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FOREWORD

As a conclusion to years of document gathering and systematisation, it is our
great pleasure to present to you the second, revised edition of the Manual on
the Sava River Navigation. Given that the first edition won high praise and
received a positive response from the professional community and the
educational systems of Member States to the Framework Agreement on the
Sava River Basin, this supplemented edition addresses the latest technological
trends and practices in inland navigation. The comprehensiveness of this edition
of the Manual on Navigation was already confirmed during its preparation by a
large number of our collaborators, who themselves made a significant
contribution to the development, i.e., to the determination of the concept and
the content of the Manual. This edition of the Manual encompasses almost all
important issues and topics in the field of inland navigation, so that in one part it
deals with general subjects in the area of inland navigation, while in the other
part it addresses the specific characteristics of the fairway and navigation on the
Sava River.

The Secretariat of the International Sava River Basin Commission (ISRBC - Sava
Commission) developed this edition of the Manual with an aim of improving the
knowledge and level of information, primarily regarding Sava River navigation,
but also on the universal principles of inland navigation in general.

While developing this Manual, we used materials from all available publications,
and particular attention was paid to the experience and opinions of numerous
experts, to whom we are profoundly thankful. Aware that there are still
unaddressed topics in the area of inland navigation, the Secretariat will continue
to make efforts to collect and prepare the available material for forthcoming
editions of the Manual on the Sava River Navigation. In addition, but of no less
importance, we would like to note that we shall make this edition available to a
wide circle of users both in the form of a printed brochure and in a digital edition
on the official website of the Sava Commission. Therefore, we would like to
invite all our readers who notice any inconsistencies, omissions or errors, to put
forward their comments, remarks and suggestions that will allow us to make our
future editions as accurate as possible, encompassing the latest achievements
and trends in inland navigation.

We hope that this Manual will provide practical assistance, both to the current
participants in navigation, as well as to those who attend schools or are about to
obtain crew certificates in inland navigation.
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1.

GENERAL CHARACTERISTICS
OF THE SAVA RIVER

1.1 GENERAL AND HYDROGRAPHIC DATA
REGARDING THE SAVA RIVER BASIN

No river ends at its riverbank. Each river with its basin has its own diverse
habitats and species that enrich life in the basin, and the life of people of
different cultures, nations and countries. The same applies to the Sava River,
which flows through four countries: Republic of Slovenia, Republic of Croatia,
Bosnia and Herzegovina, and Serbia. Furthermore, the Sava River also connects
three capitals of these four countries: Ljubljana in Slovenia, Zagreb in Croatia,
and Belgrade in Serbia. The fourth state capital — Sarajevo in Bosnia and
Herzegovina, also belongs to the Sava River Basin.

The Sava River is the Danube’s third longest tributary, but the one with the
highest average discharge. It is formed by two smaller rivers in Slovenia, the
Sava Dolinka and Sava Bohinjka, joining near the town of Radovljica into a single
stream and continuing to flow through Croatia, Bosnia and Herzegovina, Serbia,
until its confluence with the Danube in Belgrade (Serbia).

From Radovljica, the Sava River flows through Carniola and the Ljubljana Basin,
and then continues its course through 90 km-long Litija — Krka valley. It enters
the Pannonian Plain near the town of BreZice and flows along its southern flank
all the way to its confluence. The average longitudinal gradient from the
confluence with the Kupa River to its confluence with the Danube is 42 mm/km,
which results in a pronounced meandering flow that is characteristic of lowland
rivers.

As a consequence of such a low gradient, the Sava River cannot carry the
sediment brought in by its tributaries. Instead, the sediment is deposited on its
riverbed downstream of the confluences with its tributaries, thus creating
numerous sandbars and shallows, which, during the periods of low water level
complicate or sometimes even completely prevent navigation. The Sava River
water regime is typically pluvio-nival (rainy and snowy), with an average flow
velocity of 3.2 m/sec.
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The length of the Sava River from its main source in western Slovenian
mountains to its confluence in Belgrade is approximately 944 km. The total basin
area of 97,713 km? covers major parts of territories of Slovenia, Croatia, Bosnia
and Herzegovina, Serbia, Montenegro and a small area of Albania (Table 1). With
its average discharge of approximately 1,700 m3/sec, the Sava River represents
the greatest tributary of the Danube by volume of water, contributing with
almost 25 % to the Danube's total discharge. This means that sustainable
development of the Sava River Basin has a significant influence on the Danube
River Basin.

River basin area per country River basin share per
(km2) country (%)
Slovenia 11,734.8 12.0
Croatia 25,373.5 26.0
Bosnia and Herzegovina 38,349.1 39.2
Serbia 15,147.0 15.5
Montenegro 6,929.8 7.1
Albania 179.0 0.2
Total 97,713.2 100.0

Table 1: Main data on the Sava River Basin

The Sava River is very important for the Danube River Basin due to its
outstanding biological and landscape diversity. The Sava River Basin hosts the
largest complex of alluvial wetlands in the Danube River Basin (Posavina —
central part of the Sava River Basin) and large lowland forest complexes. The
Sava River is a unique example of a river with some of the floodplains still intact,
thus supporting flood alleviation and biodiversity.

There are seven Ramsar sites in the Sava River Basin, namely: Lake Cerknica
(SLO), Lonja Field, Crna Mlaka (CRO), Bardaca (BiH), Zasavica, Obedska pond and
Pester plateau (SRB), with numerous areas important to bird and plant life, as
well as areas protected at the national level, and Natura 2000 sites.
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Main information on the Sava River’s main tributaries is provided

in Table 2.
River name T(rlil:l::?tr;y Basin Length Country Country area
—righy  lkm?] [km] [km?]
Ljubljanica r 1,860.0 41.0 SLO
Savinja | 1,849.0 = 93.9 sLO
Krka r 2,247.0 | 946 sLO
Sutla / Sotla 5843 | 886 z;% z;%__ ﬁg:g tzz
Krapina 1,244.0 65.6 CRO
CRO -  8,412.0 km?
Kupa / Kolpa r 10,2256 | 297.2 Csrig' ZiLI_? - 1’;2;:2 mi
Lonja | 42861 828 CRO
llova | 1,815.7 | 100.3 CRO
Una r 9,8289 | 2146 g:g gi;o__ i‘é::_'g :ﬂ;
Vrbas r 62738 | 249.7 BiH
Orljava | 16157 = 995 CRO
Ukrina r 1,5040 | 80.7 BiH
Bosna r 10,809.8 = 281.6 BiH
Tinja r 904.0 99.4 BiH
BiH, | BiH-  7,118.9 km?
MN, | MN - 6929.8 km?
Drina r 20,319.9  346.0 SRB, | SRB —  6,092.2 km?
ALB | ALB- 179.0 km?

CRO, CRO - 2,375.0 km?

Bosut 2,9431 SRB SRB — 568.1 km?2

Kolubara r 3,638.4 86.6 SRB

Table 2: Main tributaries of the Sava River
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1.2 HISTORY OF THE SAVA RIVER NAVIGATION

First more organised prehistoric human settlements were erected on the banks
of rivers and lakes. It should also be emphasised that the banks of major rivers
was where further development of human society took place and where
foundations for the first sciences - astronomy and geometry - were laid. Looking
back at the historical development of shipbuilding, and a ship as its product, it
can be observed that no human craftsmanship paints such a faithful picture of
the level of human development as is the case with ships.

The development of shipbuilding and shipping activities led to the rise of first
rowing boats that only sailed downstream, whereas later, use of more oars
meant commencement of upstream sailing in cases where river flow velocity
allowed it. Towing of vessels upstream was performed by horses and, in some
cases, by people and horses (this method of towing was called “horseboating”).

Until the end of the 5th century A.D., oars had been used as the main means of
propulsion, while sails provided just an auxiliary propulsive force and only if the
wind direction was towards the ship’s stern.

In Donja Dolina, a village situated on the banks of the Sava River, a Bronze Age
settlement originating from approximately 4000 years B.C. was discovered,
where, among other findings, a 12.5-meter-long boat, carved out of an oak tree,
was excavated. This boat, along with another one slightly shorter than 5 m, are
exhibited at the National Museum of Bosnia and Herzegovina in Sarajevo.

There is no clear division line between the period dominated by ships powered
by sails and the era of rowboats. It can only be approximately determined that
sails started prevailing over oars at the end of the 12th and the beginning of the
13th century, when the occurrence of today’s sternpost allowed use of larger
sails. Discovery of new sea routes and countries in the late 15th century
additionally contributed to the development of sailing ships, shipbuilding and
shipping in general, with the steadily increasing size of ships, their speed,
manoeuvrability and navigational instruments.

The following factors were crucial for the rapid development of shipping and
shipbuilding in the late 18th century: a general increase in labour productivity,
the invention of the steam engine (in the 1780s), use of steel structures
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instead of wooden structures, the transition from handcraft to the industrial
mode of manufacture, the application of scientific instead of experiential
methods in the shipbuilding industry, and, later, the invention of the propeller
(screw) — in the middle of the 19th century.

First steamboats (steam-powered vessels) appeared on rivers, which is
understandable mainly for two reasons: first, the rivers have more suitable
conditions for navigation (river water is calmer than sea, hence there is no
danger of waves); and, second, because of the river currents, steamboats were
more required on rivers than at sea, where sails provided for undisturbed
navigation and manoeuvring.

The first steamboat was built approximately twenty years before the steam
locomotive. It is very difficult to identify the inventor of the first steamboat. It is
believed that it was Robert Fulton, an American painter from Pennsylvania, born
in 1765, who built a large and sturdy steamboat in New York known as the
“Clermont”, which was equipped with a steam engine purchased in Europe
(company “Boulton & Watt”). Main features of this steamboat were as follows:
length = 40.5 m, breadth = 5.48 m, side height = 2.74 m, displacement = 180
tons, and a steam engine with a power of 50 HP, which was incredible at that
time. The steamboat “Clermont” commenced its first successful trip on 17th of
August 1807 on the Hudson River.

First steamboats in Europe were constructed in England in 1816, and used to sail
on the Seine, the Rhine and the Elbe.

The first steamboat on the Danube had its inaugural run in 1817, following the
completion of test runs. The steamboat “Carolina”, built 1818 in Vienna, carrying
20 tons of loads, could travel 3.5 km/h when sailing upstream, and 15 km/h
when sailing downstream.

The First Danube Steamboat Company (Die Erste Donau Dampfschiffarts
Geselschaft, DDSG) was founded in 1829 in Vienna.

In 1830, the ship “Franz I” made its first trip between Vienna and Budapest and
it is considered to be the first steamboat that regularly sailed on the Danube.

In 1834, the ship “Carolina”, running between Vienna and Orsava, was the first
steamboat to sail through DPerdap.

The development of modern shipping, i.e., the appearance of first steamboats,
raised the need to regulate the Sava River.
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In 1834, the French steamboat “Sophia” (60 HP and 300 t deadweight)
commenced its trip on the Sava River in order to test the conditions for
navigation and, on 11th of September 1838, it arrived at Sisak. Four years later,
ten steamboats of the company Danube Lloyd from Vienna sailed between
Vienna and Sisak. The first Croatian steamboat “Florisdorf” was bought in July
1844. The vessel “Florisdorf” commenced its first voyage from Vienna on 21st of
August 1844, and arrived at Sisak on the 8th of September 1844.

Next day, the steamboat was renamed to “Sloga” (Concord). It was the name of
the first Croatian steamboat ever, both on rivers and the sea (first sea
steamboat “Hrvat” (The Croat) sailed only in 1879). “Sloga” run the regular
passenger line every 1st and 15th of the month, sailing downstream from Sisak
to Zemun, and every 6th and 21st of the month, sailing upstream from Zemun
towards Sisak. However, only one year later, on 14th of September 1845, the
first Croatian steamboat “Sloga” had an accident near the town of BosSnjaci and
sank. Only seven days after “Sloga” sank, the steamboat “Carl” of the company
Danube Lloyd from Vienna sailed into the Sisak port, and was granted exclusive
navigation rights on the Sava River. In 1846, the steamboat “Panonija” sailed
into the Sava River and docked in Sisak. Regulation of the Sava River commenced
in January 1856, leading to the establishment of a mixed Austrian-Turkish
Commission, since the river’s right bank was under the Turkish rule.

Serious works on river training for commercial traffic on the Upper Sava
commenced in 1871, which, with minor interruptions, continue to this day.

In addition, even back in 1829, the town of Sabac had a fully operating ship and
ferry repair workshop, where, among others, the Danube ships from Pore¢ and
Gradiste were repaired.

First Serbian river steamboat “Deligrad”, (length = 58 m, breadth = 7 m,
displacement = 275 tons, and power of 50 HP) had its inaugural run on the
Danube in 1862. “Deligrad”, with its six barges that the Government of Serbia
had procured in Italy, transported salt and petroleum from Romania, and
passengers when needed. “Deligrad” was armed with two cannons. This ship
was sunk by its own crew on 6th of April 1941 on the first kilometre of the Sava
River.

First river kilometre marks were placed in 1877, from Sisak to Zemun. After
World War |, river-training activities on the Sava River continued, and it became
navigable as far as Rugvica, and on the Kupa River, from its confluence to as far
as Pokupsko.
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Back in 1870, the Steamship Company Sipu$ and Morovi¢ was founded in Sisak,
which had two steamboats, “Hrvat” and “Slavian”. In the 1880s, this steamship
company was taken over by the newly established Bosnian Steamship Company,
based in Brcko. This company renamed the aforementioned ships “Una” and
“Sarajevo”, and then built five new boats: “Vrbas” and “Bosna” for navigation on
the Sava River, and “Drina”, “Zvornik” and “Lim” for navigation on the Drina
River.

The First Serbian Privileged Company was founded in Belgrade in 1890. This
company purchased the ship “Deligrad” from Serbia, and then the ship “Macva”,
the barge “Beograd”, the steamboat “Stig”, as well as a number of other barges
in Italy. With such a fleet size, regular traffic was established from Belgrade to
Dubravica and Sabac.

In the year 1897, Rudolf Diesel announced his invention of the internal
combustion engine (the diesel engine) that launched a technological revolution
in the shipping industry. Its utilisation in river navigation commenced in 1912.

In the period between two World Wars, two strongest industrial plants, namely
the Shell refinery and the smelting plant Caprag, were built on the bank of the
Sava River, thus emphasising the economic significance of this river for the wider
area of the Sisak region.

