 12
34. CALCULATION ON THE BASIS OF A SIMULATION ....uuuuiiiiiiiiiiieeeeeeeeeiiineeeeeeeeeeianneeeeeeessannnneeeees 16

4 CALCULATION OF THE CAPACITY OF A WATERWAY 19
4.1 INTRODUCTION ...cottitiiieeeiieeeiieee e e ettt e e e e e e ettt e e e e e e e e et e eeeseesaaaaneeseeesssaannneeeeeersrannneeaeees 19
4.2 BRIDGES AND LOCKS .. .oiiitiiiieieiieeeeeee ettt tee e e e et e e e e e e e e et e e e e eeesaaanneeeeees 19
4.3 LOCKING CYCLE otuueeiiiiiieieee ettt e e e e e et e e e e e e e e e tae e e e e e e s ettt eeeeeeesaaaaneeeeeeessraneeeeees 20
4.4 LOCK CAPACITY vttt ettt e e e ettt e e e e e et et e e e e e e e e et eeeeeeesaaaaaeeseeesrasannneeeees 22
4.5 PASSAGE TIME INDIVIDUAL SHIP ....oovvuuiueieiiietiiiieeeeeeeeeeeaieeeeeeeeesaanneeessesssasnneessssesssnnnneeseees 23
4.6 THE OPERATING TIME (T5) uvvtteeieiieiiiiiiiee e e eeiit e e e e eeevtteee e e e eestataeeeeseeeennnaaraaaeeseennsnnsneeanns 25
4.7 ENTRY AND EXIT FOLLOWING TIMES ...uuuuieiiiitiiiieeeeeeeeetiieeeeeeesetaasnesessesssasnneeessssssssnnnneseees 34
4.8 THE LOOP TIMES ..ovttuueeeeiiieeieiieeeeeeeeeteeeeeeeeeeetaaeeeeseessaaaaeeessssseaaanaesseessssanneesesesrsrrnaaeanees 44
4.9 MAXIMUM NUMBER OF SHIPS IN THE LOCK CHAMBER ......cuuiiiiiiiiiiiiiiieeeeeeeeeeiiieeeeeeeeeeiiinneeeeees 45
4.10 CALCULATION EXAMPLE FOR LOCK CAPACITY ...vvvuueeeeeeiiiiiieeeeeeeeeiiieeeeeeesesssneeeeessrsanneneseees 49
4.11 TRAFFIC INTENSITY PATTERNS AND ITS INFLUENCE ON CAPACITY ..vvvvueeeiieiiiiiieeeeeeeereiineeeeees 52
4.12 LOCK DIMENSIONS ACCORDING TO THE CVB ...oviiiiiiiiiee e 54
4.12.1 Locks for commercial traffic............ccooooiiiiiiiiiiiiiiei e 54
4.12.2 Locks for recreation@l trafffic ..............occceiiiiiiiiiii e 55
4.12.3 Locks fOr mixed traffic..........cccoooiiiiiiie e 57

5 VESSEL TRAFFIC SUPERVISION 59
5.1 INTRODUCTION ...cottitiiieeeeieeiiieee e e e ettt e e e e e e ettt e e e e e e e e e e e eeeeeeeaaaaneeseeesesaannneesesersrannaeaeees 59
52 HISTORY oottt e e e e e et et e e e e e e e e et e e e eeeeraaaaeeeees 59
53 RADAR SYSTEMS OVER THE YEARS ...vuuuueieiiiitiiiieeeeeeeeeiiiiieeeeeeeeessatseeessesssssnneessssssrssnaeeseees 60
54 VESSEL TRAFFIC SERVICE TS AMSTERDAM-TIEL ......ccovvuuiieeiiiiiiiiiiieee e e 61
5.5 REGISTRATION AND UTILISATION OF THE NETHERLANDS’ INLAND WATERWAY NETWORK........ 63

6 SAFETY 65
6.1 INTRODUCTION ...cotvitiieeeeiiieitiiee e e e ettt e e e e e e e ee e e e e e e e e eaaaeeeeeeesaaaaneeseeesesaanansseeeersaannneaeees 65
6.2 RISK LEVEL.....oitiitiieeee ettt e e ettt e e e e e e et e e e e e e e e e e e e e e e e saaaaneeeeeeeraaaneeaeees 65
6.3 RISK ANALY SIS ..ottt e e et e e e e e e et ae e e e e e e e e et e e e e e e e sasaaeeeeeeersaannnneaeees 67
6.4 PROBABILITY OF FAILURE IN PRACTICE .....ccovvtiiiieeeeeeeeeiiieeeeeeeeeeeaaeeeeeeeeeeaasneeeseseessannnneseees 68
6.5 (016)5) 21T PRRTORRRNt 70