After the end of World War |, in 1918, a large number of ships from Austro-
Hungarian and German shipping companies were located in the newly
established State of Slovenes, Croats and Serbs. According to the Treaty of
Rapallo signed in 1920, majority of those ships had come into its possession,
thus the acquired fleet made the new state the leader by fleet size in the
Danube region.

In July 1945, the new Directorate-General for River Navigation was founded, and
the State River Shipping Company as a part thereof, which was renamed the
Yugoslav State River Shipping Company in 1947. In 1952, following restructuring
and decentralisation, it became the Yugoslav River Shipping Company — “JRB”,
which is the name that has remained to this day. Taking into consideration the
technical obsolescence of the fleet at the time, in the mid-1950s, the company
commenced with the construction of ships, tugboats (the famous “JOTA” fleet),
self-propelled cargo vessels, river-sea ships and barges for bulk cargo and tank
lighters for liquid cargo. Until then, the average age of passenger ships
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was 60 years, of tugs 40 years, and of barges for dry and liquid cargo 45 years.
The new fleet comprised of: “DZervin”, “Veternik”, “KoSutnjak”, “Topcider”,
“Jablanik”, “Javornje”, “Jagodnja”, “Jelasnica”, (from which the “JOTA” fleet got
its name), “Vitorog”, “Trebevi¢”, “Dinara”, “Komovi”’, “Udarnik”, “Junak”,
“Vitez”, “Kolubara”, “Mlava”, “Tamnava” and “Morava”. In 1961, the famous
motor tugboat “Tara” joined the fleet. “Tara” was operating on the sector of
Perdap, and will be remembered by its power, navigational safety and a
beautiful design.

After World War I, rivers Sava and Kupa experienced a remarkable expansion
triggered by the state industrialisation plans, and as of 1952, the town of Sisak
became the seat of the Danube Lloyd, one of the leading shipping companies
founded following the decentralisation of the former state river shipping
company. At that time, a modern river port was built on the Kupa River, which,
owing to its capacities, became an economic focal point of the town.

In 1955, there were several attempts to revive the frequently professionally
contested upstream navigation from Galdovo, but the most famous case was
that of the ship “Backa” that managed to arrive under the JakuSevac Bridge in
Zagreb. Dredgers and wagons were then transported from Sisak to Zagreb, and
after many dramatic moments, the entire endeavour was completed
successfully, yielding the praise from the general public.

In the period between 1956 and 1961, a considerable number of vessels were
built in river and maritime shipyards, which was quite significant by the
standards of Yugoslavia at the time. During those years, strong motor tugboats
such as “Biokovo”, “Sisak”, and “Boris Kidri¢”, and motor tanker tugboats
“Caprag” and “Sisak” commenced their river navigation, which were considered
powerful even for the conditions on the Danube.

During the eighties of the last century, there was a significant increase in towing
and pushing capacities, thus the major share of obsolete transport technology
was decommissioned. During those years, transport on the Sava River reached
its peak, and it mainly consisted of bulk cargo being transhipped at the Brcko
port, as well as transport of crude oil and oil derivatives for refineries in Brod
and Sisak.

The war and breakup of the former Yugoslavia in the 1990s led to a complete
termination of navigation and any significant maintenance of the fairway.
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It should be noted that the previous navigation regime on the Sava River was
only of a national character, whereas traffic of foreign vessels was allowed only
with special permits.

Following the normalisation of relations in the region, navigation was partly
restored, but only for ships from riparian countries, which made a sound
problem for future development of this form of transport.

Signing of the Framework Agreement on the Sava River Basin and the Protocol
on the Navigation Regime to the Framework Agreement on the Sava River Basin
in 2002 and its entry into force in 2004 meant the establishment of an
international navigation regime on the Sava River. Simultaneously, significant
and harmonised activities commenced on the rehabilitation of the fairway and
harmonisation of legislation on inland navigation in the Sava River Basin.






2.

THE SAVA RIVER FAIRWAY

2.1 FAIRWAY CHARACTERISTICS

The international navigable fairway on the Sava River and its tributaries is
defined by the Protocol on the Navigation Regime to the Framework Agreement
on the Sava River Basin that applies to the Sava River from the river kilometre
0.00 to the river kilometre 594.00, on the Kolubara River from the river
kilometre 0.00 to the river kilometre 5.00, on the Drina River from the river
kilometre 0.00 to the river kilometre 15.00, on the Bosna River from the river
kilometre 0.00 to the river kilometre 5.00, on the Vrbas River from the river
kilometre 0.00 to the river kilometre 3.00, on the Una River from the river
kilometre 0.00 to the river kilometre 15.00 and on the Kupa River from the river
kilometre 0.00 to the river kilometre 5.00.

In general, the Sava River fairway is divided into three sectors:
+ Upper Sava from rkm 594 to rkm 467;
+ Middle Sava from rkm 467 to rkm 139;

+ Lower Sava from rkm 139 to rkm O.

The Sava River is navigable for larger vessels from Sisak (conditionally, it is
navigable from Rugvica near Zagreb to Sisak for smaller tourist vessels) to its
confluence where it empties into the Danube in Belgrade. Due to years of
insufficient and inadequate maintenance of the fairway, Sava is not sufficiently
regulated for navigation. With the exception of a part of the Lower Sava sector,
the fairway is distinguished by sharp bends with the radii of curvature of up to
200 m, which significantly impedes navigation, particularly for pushed convoys.
It is considered that normal navigation requires a mandatory radius of curvature
of 360 m, at least. In addition, shallows occur during low water levels, whereas
high water levels can cause a collapse of riverbanks and widening of the
riverbed, thus reducing its depth. Furthermore, there are many artificial
obstacles in the fairway that hinder navigation, such as unfavourable selection of
bridge locations and sunken vessels. The fairway is marked in accordance with
its current state, but the marking system will change simultaneously with the
regulation of the fairway.
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The development of River Information Services will significantly facilitate
navigation, especially at night and in unfavourable weather conditions.

Geographically, the Sava River fairway stretches between the Mediterranean
and Central Europe. It is parallel with Corridor X, and crosses Corridor V¢, which
ensures its exceptionally important role in planning of transport strategies of all
riparian countries.

The actual situation is such that the fairway is not sufficiently utilised, even
though its geostrategic position provides for development of combined and
intermodal transport that would link Central and Western Europe with the
Adriatic Sea. The rehabilitation and development of fairways and fairway
infrastructure in general would significantly contribute to the competitiveness
on the transportation services market, which is in line with all strategic
documents for the transport policy of Member States to the Framework
Agreement on the Sava River Basin.

2.2 WATERWAY CLASSIFICATION

Waterways are the subject of the homogenous and internationally recognised
classification system established under the AGN Agreement (the European
Agreement on Main Inland Waterways of International Importance). The
economic significance for international water transport is linked to fairways of
Class IV to VII. This classification system was established by UNECE (the
United Nations Economic Commission for Europe) and ECMT (the European
Conference of Ministers of Transport).

The key classification criterion depends on the basic dimensions of vessels, and
variables used in the decision-making process include length, beam and draught,
vessel tonnage and bridge clearance. The competitiveness of a fairway greatly
depends on conditions at the navigable section of the river, which determine the
capacity of vessels in inland navigation, and thus economic vitality.

Pursuant to the aforementioned classification under the AGN Agreement, the
International Sava River Basin Commission adopted Decisions 21/06 and
13/09 on the adoption of the Detailed Parameters for Waterway Classification
on the Sava River, on the basis of which Classification of the Sava River
Waterway was adopted (Decisions 19/08, 14/12 and 5/17).
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Classification of the international Sava River Waterway is a result of the
current status of the waterway. In the future, there will be minor corrections, as
a result of ongoing projects that envisage development of the
design documentation and related hydro-engineering works, which are based
on such documentation.

Classification of the Sava River Waterway is shown in the following table:

ULl Length Waterway class
of the Sava River (km) Y
0.0 81.0
Sava confluence Kamicak 81.0 Va
81.0 176.0
Kamicak Raca 95.0 \%
176.0 196.0
Raca Domuskela 20.0 1]
196.0 SIavon?;l1<?'§73mac/
Domuskela < 117.7 [\
Samac
313.7 338.2
Slavonski Samac / Oprisavci /
Samac Rit kanal 24:5 i
338.2 371.2
Oprisavci / Slavonski Brod
Rit kanal / Brod 33.0 v
SIavons?<i7;rid/ 294.0
Sisak 222.8 1
Brod

Table 3: Classification of the Sava River Waterway.

The Detailed Parameters bear great importance in comprehension of key criteria
used in the development of the aforementioned Classification, and these are
specified and explained in the following table and the annex thereto.
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Annex 1: Annexes to the classification

DETAILED PARAMETERS FOR INLAND

according to Classification of European inland waterways, United Nations Economic

g IMPORTANCE REGIONAL INTERNATIONAL
o
=
< CLASS I Il 1T Y
=
CONVOYS P.1
g 1(m) 118-132 85
@]
z
@]
O b (m) 82-9.0 9.5
5
§ t(m) 1.6-2.0 25-28
W (t) 1000 — 1200 1250 — 1450
T(m) 2.3 22
0
o
=
2 To(m) +A 13 13 | 16 16 2 33 33
&
—
o B (m) 35 45 45 55 30
s
; for min last | 25 35 40 75 40
E
S o il B 45 45 75 40
S Host (M) 3 3 4 7
<
(%]
w
g Q minBmost (M) 35 45 45 45 30
& 2
« 9 Upto110kv| 15 | 15 | 15 | 15 | 15 | 15 | 15 | 15
S < Hhas (m) From 250kV | 15.75 | 15.75 | 15.75 | 15.75 | 15.75 | 15.75 | 15.75 | 15.75
>z M eromaookv | 17 | 17 | 17 | 17 | 17 | 17 | 17 | 17
W w
o >
zZ0 Hankas (M) 12 12 12 12 12 12 12 12
<
ud'l Biab (m); Bankab (M) Bkab; Bnnkab= horizontal clearance or distance
- Torev (M) 16 | 2 | 225 25 25 3.0
¥ W
s 2
= & minBprev (M) 10 10 10 10.0-12.5
I <
» 4
© minLprev (M) 60 60 70-75 90-190




THE SAVA RIVER FAIRWAY

WATERWAY CLASSIFICATION - “SAVA INITIATIVE” PROGRAMME
Commission for Europe — Inland Transport Committee (UN/ECE, GENEVA 1996)

INTERNATIONAL
Va Vb Via Vib Vic Vi
P.1 P.1.2 P.2.1 P.2.2 P.3.2 P23 P33
95-110 172-185 95-110 185-195 195 270-280 285
11.4 11.4 22.8 22.8 33 22.8 33-34.2
25-45 25-45 25-45 25-45 25-45 25-45
1600 - 3000 3200 - 6000 1600 -3000 | 6400-12000, 9600 -18000 (14500 —27000
2.4 2.4 2.4 2.4
34 | 34 | 34 | 34 | 34 34| 37| 37 36| 36 3.8 3.8 3.8 3.8
55 35 65 40 75 100 140 120 150
85 40 95 50 100 120 150 125 170 | 160
90 45 100 55 120 150 180 125 200 | 160
7 7 9.5 10 | 95 10 9.5 10 9.5 10
55 35 65 40 75 100 140 120 150
15 15 15 15 15 15 19 19 19 19 19 19 19 19
15.75| 15.75| 15.75| 15.75| 15.75| 15.75| 20.40| 20.40| 20.40| 20.40 | 20.40 20.40 |20.40| 20.40
17 17 17 17 17 17 | 219 219 | 219 | 219 21.9 21.9 219 | 219
12 12 12 12 12 12 | 16,5 | 16.5| 16,5 | 16.5 16.5 16.5 16.5 | 16.5
from outer edges of dykes on rivers above HNL+ 12.0 m
4.0 4.5 4.5 4.5 4.75 4.75 4.75
12.5 12-25 26 24-26 34-37| 24-26 34-37
115-190 190-210 230 230 260-310 310 310
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I(m)
b (m)
t(m)

W (t)

T(m)

Tv (m)

A (m)

B (m)
Buav

lsast

Hmost (m)

minBmost (M)
Hkab (M)
P.1

P.1.2

P.2.1

P.2.2
P.3.2
P.2.3

P.3.3

Hnnkab (m)

Biab (M)

Bnnkab (m)

Torev (m)
minBprev (m)

minLprev (m)

vessel length

vessel breadth

vessel maximum draught
vessel tonnage

depth on fairway for navigation with reduced
draught (94 % duration)

depth on a level of draught below LNL
(with velocity submersion and skew)

absolute reserve

width of fairway at LNWLs on straight sectors
width of fairway at LNWLs in bends

length of characteristic vessel or pushed convoy
vertical clearance under a bridge

horizontal clearance under a bridge

vertical clearance under overhead power
lines

=]

=T 7]
=
~—

==
=

g S==

vertical clearance under overhead non-power
cables

horizontal clearance under overhead
power lines

horizontal clearance under overhead
non-power cables

depth on lock gate
minimal lock width

minimal lock length
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Figure 1: Cross-section and plain view of the riverbed and fairway in a
bend for the appropriate case of passing-by
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HNL high navigable water level
LNL low navigable water level
Baav fairway width at a bend
By, Bo navigation lane width

Si, Ss, Sp additional width

Ab., Ab2, Abp?, Ab p?

vessel side-slip

B vessel breadth

Tv+A fairway depth

t maximum draught

At vessel skew

Sz velocity submersion

A absolute reserve

Hmost vertical clearance under a bridge

minBmost horizontal clearance under a bridge

B1, B2 horizontal angles of vessel side-slip
Definitions:

Low navigable water level — LNL:

Low navigable water level of a free-flowing river at a certain water gauge
corresponds to the water level defined with a 94 % duration discharge
(Qoa%). LNL = Vasy [cm or m.a.s.l.] and at any point along the free-flowing
river corresponds to the water-surface level with a discharge duration of 94 %
of the days in a year. It is defined based on a statistical analysis of
discharge duration taking into account 30 years of observation. Traditionally
it is used to determine the flow profile at low water levels when navigation on
smaller rivers is performed with a reduced draught of the reference vessel.

High navigable water level — HNL:

High navigable water level of a free-flowing river at a certain water gauge
corresponds to the water level defined with a 1 % duration discharge
(Qu%). HNL = Viy [cm or m.a.s.l] and at any point along the free-flowing
river corresponds to the water-surface level with a discharge duratione of 1 %
of the days in a vyear. It is defined based on a statistical analysis of
discharge duration taking into account 30 years of observation. Traditionally
it is used to define vertical clearance under bridges or overhead power line/
cables.
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Water level with 60 % duration: Veo%

According to AGN [Annex llIb] for every waterway class safety navigation should
be guaranteed 240 days during the year for a proper cargo vessel with
maximum draught. This corresponds to the water level defined with the
discharge duration of 60 % (Qso%). Veox [cm or m.a.s.l.] in any point of free flow
river corresponds to the water-surface level with the discharge of 60 % duration
in a year.

Reduced draught

In practice vessels also navigate at water levels lower than LNL. According
to AGN [Annex lllIb], year-round navigation (except during occurrence of ice)
must in principle be ensured on international E-class waterways (Classes
IV=VII) This means it should be ensured even at levels lower than LNL,
but areduced draught of 1.2 m is permitted.

At — vessel skew is the static sinkage of a vessel’s bow or stern under load (on
the vessel’s longitudinal axis, transverse skew is disregarded) and the adopted
valueis 0.1 m.

S; — velocity submersion is a consequence of dynamic sinkage caused by the
bow-and-stern wave system, flow velocity past the hull, size and shape of the
vessel or convoy, wetted cross-section, and waterway restrictions; the
adopted value is 0.2 m.

A — absolute reserve is the always-free water cushion between the vessel’s hull
and the fairway bed, which is never used for navigation or otherwise occupied;
and adopted values are: for Classes | - IV = 0.3 m, for Class V = 0.4 m, for Classes
Vla and VIb = 0.5 m and for Classes Vic and VIl = 0.6 m.

Small radius categories:
Rmin [M] = minimum radius of the waterway axis in a bend;
Rizn [M] — special radius of the waterway axis in a bend.

Minimum radius

Minimum bend radius of a waterway is the smallest radius of the waterway
axis that allows undisturbed two-way navigation on low navigable water level.
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Special radius

Special bend radius of a waterway is 25 - 30 % smaller than the
minimum. Although generally undefined, in practice it is applied on
river sections where topographic or urban constraints preclude the use of
the minimum radius. In such <cases a wider fairway than that
calculated for the minimum radius is provided.

Navigation lane

A navigation lane is the part of the fairway within which navigation of
vessels or convoys is performed continuously, i.e. a part of the water
surface that vessels or convoys can reach during navigation,
considering its beam, side-slip in bends or yaw in straight sectors.

Fairway dimensions

Fairway is an imaginary rectangle in the cross-section of a waterway in which
navigation is continuously performed; i.e. the part of a river cross-section that
vessels or convoys can reach during navigation with regard to width and depth.
Horizontally it is defined by the navigation lane and safety widths. One
direction of a fairway consists of one navigation lane and safety widths.
Vertically it is defined by the vessel or convoy draught, vessel skew and velocity
submersion that occur during navigation.

Clearance

Clearance under a bridge is the free space between the waterway and the bridge
(Figure 1). Vertically, it is the space between the water surface and
the bottom edge of the bridge structure; and, horizontally, it is the space
between the inner edges of the bridge’s river piers. Here, clearance under a
bridge is defined as an imaginary rectangle defined with width Bmest [Mm] and
height minHmost [M] as the minimum clearance under a bridge for each
waterway class. It contains extra space that a vessel cannot achieve neither
concerning width nor height. During two-way navigation under a bridge, two-
way navigation is reduced to one-way due to the security of the bridge
construction, but the proclaimed fairway width is not reduced.
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Annex 2: Sava River waterway profile.
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Note: the values indicated are in accordance with applicable Detailed Parameters for
Waterway Classification on the Sava River, and individual sections may deviate slightly.






3.

INFRASTRUCTURE

3.1 PORTS AND TERMINALS

Ports are water areas of rivers, canals or lakes, and their directly connected land
area with developed port structures that ensure efficient performance of port
activities, whereas terminals / landing places are water areas and land areas
directly connected to them, with facilities necessary for berthing and anchoring
of vessels and for embarking or disembarking passengers or particular types of
cargo.

In a broader sense, the term “port infrastructure” includes all water areas inside
the port area (river access and port basins), all shoreside structures (quay walls
and other embankments), all facilities within the port limits (developed and
undeveloped), as well as public-transport infrastructure (roads, railway, bridges.
etc.).

The degree of development, equipment and capability of ports and terminals /
landing places largely determine their competitiveness and demand for
waterborne transport in the freight-services market.

Bearing in mind the economic potential of Sava River Basin countries, it is
evident that a sound network of ports and terminals / landing places exists and
that they will, in parallel with fairway development, be modernised and their
internal processes upgraded so as to be ready for the time when unobstructed
navigation on the Sava River becomes a reality.

In general, there are two basic types of river ports, each with its specific roles,
activities and special services:
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¢ Conventional river ports — they provide cargo handling / transhipment
services, transferring it from ships to the shore by inland vessels, using
mainly traditional “Lo-Lo” (lift on / lift off) vertical cargo-handling
technology of different types for dry cargo, including containers (ports not
specialised for any “non-conventional” cargo or technology);

* Specialised river ports — they provide only dedicated services or mainly use
non-conventional technologies in handling and / or in other port operations.
They also include private ports where industrial plants and facilities are
directly located on the fairway.

Apart from the previously described port types, it is necessary to explain the
terms “terminal” and “place of transhipment”, which will appear frequently in
the parts of this Chapter.

A terminal (literally, a “final destination” for a particular means of transport) is
part of a port, or a separate cargo transhipment / temporary storage unit, that
deals with particular types of goods, such as oil terminals, grain terminals,
container terminals or Ro-Ro terminals. A terminal is in no case the cargo’s final
destination; it is solely the place where the cargo transfers from one means of
transport to another.

Place of transhipment is a suitably equipped and positioned location directly on
the fairway bank that lacks a proper port basin. Such sites are used by industrial
companies or by service operators engaged by a company to tranship cargo
carried to or from that point by inland vessels.

The term “port superstructure” includes all structures and buildings erected
within the port infrastructure and used for cargo transhipment, storage and
distribution, and will not be discussed further in the following text. It includes
handling / transhipment equipment (cranes), warehouses and silos, office
buildings, and also private-transport infrastructure (private railway or rails
running from a crane).

The following table provides an overview of principal ports and terminals /
landing places in the Sava River Basin and accompanying key information; while
more detailed data relevant to this Manual follow the table.
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Table 4: List of important ports and terminals on the
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3.1.1 Sisak port and warehouses

Located on the left bank of the Kupa River, immediately upstream of the road
bridge at the entrance to Sisak from Zagreb, the cargo port of Sisak was, until
the 1990s, an important infrastructure facility where significant volumes of
goods for the wider Sisak—-Zagreb area were transhipped and stored. It is well
connected to all major railways and roads, and it has its own shunting yard and a
road-vehicle terminal. It also has a 170-metre vertical operational quay with a
capacity to moor 4 vessels.

3.1.2 Passenger terminal Sisak

The passenger pontoon lies in the very centre of the town, on a regulated
section of the left bank of the Kupa River, immediately in front of the
harbourmaster’s office, and can accommodate a large passenger vessel or
several smaller (tourist) boats. The electricity supply is provided from the
illuminated operational quay, which doubles as the main town promenade. A
hotel, post office, police station, shopping centre and other facilities significant
to crews and passengers are all located in the immediate vicinity.

3.1.3 Galdovo basin

The Galdovo basin is located at rkm 593.7 on the left bank of the Sava River; and
essentially acts as a shipyard with overhaul facilities. The area of the Galdovo
shipyard landing place is regulated under the Regulation on Designation of the
Port of Sisak Port Area, which extends over an area of approximately 12 ha.

3.1.4 Oil terminal Crnac

Serving as the transshipment installation of the Sisak Oil Refinery, this oil
terminal lies downstream of the Kupa River confluence on the right bank of the
Sava River at rkm 587.0, and is dedicated exclusively to handling crude oil and oil
products. It has two pontoons for transshipment of crude oil and one pontoon
for transshipment of oil products.

3.1.5 Brod refinery cargo terminal

Serving as the transshipment installation of the Brod Qil Refinery, with its
platform and ancillary structures, this terminal sits in the immediate vicinity of
the oil refinery on the right bank of the Sava River, at rkm 374.5, and is
dedicated exclusively to handling crude oil and oil products.
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3.1.6 Port of Slavonski Brod

Situated downstream of Slavonski Brod on the left bank of the Sava River, at rkm
363.4, the port is organised as a modern freight logistics centre offering a wide
range of services. According to spatial-planning documents, the port area
belongs to an economic-production zone. It is connected by road and rail to
international transport corridors as well as to economic operators of Slavonski
Brod. The port is still in development, and currently stretches over 370 metres of
vertical quay.

3.1.7 Oil terminal Ruscica

The oil terminal Ruscica, serving as a transshipment installation within the
Adriatic pipeline system, and dedicated solely to handling crude oil, lies just
several hundred meters downstream of Slavonski Brod, at rkm 363.0.

3.1.8 RTC Samac port

With its geographic position, RTC Samac port is a true example of an intermodal
platform on the fairway, and its proximity to Corridor Vc and Corridor X,
together with a good connection to the interior of Bosnia and Herzegovina,
contributes to the recognition of this port as an important one for Bosnia and
Herzegovina and beyond. Covering 58.8 ha on the right bank of the Sava River, at
rkm 313.0, at the eastern entrance to Samac, it offers a firm basis for further
development of port services. The port has a 311-metre-long vertical quay, a
basin with 150 metres of unfinished operational quay, 30,000 m? of open
storage space, 3,600 m? of closed storage space, road and rail infrastructure, and
mobile cargo handling / transhipment equipment. Anchoring and turning of
vessels and convoys is made possible downstream of the port.

3.1.9 Port of Brcko

On the right bank of the Sava River, at rkm 228.2, the Port of Brcko, famous for
its rich tradition of port services, occupies 14 ha in the very centre of Brcko and
represents a significant potential and a respectable resource. Likewise, such an
advantageous position also entails drawbacks in the form of limited
opportunities for further development and problems related to traffic-access.
Three anchoring points, arranged according to technological operations and
types of goods, are located in the immediate vicinity of the operational quay.
Operational quay length alongside an inclined quay is 104 m and 76 m alongside
a vertical quay.
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Four shunting tracks with a combined length of 2,586 m run next to the
operational quay. A single-track railway section connects the port to the main
railway station. The port has 61,000 m? of open storage and 11,000 m? of closed
storage space.

3.1.10 Port of Leget

Port of Leget, owned by the company RTC, is located on the left bank of the Sava
River, at rkm 135.7. It extends over an area of 80 ha and is positioned in the
eastern part of the Sremska Mitrovica economic zone. An industrial railway track
connects it with the Belgrade—Zagreb trunk line railroad. Port of Leget is
equipped to provide handling and storage services for all types of goods arriving
or departing via river, rail or road transport means. Goods are stored in public
and customs warehouses, both of closed and open type. Closed warehouses
cover an area of 20,000 m?, while the open storage space extends over an area
of 10 ha. The Port of Leget has a 100-metre vertical quay with a capacity to berth
and load / unload all vessels navigating in the Danube Basin. A portal crane of
6,500-kg capacity stands on the vertical quay, and is capable of handling all types
of general and bulk cargo. In addition, numerous forklifts and a 12.5-tonne
mobile crane are also available for cargo handling purposes.

3.1.11 Free zone Sabac

The free zone Sabac, located on the right bank of the Sava River, at rkm 101.0,
occupies an area of 47 ha within the free zone, and integrates road, rail and
water transport. Cargo transhipment is presently suspended because depths at
the basin entrance are insufficient for passage of vessels. With a water area of
4.5 ha and a basin, the site holds respectable potential. It can simultaneously
accommodate 4 vessels and has the capacity to classify railway cars. The zone
owns substantial mobile handling machinery and a 10,000 m? terminal, together
with a 10,000-m? container-storage space. In addition, it includes a passenger
terminal, 400 m of vertical quay plus 160 m of vertical quay at the basin head.

Storage capacity comprises of 22,000 m? of closed and 12,000 m? of open
storage spaces, with an additional 5,000 m? of storage area designated for
dangerous goods. The 7,000 m? free-zone area can accommodate provision of
additional services, i.e., a customs office, weighbridge and all necessary ancillary
facilities, which makes the site functional and attractive to users.
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3.1.12 Passenger terminal Belgrade

The international passenger terminal is located on the right bank of the Sava
River, stationed at rkm 0 + 750, in the immediate vicinity of its confluence with
the Danube River (rkm 1171). Its exceptional position at the intersection of River
Corridor VII and Land Corridor X makes the area an international traffic and
transport hub, and the many attractions and rich tourist offer of Belgrade render
it an extremely appealing tourist destination. The international Belgrade Nikola
Tesla Airport is only 16.8 km away from the terminal.

3.2 INLAND WATERWAYS

Inland waterways include all water surfaces that can be used for navigation, such
as rivers, lakes and canals. As a rule, the conditions for navigation on such water
surfaces are generally secured within the designated fairway areas. The fairway
in the Sava River Basin has already been defined in the first part of this Manual,
so it will not be additionally elaborated here. Instead, focus will be put on its
basic characteristics: width, depth, bend radius and river flow velocity.

An important and an indispensable part of the inland-waterway infrastructure is
formed by safety-of-navigation facilities: floating signs and riverbank marks,
navigation marks, winter harbours and winter shelters, anchorages, river-
training structures that ensure that fairway dimensions remain unchanged,
navigation locks, optical, acoustic, electrical, electronic, radar and other devices,
etc. In the following text we shall address the most representative ones.

3.2.1 Winter harbours and winter shelters

A winter harbour is a safety-of-navigation facility consisting of a constructed or
natural water area on the fairway that is arranged and equipped as a safe
shelter, thus providing vessels protection from ice, high water levels or other
unfavourable weather conditions.

A winter shelter is a natural part of the water area on a fairway, in a port, or
other landing place, etc., which serves as an emergency shelter for vessels,
protecting them from damage when ice, high water levels or other unfavourable
weather conditions are imminent. The distance between winter harbours should
not exceed 60 km, i.e., one day’s navigation during daylight hours.
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Winter harbours and winter shelters on the fairway may be used on equal terms
by all vessels, whereas vessels carrying dangerous goods must, in principle, use
winter harbours specifically designated for that purpose.