7 REFERENCES 72
APPENDIX I: THE FUTURE OF THE RIVER MEUSE FOR INLAND NAVIGATION........cccccce.. 73
APPENDIX II: AN ARTICLE FROM ‘DE VOLKSKRANT’ 77




List of parameters

Parameter Unit Description
A, m’ Cross-section of a drain
Ay m’ Cross-sectional area of a lock chamber
A, m’ Wetted cross-section of a ship
Asl m’ Opening area of a sluice
B, m Width of virtual area around ship
B, m Beam, width of ship
B m Width of lock
C number ships/ | capacity
time unit
Cs tonnes/ time | average carrying capacity of the ships.
unit
d m Ship’s draught
H m Head difference
I number ships/ | traffic intensity
time unit
L m Length of a water way section
L, m Ship length
L, m Length of virtual area around ship
n - Number of ships
Nmax - average number of ships over a large number of
maximum capacity locking operations
P kW or hp Engine power
Q m’/s discharge
S m Mutual distance
Se m Equilibrium mutual distance
Smin m Minimum mutual distance
t, S time
ts S total locking time
tw S total waiting time
twr S remaining waiting time
T S Filling time
Ty S Operating time
T, S Cycle time
T4 S Locking duration
T; S Entry time
T S Loop time
T, tonnes average carrying capacity per ship
Tu S Departure time
Tp S Passage time of an individual ship
Vo m/s Average ship speed on a non-restricted waterway
Viim m/s Limit speed of a ship
Vi m/s Average ship speed
w S Resistance of a waterway
W, S Resistance of a waterway (constant part)




Parameter Unit Description

W, S Resistance of a waterway (variable part)
u - Discharge coefficient
¢ - Friction or delay loss



1 Introduction

The lecture “Capacities of Inland Waterways” is the follow-up of “Inland Waterways”,
CTWA 4330, which in fact is an upgrade of the lecture notes written by Ir. J.
Bouwmeester in 1988. The edition of 2006 is an update of the version of May 1999 of ir.
R. Groenveld.

Apparent from the title, this lecture will focus on the capacity of inland waterways. A
great deal of research has been performed in this area in the past. In the Netherlands that
research was mainly carried out by the Directorate-General for Public Works and Water
Management (RWS) and the regional departments of this directorate, with Delft
Hydraulics also being frequently involved.

A considerable amount of attention has been given to the standardisation of inland
waterways, both at a national and international level.

At international level, the CEMT (Conference Europeenne des Ministres des Transport)
has accepted a classification system in which inland waterways are divided into 5 classes
that correspond with 5 standard ships, a 6™ class was subsequently added in 1961.

In the period 1958 - 1969 the Economic Committee of the United Nations for Europe
(ECE) drew up a classification which also included the East European countries. As the
inland waterways in Eastern and Western Europe differ considerably, this classification
was never actually implemented.

In 1977 the Netherlands Inland Waterway and Management Committee (CVB)
commenced the adaptation of the design standards for Dutch waterways to the
developments in the fleet of Dutch inland navigation vessels.

In the eighties it became clear that as a result of the increase in shipping traffic, the
CEMT classification was beginning to become out-of-date.

Following a Dutch initiative, at the 1985 PIANC congress held in Brussels it was decided
that a new classifications system be introduced; this was subsequently completed in 1992.
In 1996 the CVB published a complete set of rules and regulations with respect to the
dimensions, design and organisation of inland waterways and structures. These rules have
been thoroughly updated in the 2005 [11]

Although little consideration was given to the capacity of inland water systems in this
standardisation, at present increasingly more use is being made of probabilistic
simulation models for dealing with inland waterway traffic.

The Construction Department of the RWS, for example, now have the SIVAK model at
their disposal, whilst on several occasions in the past use was made of the Prodim model
for the dimensioning of inland waterways.

With an inland waterway load of more than 15000 passages per year it can no longer be
considered responsible to draw up cross-sections on the basis of empirical rules, therefore
making it necessary to carry out supplementary research with the aid of traffic-flow
simulation models and navigation simulation models.

This report will deal with the following topics. First, a description of the terms used are
described in chapter 2, followed by an introduction into capacities of open and closed



inland waterways in chapter 3. Next, in chapter 4 the capacity of inland waterways
restricted by locks will be discussed more thoroughly. The distinction between open and
closed waterways has been made because locks are a determining factor for the capacity
of closed inland waterways. Further significant aspects in the determination of capacity
and safety are the traffic regulation systems (see chapter 5). Finally, chapter 6 deals with
the topic of Safety. Furthermore, the appendix discusses trends and future expectations of
inland navigation on the Meuse River (appendix I) and more general (appendix II).