Order in a winter harbour or winter shelter is laid down by the competent
authority of the state in whose territory the winter harbour or winter shelter is
situated, and the stay lasts for as long as the state of extraordinary
circumstances is in force. Winter harbours and winter shelters may, at the ship’s
master’s discretion, also be used outside the period of proclaimed extraordinary
circumstances whenever this is required to protect and save human life, to
safeguard the vessel and persons onboard, or to ensure the safety of navigation.
Ship’s masters, whenever possible, will notify the competent authorities of their
intention to stay in a winter harbour or winter shelter, specifying the reason,
location and time of stay.

Existing ports and terminals / landing places may be used as winter harbours and
winter shelters.

General requirements required for defining winter harbours or winter shelters are:
+ Location of the winter harbour or winter shelter;

+ Systematisation (classification) of a winter harbour or a winter
shelter by cargo type;

+ Categorisation of winter harbours and winter shelters in accordance
with the waterway class of the relevant sector;

+ Marking of winter harbours and winter shelters.
Special requirements are defined by the competent authorities, and these refer to:

+ Commanding authority at the winter harbour and winter shelter;
+ Method of communication between vessels and shore;

+ Vessel berthing (mooring) and anchoring method;

+ Method for reception of waste and other substances;

+ Fire protection, sanitary facilities with running water, ensuring
provision of electricity supply;

+ Access route.



INFRASTRUCTURE

Overview of winter harbours and winter shelters on the waterway
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PIVARA

DAVOR -
Matura

DAVOR —
Lazine

SL. BROD —
Viseéi most

BROD

SL. BROD - Poloj

SL. SAMAC

SAMAC

VUCJAK

STITAR

ZUPANJA

GUNJA

BRCKO

RACA

S. MITROVICA

PROVO- KAMICAK

SKELA

Sava

Sava

Sava

Sava

Sava

Sava

Sava

Sava

Sava

Sava

Sava

Sava

Sava

Sava

Sava

Sava

Sava

Sava

Sava

582.0/left

466.4 — 466.9/
left

461.0/right

428.7 -429/
left
424.5 -425.8/
left
374.9 -375.5/
left
370.1-370.7/
right
365.8 —366.3/
left

315.5-316.2/
left

310.0/right

306.6 —306.9/
left
286.1-286.3/
left
261.6 —261.9/
left
228.1-228.6/
left
228.1-228.5/
right
179.95 -
180.35/right
134.6 — 135.4/
left
82.25-85.65/
right
55.9-57.5/
right

18/8

8/0

5+1/0

12/0

39/39

24/4

20/0

16/16

21/0

15/0

12/12

8/0

15/6

10/4

8/0

5/0

10/4

25/25

10/4

Va

Table 5: List of winter harbours and winter shelters on the Sava River
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3.2.2 Hydraulic structures

General characteristics of free-flowing rivers

To address the problems of navigation, basic information on free-flowing
watercourses must be provided from a navigational standpoint.

In general, a river course consists of bends interspersed with shorter straight
sections. Unlike sea or lakes, a river has a current or flow, a force that directly
affects navigation. River flow velocity depends on two most important factors:
the gradient (slope) of the riverbed and the flow volume of water. Since the
riverbed gradient is constant, any increase or decrease in river flow velocity
depends on the increase or decrease in the flow volume of water, i.e., on water
level oscillations.

The velocity of river flow is not uniform across the cross-section. It is greater at
the surface and towards the middle of the river, and lower near riverbanks and
the riverbed. As a rule, the greatest velocity (main current) corresponds to the
greatest depth. In addition to the longitudinal flow, there are also transverse
currents and circular movements (eddies and limans). These arise in places in
which depth or width changes abruptly, due to submerged obstacles, river
overfalls, etc. For example, when the river meets a “corner” — “elbow” (a place
where it makes a sharp bend and the riverbank juts into the river), a part of the
water mass abruptly turns in the opposite direction along the riverbank, creating
the impression that the river “flows upstream”.

Adverse effects of river currents on navigation are reflected as follows:
+ The speed of upstream navigation is reduced by the velocity of the river flow;

- Downstream navigation can be jeopardised if the force of the current is not
taken into consideration during manoeuvring activities. For example, for the
vessel to berth safely while navigating downstream, the vessel must turn
and position itself for upstream navigation. In that manoeuvre, the current
velocity and the width of the water surface must be taken into account for
the turn to be completed successfully. The manoeuvre must be executed in
time so that the vessel reaches a favourable position relative to the berth.
Namely, with strong currents and low engine power, a vessel may, after
completing the turn, find itself well downstream from the intended berth
point.
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+ In case of engine failure, the vessel is carried by the river current with a risk
of an accident and risking collision with other vessels, rocky riverbanks,
bridge piers, etc. To prevent this, a back-up propulsion engine (if available)
is activated, the anchor is dropped, or the vessel is rowed toward the
riverbank and, at the moment of contact with the riverbank, the vessel is
secured and moored.

Riverbanks

A concave riverbank is the outer bank of a bend, followed by a greater depth and
higher water flow velocity. The main current flows closer the concave riverbank.

A convex riverbank is the inner bank of a bend. Currents flowing alongside it are
always weaker, causing sediment deposition and shallower depths compared to
concave riverbanks.

Left and right riverbanks are determined facing downstream, viewed always
from the source towards the mouth / confluence, whereas river length is
measured and marked from the mouth / confluence towards the source and
expressed in kilometres.

River sediments, river islands and shoals

Watercourses carry huge amounts of sediment (soil, gravel, sand, silt,
limestone). When the current's pulling force is not sufficient to keep the
sediment particles suspended in the river, the sediment settles on the riverbed.
The sediment created by erosion of the concave riverbank is carried in two
directions — one towards the opposite convex riverbank, and the other along
the riverbank that it affects, settling at its protruding section. When water level
changes during high waters, the sediment is carried away and deposited
elsewhere (so-called “shifting shoals”), and at places where shoals were
previously located, depths emerge, and vice versa.

If the riverbed, where the main current shifts from one riverbank to the other, is
wide, the power of the water significantly weakens (river flow velocity
decreases), so a larger portion of the sediment settles in the river’s mid-section,
creating transverse shoals, which later form river islands, dividing the river
course into branches.

The sediment also settles along the straight sections of the river near the
riverbank, where the water is calmer. The largest sediment deposits occur at
river mouths and confluences.

Shoals in the riverbed can also form when the waterborne mass encounters any
type of obstacle, whether natural or artificial, resulting in the water to lose
velocity and power, thus leading to even greater sediment deposition.
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A-A, B-B

Figure 2: Sketch of a river section with shoals in horizontal projection and

cross-sections: A-A, at the crossing, and B-B, when the main current runs

along the concave riverbank. 1 — high concave riverbank; 2 — low convex
riverbank; 3 — fairway axis; 4 — transverse shoals; 5 — shoals

River training for navigation purposes

Water action in a riverbed causes constant changes both in the riverbed and
along the riverbanks. This is primarily reflected in the failure of riverbanks, which
endangers the protective embankments, uncontrollably carries sand, gravel, and
other materials, and creates new shoals. Actions of all these factors result in
fairway shifts, and changes to its basic dimensions — width and depth.

The aim of river course training is to create and maintain depths, widths, and
bend radii within the limits that ensure safe navigation. River-training works
carried out for navigation purposes are typically part of the general regulation of
riverbeds, thus contributing to flood protection, preventing ice accumulation, or
eliminating the risks of so-called “ice floods” and other harmful water impacts.

In other words, the goal of river training is to stabilise the riverbanks and shape
the riverbed for navigation purposes.
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Measures implemented for regulating natural watercourses for navigational
purposes can be very different and can generally be grouped into:

+ Riverbed training; and
+ Channelization of the river course.
These measures are also often used in combination.

Riverbed training for navigation purposes is executed with the aim of forming
a secure fairway of specific dimensions at low navigation water levels (LNL).

River-training activities can be categorised into three types:

* Biotechnical measures, when, for example, various types of
vegetation are used for protection of riverbanks against
failure;

* Dredging works executed in the riverbed for excavation, clearance
and maintenance of fairway dimensions; and

* Fairway regulation, involving traditional river-
training works and structures.

These river-training measures can be applied individually or in combination.

Riverbed training for navigation purposes implemented through river-training
structures and works is most commonly applied in inland waterways. In the
training of natural watercourses for navigation purposes, direct application of
river-training structures in the riverbed, and works to widen river bends
(meanders), are also involved. River-training structures are used for:

+ Protection of against riverbank failure;
+ Construction of new riverbanks;

+ Reduction of the curvature, i.e., increase
of the radius of bends;

+ Closure of branches;

+ Deepening of narrow riverbeds at low water levels using the
riverbed gradient, thereby increasing the river's cross-
sectional flow profile;

+ Stabilisation of the riverbed.
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River-training structures can be made of stone, sand, willow branches, twigs,
unreinforced and reinforced concrete, various types of wire, galvanised wire
mesh, plastic films filled with sand, etc.

Revetments (bank protection structures) are structures built along concave
riverbanks, which are prone to failure due to the action of water currents in
bends. Reinforcement of riverbanks prevents riverbed shifting. Revetments are
most commonly made from gravel and crushed stone, or of concrete blocks on a
gravel base.

Many different types of revetments are used in hydraulic engineering. They can
be divided into vertical and sloped structures.

Vertical structures must transfer horizontal loads to the ground, whereas in the
case of sloped structures, the ground takes over such loads directly (addressing
the stability of slopes). Vertical structures are further divided into two basic
groups, also with regard to the transfer of horizontal forces. The first group
includes gravity-based structures, where horizontal loads are transferred to the
ground through the structure's own weight. There are no tensile stresses
occurring within the structure itself. The second group includes types where
horizontal loads are transferred through internal forces occurring within the
structure.

Figure 3: Vertical gravity-based revetment made of gabion mattresses / baskets
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Sloped revetments are generally categorised by their cladding type. The most
common cladding material is stone in various forms:

+ Riprap (stone protection);

+ Hand-laid cladding (rolling);

+ Mortared stone cladding;

+ Stone blocks bonded with asphalt mastic;

+ Stone-filled gabions.

Figure 4: Sloped revetment with crushed stone cladding.

Due to their simple construction and competitive cost, sloped structures are the
most commonly used solution for riverbank protection. Each sloped revetment
has two essential constitutive elements that characterise it. These are used to
counter the action of hydrodynamic forces of water. They are: cover layer and
toe protection.

Guide bunds are also used for training of concave riverbanks, particularly at
those sections where structures should be placed on the riverbed, in order to
reduce the river bend radius. They can be made of stone or sand-filled bags, on a
base made of crushed stone or fascine mattress (fascine - bundle of willow
twigs). The body of a guide bund is connected to the riverbank by traverses, thus
creating inter-traverse fields. In these, the velocity of the water mass that
overflows the traverses is reduced, which increases the sediment deposition rate
and prevents water from flowing between the structure and the riverbank. This
accelerates development of new riverbanks. Guide bunds can also be applied in
river-training of straight sections if it is necessary to narrow the riverbed or to
increase the depth. In such cases, these structures are simultaneously built on
both the left and right riverbank.
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Figure 5: First guide bund on the Sava River.

River groynes are the most common used type of structure. As a rule, groynes
are constructed on convex riverbanks, but can exceptionally be constructed at
straight river sections as well. Groynes are built exclusively in series. Their
function is two-fold: they narrow the riverbed, increase the riverbed gradient,
depth and flow capacity with regard to sediment transport, and, on the other
hand, they cause sediment deposition between the groyne fields. During periods
of medium and high water levels, water flow over the groynes loses its velocity,
i.e. its power for sediment transport, and the material it carries is deposited in
groyne fields, which results in the formation of a new riverbank. If the convex
riverbank is protected by groynes, the opposite concave riverbank must be
protected with a revetment or guide bunds.

Groynes and guide bunds are often competing solutions for the same purpose.
Each has its own advantages and disadvantages. Consequently, guide bunds
have an advantage over groynes due to the uniform flow along the structure, as
the continuously defined regulation line prevents local erosion in the riverbed,
and sediment transport is uniform along them. The disadvantages of guide
bunds include the following: high construction costs, difficult and expensive
error correction / repairs, difficulties during execution due to problems with
foundation works in deep water, slow filling of the old riverbed and the need for
a sturdy toe of the structure. What are disadvantages for groynes, are
advantages for guide bunds
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Figure 6: Groynes on the Sava River —
Raca sector (top) and Skela (down)

and vice versa. Consequently, groynes have the following advantages: easy
adjustments and error correction, efficient filling of the old riverbed, and lower
construction costs. The disadvantages of groynes are the occurrence of a
transverse flow in the riverbed, frequent damage during periods of high water
levels (overflows), and the point-like definition of the regulation line (as opposed
to a continuous one). Special types of river-training structures have also been
developed, such as the “hockey stick” and “T-head” groynes. These are a
combination of longitudinal structures and groynes, where the groyne head is
completed by a part of the longitudinal structure (guide bund). These technical
solutions help avoid the greatest disadvantages of traditional groynes, such as
the point-like definition of the riverbank and the occurrence of transverse
currents in the riverbed.
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Weirs play a significant role in training of rivers, which are characterised by
numerous branches and waterway bifurcation. After selecting the river branch
that will be used for navigation, other branches are closed-off with weirs, thus
concentrating the flow of water into one river branch. Similarly, weirs are used
to close-off abandoned branches after the construction of cutoff.

A river bend cutoff was once a very common river-training measure on rivers
with sharp bends. A cutoff starts with the development of a new riverbed that is
suitable for navigation and shortens the river’s course, and is used at sections
where a natural meander should be shortened for navigation needs, increasing
watercourse flow, or for other purposes (e.g. establishment of an inland port or
winter harbour).

The location of the cutoff (or channelization) is accompanied by a combination
of river-training structures. They include revetments in the riverbed, upstream
and downstream of the cutoff, stone deposits at the cutoff itself, a cutoff
channel as a main channel and weirs. The following figure shows an example of
a cutoff.

‘Preloséica

Figure 7: Cutoff example - Prelos¢ica on the Sava River
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Revetments prevent the occurrence of adverse changes on the beds of
watercourses, before and after the cutoff. The new channel, as a main one, is
constructed as a channel reaching up to the level of the underground water, and
is always routed closer to the convex (inner) bend of the riverbank. Deposits are
used to control the spread of the cutoff and limit it to the designed width. Weirs
are constructed both upstream and downstream of the cutoff, or only on the
upstream section, depending on whether the abandoned riverbed is to be used
for other purposes (e.g., port) or not. They are constructed only after the new
riverbed is almost completely developed, i.e., once it is developed enough to
allow water, sediment, and ice to flow through it without hindrance (so as not to
cause excessive water deceleration and potential flooding upstream of the
cutoff). Weirs accelerate the final formation of the cutoff, but they are usually
constructed in phases (either by height or length), so that large water waves can
still pass through the old riverbed during the formation of the new one. Cutoffs
require relatively extensive works in the watercourse, resulting in changes in the
flow regime, sediment transport regime and changes in the geometry of the
riverbed, not only at the location of the cutoff, but in the wider area as well.

Figure 8: Confluence of the Drina River
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Confluence / mouth engineering is carried out in a bend and on the concave
bank of the main stem, thus providing the most efficient mixing of waters from
both watercourses, followed by adequate transport of sediment and ice. For the
confluence / mouth to remain permanent, it must be reinforced with
appropriate river-training structures, most often revetments. Problems arising
during tributary confluence / mouth training are hydrological and hydraulic in
nature. They include the flow regime of tributaries, the flow regime of the main
stem (parent river), mutual relation of the aforementioned two regimes
(problems of coincidence of high waters, propagation of a flood wave) and the
characteristics of the tributary with regard to flashiness. Changes in water level
of the main stem cause deceleration or depression in the tributary. Deceleration
causes the occurrence of sediment depositions in the tributary, while in the case
of depressions, erosion of the tributary bed and sediment deposition
downstream of the confluence / mouth in the main stem is to be expected. If
high water levels of tributaries cause deceleration in the main stem, sediment
deposition upstream of the confluence / mouth in the main stem should be
expected. When the water wave of the tributary decreases, increased velocities
in the main stem can be expected, with pronounced erosive action and sediment
deposition downstream of the confluence / mouth.

When river-training structures represent a navigation hazard due to low water
levels, they are marked with riverbank marks and floating signs. Heights

Figure 9: Ship lock
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of guide bunds, traverses and groynes are determined based on altitude.
Namely, their top end (“a crest”) is at the level of the minimum navigable level
plus one metre. Since all water gauges have defined minimum navigable water
levels, it is possible to determine the water level at which the upper end of the
structure or groyne will emerge for each relevant water gauge. Since small
vessels navigate outside of the defined fairway, these data are crucial for them.
Based on the aforementioned, it is always possible to determine the water
depth at the location of these structures, i.e., to ascertain whether and to what
extent the structures are above water. Weirs closing individual river branches
are, as a rule, set at the same elevation as groynes and other river-training
structures. However, some weirs are constructed at a higher elevation than the
other river-training structures (usually one metre) due to reasons of a
hydrotechnical nature. Some weirs have shorter bodies and lower crest
elevations, allowing smaller vessels to pass through during periods of low water
levels.

Channelization of the river involves dividing it into one or more profiles with
artificial barriers — dams, which significantly change its hydrological regime
contributing to favourable navigation conditions. Impoundment / channelization
of the river creates a discontinuity in the water surface level (difference in upper
and lower water levels), which vessels overcome using ship locks, cranes or
water slopes.

Application of new river-training measures in waterway regulation

In recent years, discussions regarding European rivers have intensified, focusing
on the protection of river ecosystems and natural landscapes. A key objective of
the EU Water Framework Directive is to prevent further deterioration and
protect and improve the status of aquatic ecosystems. Furthermore, discussions
on river protection, considering the need for continued economic development,
have led to a growing understanding of the need to harmonize the interests of
economic development and environmental protection during future fairway
improvement activities.

In this context, the Joint Statement on Guiding Principles for the Development of
Inland Navigation and Environmental Protection in the Danube River Basin,
adopted in 2007 by the ICPDR (International Commission for the Protection of
the Danube River), the Danube Commission, and the International Sava River
Basin Commission (ISRBC), was drawn-up as a key tool to guide the process of
planning and implementation of projects on inland waterways.
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The objective of the Joint Statement is not merely to avoid environmental harm,
but — through the application of ecological engineering solutions, i.e., eco-
engineering — to improve the current status of aquatic ecosystems. As
assistance to all those involved in the design, construction, and maintenance of
fairways within the EU project PLATINA, the PLATINA Manual on Good Practices
in Sustainable Waterway Planning was developed, which, among other things,
contains examples of applying so-called eco-engineering. One example of
applying eco-engineering (according to the PLATINA Manual) in fairway
regulation is the construction of so-called declining groynes (groynes that are
detached from the riverbank), which represent a very high-quality solution from
an environmental protection standpoint, guided by the idea of reducing the
impact on the aquatic ecosystem, especially with respect to sediment
deposition.

95 % + 1 m (60 %)

95 %

cca2/3L ccal/3L

-

Figure 10: Declining groynes
(ref. Applied River Engineering Centre web-site)
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The application of eco-engineering also includes returning excavated river
sediment to the watercourse at suitable upstream locations, and the
construction of declining groynes separated from the riverbank allows for the
following: fish migration in the near-shore area, reduction of sediment
deposition around the groynes, and a reduction in the formation of terrestrial
habitats in the riverbed section between the groynes.

Likewise, as an additional example of good practice, or a mitigation measure
(according to the PLATINA Manual), during the construction of declining
groynes, placement of wooden logs behind every 3 to 4 groynes can be noted. In
this way, the flow of water over and around the logs creates pools that provide
additional shelter and resting places for fish, thereby increasing micro-habitat
diversity, while erosion is localised between the riverbed and the riverbank.
Such solutions have rarely been applied in Europe, but their application in the
training of critical sectors on the Sava River (e.g., Jaruge — Novi Grad) has
recently commenced, as an attempt to reconcile the interests of fairway
regulation and environmental protection.

3.3 MARKING THE WATERWAY /
FAIRWAY

The connection between navigation regulations and the necessity for safe
passage is expressed through internationally standardised rules for navigation
marking infrastructure broadly. The fundamental requirement for this markings
is to ensure, throughout the navigation season, the safety of vessels and the
continuous flow of traffic both by day and by night, as well as to provide
shipmasters with clear and unambiguous indicators regarding the direction and
boundaries of the fairway.

In terms of the objective pursued, the marking system comprises of
two categories of signs:

a. Signs used to regulate navigation on the waterway, and

b. Signs and signals installed on the waterway.

In addition to these marks, the fairway is marked with kilometre marks and,
when required, the fairway can be additionally marked every hundred
metres. All signs, which are prohibitory, mandatory, restrictive,
recommendatory, informative and auxiliary signs, are set out in Annexes that
constitute an integral part of the Navigation Rules on the Sava River Basin.
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During navigation, vessels’ crew members shall obey the requirements and take
into account the recommendations or indications brought to their attention by
these signs. Combination of floating signs and riverbank marks are used to
indicate the limits, the direction and the depth of the fairway and, in addition,
to mark obstacles and permanent structures on the fairway or in its vicinity.
The number of signs, bank marks, floating signs and their on-site location shall
meet the requirements of navigational safety. The selection of marks and the
determination of their number depends on the local characteristics of
the fairway and the function of the mark. They are installed in such a way
as to ensure visibility from one mark to the next.

The luminous range of lights and their colours should be kept with the standard
of the International Commission on Illumination (CIE “Colours of light signals”
S 004/E-2001, class A).

The marking system shall be installed by the specialised competent
authorities that are obligated to:

a. Regularly observe the state of the riverbed and the changes taking
place in it, and, on the basis of the results of these observations,
correct the positioning of the signs and marks and, where necessary,
add new marks so that they indicate fairway dimensions;

b. Regularly measure the depth and the width of the marked fairway
and provide the ship's masters with necessary information
regarding minimum fairway depths, widths and river water levels;

o

Establish a plan for the installation of signs and marks in their
respective sectors and establish the type and number of floating signs
and riverbank marks to be used, in terms of the requirements of
navigational safety and local conditions;

d. Ensure, as far as possible, the uninterrupted operation of all floating
signs and bank marks;

e. Inform ship's masters in a timely manner of the date of installation and
removal of signs, of all alterations of importance to navigation to their
number, type, positioning and lighting, and of the rules they establish
for the purpose of permitting passage of vessels in restricted sections
where meeting and passing are prohibited.
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3.3.1 Requirements to be met by signs and marks and
their Marking Plan

The marking system shall, as far as possible, be continuously (by day and by
night) in operation all along the navigable section of the river, and when
the waterway is free from ice until its occurrence; Likewise, corrections
on the fairway will be implemented in cases of water level fluctuation.

In accordance with the state of the fairway, the marking system shall be
positioned in such a way that the vessels sailing downstream can use the part of
the river with high flow velocities, while the vessels sailing upstream can use the
part of the river with low flow velocities.

During periods of high water levels and icing, regular floating signs, which are
removed with the aim of preserving them from possible damage, shall
be replaced, as far as possible, by marker posts and spars, the topmarks and
colours of which shall correspond to those adopted for the respective side of
the fairway.

Riverbank marks serve to guide the ship's masters and to indicate the direction
of the fairway. Floating signs supplement the riverbank marks in sectors where,
in order to ensure the safety of navigation, it is essential to indicate not only the
direction of the fairway but also its limits, and to mark places where
obstacles are present.

If there is a subsequent drop in water level, reconnaissance soundings shall
be performed on some sections of the river in order to check whether
the positioning of the signs is adequate and to establish whether the marking
needs to be supplemented by new signs. The frequency of these soundings
shall be determined by changes in water level. The more rapid the drop in
water levels, the more frequent soundings need to be.

3.3.2 Visibility of signs and lights

Regardless of the position of the vessel in relation to the sign or the marker
light, the characteristics of the sign or light shall remain unchanged. For daytime
signs, these characteristics are: form (topmark) and colour; for night-time
signs: type and colour of the lights.

The forms and colours of topmarks, and types and colours of the lights, are
set out in detail in corresponding Annexes to the Navigation Rules on the Sava
River Basin; while sketches of the signs and marks with minimal dimensions
can be found in special rules regulating the obligation and manner of fairway
marking.
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The basic requirement to be met by signs and marking is the guarantee of good
visibility of all signs and lights by day or night. There are three degrees of
visibility of signs and marks:

a. The sign is visible to the naked eye;
The meaning of the sign is not yet identifiable (simply visible);

b. when the sign is clearly visible and identifiable according to
Navigation Rules on the Sava River Basin (identifiable);

c. Thesign is identifiable and distinguishable from
its surrounding background (conspicuous).

The minimal angle of distinction in daytime for simple shapes (cylinder, cone,
sphere etc.) is between 3 and 5 angular minutes, and for complex shapes
(numbers, letters, etc.) between 5 and 8 angular minutes. For the ship's master
to be able to recognize the daymark (without any optical aids) at appropriate
distances and visibility, the following formula can be used for the calculation of
required minimum dimensions of simple and complex shapes:

H (m) — height of the sign;
L (m) — distance;

H=L-tga=L-sina

a (°) — viewing angle.
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Signs and signals used in the Sava River Basin, unlighted buoys and unlighted
riverbank mark boards shall be covered with reflective material. Light buoys and
lighted riverbank mark boards may also be covered in the same manner and
with the same material. The colours of these materials shall correspond to those
established for the buoy lights or the boards. In all cases, the topmarks of light
buoys shall be covered with reflective paint or material.

The visibility of signs and marks regulating navigation on the fairway shall be
ensured at night by lighting them with fixed directional white lights, operating
uninterruptedly and positioned so that the light does not incommode the ship's
masters. If electric lighting is used, the sign boards are usually covered with
reflective material of a corresponding colour.

It can often be observed that, in addition to markings, e.g., lower parts of bridge
structures and their piers, approaches to locks, sections of canals, etc. are also
illuminated. Luminous intensity is regulated under applicable EU Directives.

For night navigation purposes, solar navigation lanterns have recently come into
use as part of modernisation of fairway-marking systems. Such a marking system
significantly enhances navigational safety thanks to better visibility of the signals
on the fairway. Solar navigation lanterns contribute to a substantial reduction in
maintenance costs, and their use has no adverse environmental impact.

xlmﬁm\‘

Figure 11: Solar navigation lanterns (ref. Plovput web-site)
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3.3.3 MARKING OF CHARACTERISTIC RIVER SECTORS
Signs have two possible orientations, namely:
a. Parallel to the axis of the fairway;

b. Perpendicular to the axis of the fairway.

Signs of type (a) are predominantly prohibitory or indicative signs, and are
placed on the side of the fairway to which the prohibition or the indication
applies.

Riverbank marks, which are used in relation to navigation in both directions
(upstream and downstream), shall be oriented as described under (a). Most
signs are positioned as described under (b), and generally do not apply only to
one side of the fairway. These signs are erected at right angles to the axis of the
fairway so that they are visible to vessel users. Riverbank marks, which are used
in relation to navigation in one direction (upstream or downstream), shall be
oriented as described under (b). In some cases (better visibility), the angle
between the mark and the axis of the fairway cannot be less than 60° (Sketch 1,
sign c).

Sketch 1

As a rule, lighted or unlighted buoys shall be used to mark the upstream and
downstream extremities of sills, riverbanks that narrow the fairway in
meandering sectors, riverbanks protruding into the fairway, piles of stones,
reefs, water supply engineering structures, and underwater hazards or obstacles
(sunken vessels, anchors, etc.).
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Marker posts and spars shall be used as additional signs supplementing buoys in
order to provide a clearer indication of the limits of the fairway over difficult
hazards and in order to mark underwater obstacles. In some cases, and in some
sectors, buoys may be replaced by marker posts or spars.

On sectors of the river intended for daytime and night-time navigation, forks,
junctions and the axis of the fairway, along with obstacles to navigation lying
within the fairway, shall be marked by light buoys or riverbank marks and lights.
Floating signs shall be installed at such a depth and at such a distance from
the obstacle so that the safety and ease of movement of vessels shall be
guaranteed at night and in poor visibility. On sectors where the riverbed is
narrow, preference shall be given to bank marks.