Figure 1-1 A motorway and an inland waterway



2 Explanation of terms used

2.1. Open and closed waterways

As hydraulic structures are often determining factors with respect to the capacity of a
waterway, a distinction is often made between open waterways, e.g. waterways without
hydraulic structures, and closed waterways, which segmented by hydraulic structures like
locks. The CVB (Commission of fairway managers) prescribes in its guidelines
regulations for headroom, width of passage, underwater profile and above surface profile
for waterways (open as well as closed) in the Netherlands [11].

2.2. Operational capacity

The operational capacity of an inland waterway is defined as the maximum number of
ships that can pass through a specific cross-section of an inland waterway per unit of
time, while taking into account safety and waiting times (service level). Waiting times
may for example occur at a lock or bridge, or may be imposed by a Vessel Traffic
System (VTS). The term “safety” and “acceptable waiting times” can be rather
subjective. Therefore, one should first obtain some insight in these matters before the
operational capacity can be determined.

In addition to the previous points, capacity is also depending on the following limiting

conditions:

a. The infrastructure of the waterway. Not only the depth and width of the canal, but
also irregularities such as bends, constrictions and structures affect operational
capacity.

b. The fleet characteristics (dimensions, type, together with the volume pattern). For
example, it is quite obvious that the irregularity of the volume pattern greatly
influences waiting times.

c. The traffic rules and weather conditions.

2.3. Intensity and Density

Intensity 1s defined as the number of ships or tonnes of dead-weight capacity (DWT) that
pass through a specific cross-section of an inland waterway per time unit (see Figure
2-1A). The Density is the quantity of shipping traffic, expressed in numbers of ships (or
DWT), per unit of surface area or waterway length at a specific time (see Figure 2-1B).
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Figure 2-1 The intensity and density of an inland waterway

6



2.4. Waterway resistance

The resistance of an inland waterway is determined by the time required for a ship to pass
a waterway section (travelling time + waiting time of the waterway). The total resistance
of the inland waterway is equal to the sum of the sub-resistances of the various waterway
sections, whereby the resistances can be considered to be connected in series (see Figure
2-2).

If the maximum acceptable waiting time is known, the “operational capacity” of the
inland waterway can be determined.

Figure 2-2 Resistances in a waterway

The resistance of an inland waterway can be subdivided into:
e a constant part (W) and
e avariable part (W,), the waiting time at for instance bridges or locks.

The constant part, with no other traffic, depends on:

e the ship speed if possible of Vi = 0,8 * Vi, to 0,9 * Viim (Viim= limit speed vessel);
shape and dimensions of the cross-section of the inland waterway;

lay-out of the inland waterway with bends and other discontinuities;

engine capacity of the ship under consideration; and

conditions such as wind, current, visibility etc.

The variable part of the resistance (W,) is the extra time loss that results from the
interaction of the ship under consideration with any other shipping traffic. This W, is
determined by:
e Delays during overtaking and encountering manoeuvres with other ships, which are
dependent on:
» The number of shipping lanes
» The speed differences and diversity of the various ships
= The reaction and behaviour of the individual ship captains
e Temporary or total inability to overtake as a result of:
= Excessive traffic density on the waterway
= Safety traffic rules, e.g. overtaking prohibited.



In making a choice between routes A and B the ship’s captain will, obviously, take the
resistance of the different routes into account (see Figure 2-3).

Example (see Figure 2-4)
If ship 1 could continue
travelling undisturbed at a
speed of 0.8 * Vi, then
the resistance would be
equal to W, =
L/(Viim®0.8). As ship 2 is
travelling at a lower
speed, ship 1 wishes to
overtake this ship. This is,
however, prevented due
to the approaching ship 3.
As a result ship 1 has to
reduce speed (time t = t;)
down to the speed of ship
2 until ship 3 has passed
(time t = t;). Ship 1 can
subsequently commence
the overtaking
manoeuvre. However, the
speed at which that can
now be achieved is lower
than ship 1’s original
speed. That is caused by
the increased resistance
the ship is subjected to in
the limited cross-section.
Furthermore, in most
cases ship 2 should
reduce its speed, as
otherwise the overtaking
ship would not be able to
get out of the ‘water
level-depression’ created
by ship 2.

B
Figure 2-3 Different routes
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Figure 2-4 Structure of the resistance of a ship
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