3.3.4 Marking of meandering sectors

Installation of cross-over marks and riverbank lights

Cross-over marks and bank lights may be used in meandering sectors in order to
indicate that the fairway crosses over from one riverbank to the
other. Meandering sectors are marked with cross-over marks and bank lights
when the fairway is sufficiently broad, when its safety is ensured, and when
the direction only requires to be indicated approximately.

Riverbank lights and cross-over marks shall be selected in such a way so as
to differentiate cross-overs in terms of their length, in other words, in terms of
the distance between two neighbouring signs. The length of the cross-
over is relative, since it depends on the width of the fairway.

Cross-over marks and riverbank lights provide the best results on distances up
to 3 km. On such sections, cross-over marks and riverbank lights (without
floating signs) can be placed under conditions where the available width for
navigation is more than two times wider than the minimum width prescribed
for the fairway in a particular sector. If the available width for navigation
is less than the minimum width prescribed for the fairway, cross-over marks
and riverbank lights (without floating signs) cannot be placed at a distance
greater than 1.0 — 1.5 km
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If the distance between two neighbouring cross-over marks exceeds the
calculated visibility, and when the fairway passes close to the riverbank, a
riverbank mark with lights, which additionally marks the position of the fairway,
is to be placed between those two neighbouring cross-over marks (Sketch 2, sign
a).

The riverbank mark with lights is also placed when the fairway passes near the
riverbank (Sketch 2, sign b).

V@a

When the direction of the main current is at an angle to the fairway, in case of
strong side winds or when a similar situation occurs, the fairway can be marked
by additional navigation marks according to local conditions (Sketch 3).

Sketch 3

When the fairway follows the middle of the riverbed over a long distance or it
crosses abruptly from one riverbank to the other, its axis may be indicated by a
pair of cross-over marks on each side of the fairway, as shown in Sketch 4.
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The advantage is given to cross-over marks on each side of the fairway in case of
straight-line sections longer than 5 km, where the available width for navigation
is less than double the value of the minimum width prescribed for the fairway in
a particular sector. In that case and when the riverbank configuration allows it,
the cross-over marks are placed on both margins of transition (Sketch 4).

When the fairway is narrowed by certain obstacles constituting threats to
navigation or other hazards marked by floating signs, it is always preferable to
have two cross-over marks on each side of the fairway.

_Ii]*‘[i] ‘ =" b>5km

b less than double the width of the fairway

Sketch 4

In sectors where the fairway, immediately after moving to the opposite
riverbank, abruptly crosses once again to the other riverbank, three cross-over
marks (the front shall have two boards) must be placed (Sketch 5). In that case,
lights of the back cross-over marks shall be oriented strictly along the axis of the
fairway: one upstream and the other downstream.

e & Sketch 5 [h
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Installation of floating signs

In meandering sectors, where the fairway passes along the middle of the
riverbed, or along the riverbank or passes slowly from one riverbank to the
other, floating signs are used to mark formations in the riverbed or obstacles
(both natural and artificial) on the sides of the fairway (riverbanks, shores,
islands, stones, sunken vessels, wrecks of bridges, etc.), when these obstacles
protrude into the fairway and reduce its width (Sketch 6).

b < double width the fairway; bi < double width the fairway

Sketch 6

These underwater obstacles are marked in meandering sectors by floating signs
if, within the limits of the width indicated above, the depth of water over such
obstacles does not exceed the minimum depth reported for the sector. If the
obstacle is not too wide, a floating sign with light shall be installed on its
upstream section. A marker post or a spar may be installed on its downstream
section, depending on its length.

Floating signs marking the underwater obstacles of considerable length are
installed in such a way that the parts situated closest to the fairway are marked
by light signals, between which unlighted signs are placed, thus enabling a given
obstacle to be marked completely (Sketch 7).

Sketch 7
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In parts of the riverbed where the opposite shore, followed by the fairway line,
is bordered by an inshore bank that favours upstream navigation in calm water,
the riverbank is marked by floating signs independently of the width of the
riverbed.

In meandering sectors, the riverbank marking system generally remains the
same in periods of high water as in periods of lowest water levels, except in
sections where, when water levels are high, it is advisable to find another
fairway with better navigational features. In this case, the selected fairway shall
be marked appropriately.

Marking of shallows

In shallows, as in other sections, the principle of continuous marking of the
direction of the fairway, shall be applied.

In shallows, the fairway can be marked by riverbank marks and floating signs.

Alternately located shallows may also be marked by cross-over marks,
with sufficient available width for navigation in which vessels are able to pass
through them in a straight-line manner (Sketch 8).
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Sketch 8

A fairway passing over shallows is usually marked by floating signs (Sketches 8
and 9).
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Sketch 9

If the fairway passes in a straight line between sandbars, reaching far into the
riverbed, it is necessary to place at least two floating signs at the entry and exit
of such a section: one at the top of the upstream and the other one on the top
of the downstream sandbar (Sketch 10).

Sketch 10

If the fairway is curved in the section between sandbars, it’'s necessary to place
additional floating signs (Sketch 11).

Sketch 11
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Additional floating signs shall also be placed on the entry and exit of rugged
sections with sandbars, which are also characterised by side streams.

In case the application of cross-over marks is impossible, the fairway across a
shallow may be marked by floating signs, on one or both sides, depending on the
width of the fairway and hydrological conditions.

Marking of the vicinity of bridges and navigable passages through bridges

The navigation of vessels and towed or pushed convoys in the vicinity of bridges
and through bridge passages (navigation span) requires particular attention and
precautions on the part of ship's masters because of the narrow fairway. These
sections must, therefore, be marked with the greatest care.

The basic condition that must be met to ensure safe passage through bridge
passages is the marking of the direction of the fairway and also, where
necessary, its sides. Floating signs and riverbank marks may be used in addition
to boards and lights for marking navigable passages through bridges.

The choice and positioning of marking signs depends, in each case, on local
conditions in the section where the bridge is located.

The installation of marking signs in the vicinity of bridges and the buoying of
navigable passages shall comply with the following requirements:

a. In order to indicate permission to use the navigable passage of a bridge,
only signs A.10, D.1 or D.2 from Annex 7 to the Navigation Rules on the
Sava River Basin shall be used;

b. The installation of marking signs shall be based on depth and current
direction measurements, measured for the immediate vicinity of
the bridge and in the approach sections;

c. The positioning of the signs installed in the vicinity of a bridge shall be
modified as conditions of navigation change;

d. If, when approaching the bridge or the navigable passage, the
direction of the current forms an angle to the bridge, giving rise to
eddies around the pillars of the bridge, the signs on the water shall be
installed so as to indicate the direction of the eddies.



Manual on the Sava River Navigation

Floating signs may be installed at the approach to the navigable passage to give
an exact indication of the position of the fairway.

The following examples show the placement of the aforementioned signs
marking the section near the bridges:

a. If a bridge is in a meandering section of the river, the direction of vessels
passing through the bridge passages may be marked by riverbank marks
(Sketch 12).

Sketch 12 é

b. If, due to the larger curvature of the fairway or some other reasons,
marking by the aforementioned signs is not possible, floating signs
(buoys, etc.), placed so as to follow the current, may be used (Sketch 13).

Sketch 13

c. If the bridge is positioned on a section where the current makes an angle
to the axis of the navigable passage, marking may be done by two pairs
of buoys upstream of the bridge. One pair of buoys is placed at a distance
of 100 m - 200 m upstream of the bridge, and the second pair, 400 m -
700 m upstream of the bridge. Buoys further away from the bridge are
placed in such a way so that they mark the river flow in combination with
a pair of buoys closer to the bridge. Another pair of buoys may be placed
downstream of the bridge at a distance of 100 m from the bridge (Sketch
14).
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Sketch 14

Navigational marks with an AIS AtoN station

It should be noted that buoys may also be fitted with an AIS AtoN base station,
and further details on AIS (Automatic Identification System) will be given in
Chapter 6.4 — River Information Services (RIS).

In conceptual terms, an AIS AtoN is a real or virtual aid to navigation of
relevance to navigational safety that is shown as an electronic symbol on the
integrated shipborne ECDIS display.

Fitting a buoy with an AIS AtoN station supplies unambiguous information on the
buoy type, name and true position, in all conditions of visibility, to all vessels
equipped with an AIS device and electronic charts. Moreover, the dedicated
position flag in the Inland ECDIS system highlights any large deviation of the
buoy’s actual position from the position specified in the Waterway Marking Plan,
enabling the competent authority to detect that the buoy has drifted, been
stolen or struck by a vessel.

Figure 12:

Buoy with an AIS AtoN base station (ref.
IECDIS EG / VTT EG presentation 25 June
2015)
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Installation of radar reflectors on marking signs, riverbank
marks and navigable passages through bridges

It is important to equip riverbank marks and floating signs with radar
reflectors so as to ensure their visibility.

When marking signs equipped with radar reflectors are installed, account
must be taken of the furthest distance between the vessel and the sign in
terms of perception of the sign on the radar screen.

This distance depends on the technical characteristics of the radar
equipment, the reflective capacity of the radar reflectors and the specific
conditions of the river, the height of the antenna installed on the vessel and on
the height of the radar reflector, both in relation to the water surface.

Since the Vvisibility of bridge pillars is wusually insufficient on radar
screens, the bridge piers intended for passage of vessels upstream and
downstream must be marked either by buoys equipped with radar reflectors,
placed not less than 15 — 20 m before the bridge, or by radar reflectors
installed on the bridge itself, not less than 12 - 15 m from the
farthest edge of the bridge construction (Sketch 15).

Sketch 15

Corner radar
reflector

12 — 15 m from the farthest edge of the bridge

RIVER

Navigational hazards and various obstacles (sunken vessels, groynes, other river-
training structures, etc.) located in the riverbed may also be marked by signs
equipped with radar reflectors. If the groynes or other river-training structures
marked by radar reflector signals are located along one of the riverbanks while
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the fairway follows the opposite riverbank, which is low and flat, the radar
reflector signals may also be placed on that riverbank so as to facilitate the
orientation of vessels navigating by radar.

Radar reflectors on buoys are most often manufactured using two vertical metal
plates set as a cross, with a horizontal metal plate intersecting them at a right
angle.

Figure 13: Modern foldable radar reflector

Radar reflectors should be made of aluminium or stainless steel.






4.

BASICS OF SHIPBUILDING AND
PROPULSION

4.1 BASICS OF SHIPBUILDING

Shipbuilding is a branch of engineering, concerned with constructing one of the
most complex products — a ship. It is a combination of science and art, and it
reflects the rate of technological advancement of a country. The scientific
component of shipbuilding ensures a ship’s required features such as speed,
strength, unsinkability, stability and manoeuvrability, so that it can resist
frequently difficult navigation conditions. The artistic segment is important since
a ship must be aesthetically striking and recognisable. Shipbuilding plays a
substantial role in the security of a country during a war and in its economy,
both in peace and wartime. The knowledge of shipbuilding has increased over
the last few decades in various fields, from hydrodynamics to probability theory,
simultaneously using the experience and knowledge of many auxiliary sciences
of engineering. Shipbuilding entails construction and repairs of ships, barges,
platforms and other floating vessels. Facilities for shipbuilding are called
shipyards. Scrap yards are places where old ships are cut into scrap metal.
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Figure 14: Tugboat Backa navigating on the Kupa River, 1959
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4.1.1 Ship constructions

Ship is a watercraft operating on seas, rivers and lakes, used for the transport of
goods and people (cargo / freight and passenger ships), fishing (fishing boats),
naval military operations (warships), specialised operations on seas, rivers and
lakes (cable layers, pipe layers, research vessels, etc.) and performance of other
various tasks (tugboats, ice breakers, etc.).

A ship is a large buoyant watercraft, whereas smaller vessels are called boats.
Contrary to a raft, ships and boats have a cylindrical shape that provides it with
the upthrust required for floating on water. Each ship consists of many inter-
related parts that make up the whole.

Following the figure below, the principal parts of a ship identified by numbers
are as follows:

Figure 15: Parts of the ship
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e Bow (1) —is a forward part of a vessel, opposite of a stern;

* Anchor and anchoring gear (2) — one of the most important onboard
systems that keeps the ship in position and, in emergencies, enables rapid
stopping. A ship can have an anchor at the stern, in which case it is referred
to as a “stern anchor”. Anchoring gear consists of: anchors, anchor chains,
an anchor winch / windlass, chain locker in which the chain is stowed, an
anchor hawsepipe through which the anchor chain is fed, hawsehole in
which the anchor rests and an anchor chain stopper;

e Hull (3) — a load-bearing part of a ship, and the one ensuring its
unsinkability. It consists of the bottom, sides and the deck. It does not
include masts, a rudder, engines, etc. More precisely, the hull consists of the
framework (a lattice structure composed of appropriate carrier beams and
profiles, depending on the vessel type) and plating (tightly fixed to the
framework on the outer and inner sides, depending on the vessel type). The
inside of the hull is divided vertically into decks and longitudinally by
transverse bulkheads, the role of which is to divide a ship into functional
areas, increase the ship’s structural rigidity and strength, and create
watertight compartments that can contain water in case of a hull breach or
other leaks, thus preventing its flooding and sinking;

e Propeller (4) —is a part of the propulsion system that drives the vessel by its
rotation. A propeller shaft connects the propeller to the ship’s internal
engine. Main characteristics of a ship propeller are: number of blades,
direction of rotation, diameter and pitch of a propeller. Abaft the propeller
is the rudder, which is used to steer the ship.

e Stern (5) — the back or aftmost part of a ship. The stern lies opposite of the
bow, beneath which the propulsion unit of the ship is located.

* Main deck (6) — a horizontal structure placed over the ship’s hull, fully or
partly covering the inner space of a vessel. The space beneath the deck is
referred to as the “down below”;

e Superstructure (7) — an upward, covered and closed extension rising above
the vessel deck. If it spans over the entire width, from one side of the ship
to the other, it is called a superstructure; if narrower, it is called a
deckhouse. As a rule, the ship’s command bridge with its control /
navigation equipment is located on the highest part of the superstructure,
The superstructure increases the ship’s structural strength.



Manual on the Sava River Navigation

In addition to the aforementioned parts, there are some other no less important
elements and assemblies, such as:

¢ Hull equipment / outfitting — all ship parts that do not contribute to its
strength (interior linings, ceilings, flooring, the fitted furniture, etc.).

* Propulsion equipment — all parts that enable a vessel to move (for example,
in motor vessels: engine, shaft assembly and propeller).

¢ Auxiliary devices — all devices, machines and installations used in auxiliary
operations in engine-rooms and on decks (generators, various pumps,
anchor drive, wheelhouse, plumbing and electrical installations, etc.);

* Mobile equipment — navigation equipment, safety equipment, mobile
engineering gear and the like.
Ship’s main characteristics and dimensions
Ship’s main characteristics include:
+ Ship’s own weight / light weight — expressed in tons;
+ Displacement — expressed in tons or m3;
+ Deadweight — expressed in tons;

+ Volume capacity — expressed in m3, but also in register
tons.

The ship’s own weight / lightship weight is the weight of a fully equipped ship
without fuel, technical and fresh water, ballast water, supplies of food, cargo
and crew’s weight with their luggage. It is expressed in tons.

Displacement can be defined in two ways:
+ as avolume ( %), expressed in m3;

+ as amass, i.e. weight (A), expressed in tons.

The deadweight is the difference between the displacement and the lightship
weight of the ship. It is expressed in tons. There are two types of deadweight:

+ Useful deadweight — the weight of cargo (freight) and passengers
with their luggage, i.e., the weight on which freight charges are
based.

+ Total deadweight — sum of the useful deadweight and weight of
fuel, food, provisions, and the crew with their luggage.
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The ship’s volume capacity measures the cubic volume of all enclosed spaces of
a ship. It is expressed in m3, and also in register tons.

Register ton is a measure of the internal (enclosed) volume of a vessel, and
equals 2.83 m3. This is a formula-derived measure (from Anglo-Saxon units of
measurement) where 1 rt = 100 ft3> = 2.83 m?3.

There are two types of register tons:

+ Gross Register Tonnage (GRT) —

- measure of all internal (enclosed) volume in a vessel;

+ Net Register Tonnage (NRT) —
- measure of internal (enclosed) volume in a vessel space intended for cargo and

passengers.

The main hull dimensions include:

1. Longitudinal dimensions:

I Lep |

Lwe \

Loa

Figure 16: Longitudinal section

Length Overall — is the length equal to the distance between two
transverse planes of frames that pass through the extreme forward

Loa and after points of the vessel’s structure, measured parallel to the
design waterline.

Length between perpendiculars —is the length equal to the distance
between the bow (forward) and the aft (after) perpendicular.

Lep
Length at the (design) water line - is the length equal to the distance
between the intersection of the design waterline with the outline of
Lt the stem and the corresponding intersection of the same waterline

with the outline of the stern frame.
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Also, no less important hull dimensions are:

Parallel midbody length of the ship - the length of the
Le constant cross-section of the hull below the design
waterline.

Length of run (length of the abaft part of the vessel's
L sectional area curve) - measured from the parallel
R midbody, or from the dead-flat frame (if there is no
parallel midbody), towards the stern end of the
design waterline.

Length of entrance (length of the abaft part of the
L vessel's sectional area curve) - measured from the
£ parallel midbody, or from the dead-flat frame (if
there is no parallel midbody), towards the bow end of
the design waterline.

2. Cross-sectional dimensions:

;A . ;

DEPTH

o

—1 draft

BWL
Figure 17: Cross section

Extreme breadth of a vessel measured at the
B (beam) outside of the hull amidships.

Extreme breadth regardless of whether it lies below

Boa or above the waterline.
(breadth

overall)

Extreme breadth on the design waterline,

Buw. regardless of the position.
(breadth on

waterline)

Breadth on the design waterline at the dead-flat
Bx frame.
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3. Vertical dimensions:

Depth moulded — measured in the plane of the midship
frame from the top edge of the keel to the top edge of the

Dwm(H) beam at the side of the uppermost continuous deck at
side. For wooden vessels, the depth is measured from the
outer rabbet of the planking on the keel up to the top edge
of the beam at the side.

Freeboard - the height of the vessel’s above-water portion,
measured at mid-length of the LPP, from the design

Fun waterline to the upper edge of the deck plating (including
any wooden deck sheathing, if fitted).

Ta Draught aft — measured on the after perpendicular from
the baseline to the waterline.

T Draught forward — measured on the forward perpendicular

from the baseline to the waterline.

Mean design draught — height of the immersed part of the
Twm vessel, measured at mid-length of the LPP, from the top
edge of the keel to the designed waterline.

The draught at the dead-flat frame (greatest cross-section)
- height of the immersed part of the vessel, determined at
the dead-flat frame point, from the top edge of the keel to
the designed waterline.

Tx

4.1.2 Vessel hydrodynamics

Vessel hydrodynamics is a discipline studying:

+ Motion of vessels through the water and phenomena occurring during such
a motion;

+ Vessel mobility issues and steering;
+ Behaviour of vessels on waves.

Mobility of a vessel represents its ability to change position in water using the
thrust force. The thrust force can be calculated based on the ship’s resistance
and propulsor features.

Vessel resistance is the force (N) working against the vessel’s motion. For a body
to be able to move at a certain speed in fluids, a certain force must be applied to
overcome resistance. The movement of vessels through fluids is opposed by
hydrodynamic forces of fluids and aerodynamic forces of air. When vessels
navigate through water the principal phenomena observed are:
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+ Eddies, which are formed in the immediate vicinity of a ship’s hull
due to the water friction acting against the hull (boundary layer);

+ Large eddies that form on the ship’s stern;

+ Waves, which are generated following a vessel.

Ship resistance elements are divided into:
+ Resistance of the underwater part of the vessel (water resistance) - Ry;
+ Resistance of the above-water part of the vessel (air resistance) - Rz;
+ Other / additional types of resistance - Ro.
Additionally, water resistance consists of:
+ Frictional resistance - Rg;
+ Wave resistance - Ry;
+ Pressure resistance - Rp;
+ Resistance of appendages - Res.
Ship’s resistance is calculated as:

R = Rv+ Rz+ Ro=Re+ Rw+ Re+ Rer+ Rz+ Ro

Frictional resistance represents the main component of the ship’s total
resistance, making up for 50 % - 90 % of the ship’s total resistance.

Figure 18: Ship’s frictional resistance
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Frictional resistance R; is a consequence of the viscosity of water, which
manifests itself as internal friction during the vessel’s motion. Within the thin
layer of water adjacent to the hull surface, called the boundary layer, energy is
transferred from the ship’s hull to the surrounding water, thus generating
frictional resistance.

The boundary layer extends from the ship’s stern towards the bow, since the
increase in ship’s length also increases the area of water affected by friction. The
frictional resistance depends on:

+ Roughness of the outer shell of a vessel — increase of frictional resistance
due to roughness of the ship’s outer shell is on average 15 to 20 %;

+ Size of the vessel wetted surface area — an increase in the size of
the wetted surface area yields higher frictional resistance;

+ Vessel speed — increase in speed increases frictional resistance;
+ Vessel length —increase in length increases frictional resistance.
When studying water-flow phenomena governed by viscous and inertial forces,

a dimensionless parameter called Reynold’s number (RE) is of primary
importance:

L - vessel length (m);

V — vessel speed (m/sec);

Re = =Y v—u - p = coefficient of kinematic viscosity (m?/sec)
v u — coefficient of dynamic viscosity (N - sec/m?)

p — fluid density (kg/m?3)

Depending on the Reynold’s number and hull roughness, flow in the boundary
layer may be laminar or turbulent. Laminar flow is characterised by layers of
water sliding over one another along the hull contours, without any major
variations in velocity. Turbulent flow is characterised by unsteady particle
motions, causing continuous mixing of fluid masses and large velocity
oscillations at every point. Frictional resistance is substantially higher in areas
with a turbulent flow. In practice, flow is almost exclusively turbulent; any
laminar flow near the bow rapidly destabilises and disappears. Consequently, it
is important that the vessel's plating, especially in area of the bow, is as smooth
as possible. Increase in frictional resistance developing due to the increased
roughness of a vessel is 15 % to 20 % on average, but can exceed even 40 %.
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Wave resistance - Ry arises due to water resistance, i.e., due to the water
resisting the change of its own state. Any increase in vessel speed increases the
size of waves, i.e., causes an increase in wave resistance.
The waves created by the ship can be:

. Divergent waves;

+ Transverse waves.

Figure 19: Shape favourable for wave resistance

At low speeds, transverse waves are barely perceptible, while divergent waves
are visible. Every increase in speed causes the increase in intensity of transverse
waves, and their crests and troughs become clearly visible along the sides of a
ship. A number of transverse waves along the vessel’s sides increases with
growing speed, so at very high speeds only a single wave may occupy the ship’s
entire length.

Waves are generated only by vessels navigating on the water surface. If a vessel
(e.g., a submarine) sails one-and-a-half to three of its own diameters beneath
the surface, the waves disappear, i.e. there is no wave resistance either.

Wave resistance depends on:

+ Vessel speed — any increase in speed causes a progressive
increase in the size of transverse waves, and, consequently, in
their resistance;

+ Vessel shape — any increase in beam-to-draft ratio (B/T)
causes an increase in wave resistance;

+ Vessel length —an increase in length reduces wave
resistance (but increases the frictional resistance; optimal
solution needs to be found).



BASICS OF SHIPBUILDING AND PROPULSION

Wave resistance can also be reduced by fitting a bulbous bow, which, at higher
vessel speeds, can cut total resistance by as much as 18 %.

Pressure (eddy) resistance - Rp, i.e. form resistance, arises because water
streamlines at the stern do not run exactly along the shape of a vessel’s hull.
Therefore, the pressure at the stern and the pressure at bow differ. This
difference in pressures creates the eddy resistance.

Eddy resistance depends on speed, and, primarily, on the shape of a stern, i.e.,
on the manner in which the hull is “sharpened” from the parallel midbody
towards the stern. The main cause for formation of eddies around vessels with a
conventional form is the expansion of the boundary layer, which causes a
change in the principal flow regime.

On a full after-body (full stern), boundary-layer water streamlines cannot follow
the contour of the body. Consequently, the boundary layer detaches, the water
streamlines change direction and create eddies. With sharper stern forms, the
boundary layer thickens more gradually, the detachment occurs at a point close
to the stern, and eddy resistance is correspondingly lower.

Air resistance - R; occurs due to above-water structure moving through air. To
reduce air resistance as much as possible, it is advisable to:

+ Construct the lowest possible superstructure;
+ Round off the superstructure and make its form streamlined;

+ Construct the superstructure in a gradual (stepped)
form, towards the bow and towards the stern.

Resistance of appendages - Rz is the cumulative resistance caused by
appendages such as bilge keels, struts, rudder, stabilising fins, etc. The relatively
small surface area of appendages causes a low frictional resistance. However,
occurrence of eddies at and around appendages has a greater impact on
resistance, thus their shapes on the part of a ship below the waterline should be
slender and free of sharp edges.
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4.1.3 Ships and convoys in inland navigation

Types of vessels in inland navigation, by their intended use, are categorised as
follows:

¢ Merchant ships — vessels that carry passengers or cargo (20 m and longer,
tugboats and pushers, regardless of length);

- Cargo vessels / freighters — ships carrying exclusively
various types of cargo;

- Passenger vessels — ships that are intended to carry more than 12
passengers (daytrip or cabin ships);

* Special service ships — vessels intended for special operations and tasks —
public vessels (harbourmaster's office, police, fire service), floating /
technical equipment (dredgers, elevators, floating cranes), fishing boats, ice
breakers, etc.;

e Warships — vessels primarily intended for military operations on rivers and
lakes.

In addition, cargo vessels / freighters can be:

¢ Self-propelled ships (motor ships) — vessels using their own mechanical /
motor drive, apart from vessels using engines exclusively for minor transfers
(in ports, at anchoring points) or for increasing manoeuvring capacities in
convoys;

- Tugs / tugboats — vessels specifically designed and
equipped to propel towed convoys;

- Pushers — vessels specifically designed to propel pushed
convoys;

- Self-propelled vessels — motor ships equipped with their own means
of propulsion, intended for transport of cargo in their own holds.

Note: In practice, there are also combined vessels that are designed for
transport of cargo in their own holds, but at the same time are equipped for
propelling of pushed convoys:

* Non-propelled vessels — vessels not using their own mechanical means of
propulsion; designed and equipped for navigation in convoys propelled by
motor ships;



BASICS OF SHIPBUILDING AND PROPULSION

- Pushed barges / lighters — vessels specifically designed and
equipped for navigation in pushed convoys, i.e. to be pushed;

- Barges — vessels specifically designed and equipped for
navigation in towed convoys, i.e. to be towed.

Special types of merchant cargo vessels / freighters, with and without their own
means of propulsion are:

Tankers — intended for transport of various kinds of cargo in liquid form,
including:

+ QOil and oil derivatives;
+ Chemical products;

+ Liquefied gases.

The majority of the goods mentioned above are dangerous goods, which are
transported using special tanker vessel units with appropriate safety features.
European regulations and recommendations, such as ADN, ADN-R and ADN-D,
as well as national laws governing the transport of dangerous goods, are
especially relevant in this context.

Modern vessels have a double hull that prevents spillage of transported goods in
case of outer shell damage. A ship’s hold is often divided into several individual
compartments / tanks, which can be split into individual areas. This means that a
tank filling system and fire suppression systems (gas return pipe, residual gas
pipes and tanks) are entirely separated. All these systems are essential for
preventing environmental contamination with residual toxic gases and liquids.
Tanks made of stainless steel or holds with a special coating are used to prevent
any reaction between dangerous goods and the tank surface. Heaters and valves
are used in transportation of cargo that can easily freeze during winter, while a
deck sprinkler system protects tanks from summer heat. Transport of liquid
cargo requires utilisation of cutting-edge technology.

Container vessels are ships intended for transport of all types of containers
mainly with high-tariff goods requiring a high degree of preservation. Container
transportation is believed to be one of the main growing markets for transport
on inland waterways. While the traditional bulk cargo sector tends to be
saturated, container transport shows the greatest growth potential.
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Specifically designated ships are being developed in order to cope with increased
demand. In well-developed river systems with good navigation conditions,
container shipping tends to be more economical.

RoRo vessels are mainly designed to carry all types of road vehicles. The main
advantage of RoRo transportation is most pronounced in less-developed
countries of Eastern Europe; it requires relatively small investments in port
infrastructure; thus, RoRo services represent an immediate intermodal solution
for countries whose port installations are less advanced. Main disadvantages of
RoRo navigation include a nearly optimal utilisation of ship space, as well as use
of expensive mechanisms such as trailers.

Basic types of convoys on the Sava River

In order to reach an optimal degree of utilisation of the Sava River fairway, as
well as of various transportation means, especially when moving low-value bulk
goods (construction material, timber, ores, grain, etc.), vessels (lighters and
barges) are organised into convoys. The main types of convoys are:

A pushed convoy - consists of a rigidly connected formation of vessels in which
at least one vessel is located ahead of the motor vessel propelling the convoy
and is known as a pusher. A convoy made up of a pusher and pushed crafts
whose coupling gear allows a controlled, limited angular deviation of the pushed
crafts from the pusher’s heading is likewise considered rigid.

On the Sava River, it is customary to attach 2, 4 or 6 lighters that are propelled
by a pusher of appropriate power. Standard lighters usually used on the Sava
River measure 76.5 m in length, 11.0 or 11.4 m in width, have an average
deadweight of approximately 1,650 tons and a draught of 2.5 m. A large convoy
of 6 lighters measures up to approximately 185 m in length (one pusher and two
rows of three lighters in a side-by-side formation). Pushed convoys are dominant
on the Lower and Middle Sava as far upstream as Slavonski Brod. The size of a
pushed convoy depends on the condition and dimensions of the fairway.

A towed convoy means any group consisting of one or more vessels, floating
establishments or assemblies of floating material towed by one or more motor
vessels, the latter forming a part of the convoy and being termed tugs.
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Even though barges towed by tugs are nowadays almost a completely
abandoned form of transportation on European fairways, they are still used to a
limited extent on the Sava River for carrying crude oil.

A side-by-side convoy is a group of vessels lashed beam-to-beam, with none
positioned ahead of the motor vessel propelling the convoy. Such a formation is
often assembled for manoeuvring in ports, locks and anchorages.

4.2 SHIPBOARD EQUIPMENT

For ships to be used for their intended purposes, it is necessary to equip them
with a so-called shipboard equipment, which entails ship fittings / accessories
and devices. The diversity of shipboard equipment depends on the type and size
of the vessel, sector of its navigation, as well as on the vessel’s intended use. All
equipment must be in working order and located in appropriately assigned
places so it can be used efficiently.

Vessel devices are mainly auxiliary machines and other appliances, either
installed or fastened to the deck.

Unlike equipment, which mainly consists of larger fixed or movable items, the
ship’s fittings / accessories are smaller portable objects of various general uses.
All listed devices or fittings can be used for multiple purposes.

Depending on its main purpose, general equipment of a vessel includes:
+ Anchoring gear and devices;
+ Mooring / unmooring equipment and devices;
+ Equipment and devices designed to preventing flooding;
+ Fire extinguishing equipment and devices;
+ Life-saving equipment and devices;
+ Navigational equipment and devices;
+ Radio communication and signalling equipment and devices;
+ Towing and pushing equipment and devices;
+ Loading / unloading and warehousing equipment and devices;

+ Equipment and devices intended for maintenance of propulsion machinery and
installations;

+ Equipment and devices of a general purpose;

+ First aid equipment.
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Anchoring gear and devices: located at the bow and stern, most of which is
arranged on the main deck. It consists of: an anchor winch / windlass (electric,
motor or manually operated), a main anchor, a back-up anchor (80 % of the
main anchor’s weight), an auxiliary anchor (20 % of the main anchor’s weight),
anchor chains (thick, thin), a hawse-pipe, an anchor davit, auxiliary bollard,
stoppers, a chain locker, etc. As a rule, the length of the anchor chain should be
one and a half of the length of the anchoring vessel. The “Register of Shipping”
or another state-authorised “technical supervisory body”, has laid down, in its
“Technical Rules”, standards governing the relationships between vessel mass
and anchor mass, together with the breaking strength of the anchor chain.

In general, anchors are divided into:

+ Admiralty pattern anchor, which received its name from the British
Admiralty that first stipulated the dimensions for this anchor type. It
consists of a shank, crown, arms, flukes, blades, a moveable stock with balls
and an anchor shackle. Anchors of this type have good holding power, but
their chains easily get entangled around the moveable stock or arms. A
drawback of this anchor is awkward handling, because of which the so-
called “one-armed” mooring anchors were made, and these are used for
anchoring of buoys, other fixed floating establishments and aids to
navigation safety.
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Figure 20: Admiralty Pattern Anchor
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+ Patent or stockless anchors: design of these anchors allows simple hauling
up until they rest with the shank inside the hawsepipe. They are easy to
handle and stow aboard at any moment. The best performing patent
anchors are Hall and Danforth anchors.

Figure 21: Hall anchor

Figure 22: Danforth anchor



Manual on the Sava River Navigation

Mooring / unmooring equipment and devices: installed and symmetrically
arranged on the main deck (at bow, stern and sides) so that the mooring
operation can be carried out as safely as possible. In addition to mooring
winches and capstans, lines and bollards, which constitute the basic equipment
as stipulated by technical rules, this type of equipment also includes the
following: throwing (heaving) line with a monkey’s-fist, a rope reel, reinforced
poles (kazuk), mallet / sledge, reinforced mooring spacer, reinforced steel pulley,
boathook fender, hitcher, shovels, coupling clamps, cross bollards (single and
double), anvil bollards (“ambus”), “radla”, etc.

Mooring lines can be made of steel (steel-wire ropes) and of fibre (fibre twisted
or braided ropes). Each rope has its own intended use, so steel-wire ropes are
used in towing, pushing, mooring, coupling etc., while twisted or braided ropes
are used during mooring in ship locks and side-by-side mooring, but never during
navigation — only during overnight stays.

Apart from lines, ships should have a boathook and reinforced pole — a wooden
pole with a sharpened and reinforced tip (with steel), used to moor a vessel if
there is no other suitable mooring structure.

Equipment and devices designed to prevent flooding: they are of great
importance — they include both the equipment used for pumping the water out
of a vessel (manually operated, electrical and mechanical pumps) and the
equipment used for preventing water from penetrating into hull (salvage tarps,
wooden wedges, calcium-based mineral grease, quick-setting cement, etc.). It
should be noted that due to the particular conditions of inland navigation (small
crews) and waterway infrastructure, it is very difficult to use the equipment and
accessories designed to prevent flooding, so in the event of an accident pumps
and stranding manoeuvres are mainly used.

Fire extinguishing equipment and devices: are compulsory for all vessels.
Depending on the size and the intended purpose of a vessel, various firefighting
systems are designed and installed: sprinkler systems, inert gas and foam
cylinders, along with a number of portable fire extinguishers. Different fire
extinguishing media are used for different classes of fires (electrical installations,
oil and oil derivatives, chemical products, wood, etc.).

Life-saving equipment: it must be accessible and regularly maintained. It
comprises of: life buoys and life vests, lifeboats and life rafts with appropriate
accessories.
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Navigational and steering equipment and devices: located on the deck or in a
vessel’s wheelhouse and master’s cabin, i.e. in locations with high level of
visibility. Main elements of this equipment are the conning console with
instruments, devices transmitting information to engine-rooms, and the rudder
with transmission, a rudder blade and its stock. All devices and equipment
located in a wheelhouse are described in detail in Chapter 6 of this Manual,
covering the navigation issues.

Radio communications and signalling equipment and devices: are located on the
commanding bridge / in the wheelhouse or any suitable position on a vessel’s
superstructure that is easily accessible from the wheelhouse. The most
important ones are: siren / horn, whistle, klaxon, a trumpet, ship’s bell, ship
tannoy, ship’s radio station, masts, signalling and navigation lights, flags and
pennants (according to the International Code of Signals), signal rockets, etc.

Towing and pushing equipment and devices: arranged around the vessel’s main
deck and its superstructure. Towing equipment is positioned on the aft-most
part of a ship, while the pushing equipment is situated on its fore part.

Some of the most important devices include:

+ Towing device — towing winch / windlass — compulsory for tugboats with
power exceeding 200 KW;

+ Towing device — automated towing hook with a safety latch;

+ Steel wire rope — towline / hawser, 80 to 350 m in length, and 12 to 32 mm
in diameter, depending on a tug’s towing power;

+ Shock cord for towlines;

+ Towing ship arch fenders;

+ Auxiliary safety bollard for securing towlines;

+ Additional ship lights and daytime signals;

+ Coupling winches.

Pulling and coupling winches can be: manually operated, motor-driven, electric,
hydraulic, as well as a combination of any of these types.

Loading / unloading and warehousing equipment and devices: their arrangement
depends on vessel type, as well as on the type of cargo being transported. In
addition to the equipment and accessories used for manual loading (rarely seen
on present vessels), today’s vessels mainly use modern electrical, hydraulic and
pneumatic equipment combined in accordance with their size and intended
purpose. In addition to cranes, during cargo loading / unloading operations, the
following items of equipment are also used:
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+ Pallets, boards, dunnage planks and shore legs for stacking cargo;

+ Hooks and clamps (sharp and blunt);

+ Grippers and clamshell buckets for bulk cargo;

+ Loading / unloading pipes, chutes and funnels;

+ Nets, tarpaulins, baskets, boxes, etc. for light and voluminous (bulky) goods;
+ Skids, magnets, levers, etc.;

+ Hand-operated, electric and motor carts, forklifts, and similar vehicles for
moving and stacking cargo in the holds.

Equipment and devices intended for maintenance of propulsion machinery and
installations are diverse, and are mainly related to propulsion, main and auxiliary
engines, and vessel installations. The greater part of this equipment is housed in
the ship’s workshop, and consists of different types of tools and instruments
used to measure various parameters and detect malfunctions. All vessels must
have in stock a certain number of spare parts that can be used for immediate
repairs.

Equipment and devices of a general purpose: include all items not listed in the
above-mentioned groups, but are used on a daily basis during the vessel’s
operation. The most significant elements of this group are:

+ A boat with a chain, oars, bailer, an anchor and a hand lamp;
+ A gangplank (6 m x 40 cm), rails, joints, stands, steps — ladder;
+ Refrigerator, freezer, water bucket with 6 m of rope;

+ Radio and TV, receiver antennas, etc.;

+ Axe, pliers, cutters, saw, screwdrivers, scrapers,
snow shovel, steel brush, etc.;

+ Auniversal tool set, an ice-breaking set (ice-pick, axe and saw);

+ A cleaning set for maintaining cleanliness on the deck and superstructure
(brooms, buckets, wipers, mutton cloths, etc., and paint, solvents with
painting accessories);

+ A cleaning set for maintaining hygiene and cleanliness in common
areas (saloon, wheelhouse, corridors, cabins, etc.);

+ Special sets for maintaining hygiene and cleanliness in the galley and pantry.
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Several of the above-mentioned items of equipment and devices must be
periodically overhauled and their serviceability must be checked, while handling
of some equipment must be regularly practised so that both the crew and the
vessel are constantly prepared for events of an accident or other emergency.

4.3 SHIP’S PROPULSION MACHINERY

The propulsion machinery of a vessel is the name for the power-generating
installations that produce the type of energy required by a vessel during
operation, and consists of:

+ Main propulsion engines, providing propulsion power of the vessel — main
engines;

+ Auxiliary power units, providing energy for all other operations on a vessel —
auxiliary engines.

The required output of main engines depends on the size and speed of a vessel,
whereas the power of auxiliary engines is mostly determined by the vessel’s
intended purpose and equipment.

Main propulsion engines provide propulsion by means of internal combustion
engines, gas or steam turbines. Two-stroke in-line diesel engines are most
frequently used as main propulsion engines in merchant vessels. Main
characteristics of the propulsion engine are:

+ Ability to change the engine’s rpm (revolutions per minute) over a wide
range;

+ Ability of safe reversing in a short time;

+ Ability to work at low engine rpm.;

+ Safe ignition in hot and cold conditions;

+ Reliable running when the vessel is rolling or pitching.

Diesel engines are (thermal machines) in which the chemical energy of fuel is
converted into mechanical work. The chemical energy contained in the fuel is
transformed into heat by combustion (oxidation). Two different operating
principles are always encountered aboard ships: Four-stroke diesel engines,
which may serve both as main propulsion engines and as generator drives, and
two-stroke diesel engines, which are generally main propulsion units.
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Expansion of combustion gases acts on the piston; their reciprocating motion
along the liner is converted, by the connecting-rod or piston-rod mechanism,
into the rotary motion of the crankshaft. Ignition and combustion of the fuel
take place, in most designs, directly in the cylinder, but in some designs in the
pre-combustion or swirl chambers, which is why these engines are classified as
internal-combustion engines. (Engines that burn lighter petroleum fractions —
petrol / Otto engines — also belong to this group, but they will not be discussed
further in the following text.)

Diesel engines can be classified by many criteria, but diesel engines most
commonly used for ship propulsion have the following features: they are two-
stroke, in-line, burn liquid fuel (mainly heavy fuel), are turbo-charged, employ
direct fuel injection into the cylinder space, are built with a crosshead, and are
slow-speed engines.

Steam turbines are thermal machines that convert the thermal energy of steam
into mechanical work and they began to develop rapidly in the 19th century,
although the operating principle was known much earlier. The operating
principle of thermal turbines is as follows: the thermal energy of steam is first
converted into kinetic energy by means of nozzles in the turbine’s stator, and
the working medium (steam) is then guided through the curved flow channel in
the turbine rotor, creating a force that turns the rotor and results in mechanical
work.

The principal — and greatest — advantage of steam turbines is that they are
power plants of the highest outputs. In merchant fleets they are used mainly on
tankers, where large quantities of steam are required for cargo heating, which is
also the reason why steam propulsion is applied on larger tankers.

Advantages of the steam turbine are its very smooth and quiet running,
operational safety, lower maintenance costs, greater durability, good torque
even at low shaft revolutions, and the possibility of running with very low
propeller-shaft revolutions rate. In service, the steam turbine is a considerably
more flexible machine than the diesel engine.

The disadvantages of steam turbines are higher fuel consumption and the need
for a separate turbine for astern propulsion, because steam turbines can rotate
only in one direction. The astern turbine’s output is usually 40 % of the ahead
turbine’s output; moreover, the time required for the propeller to start turning
in the opposite direction on turbine-driven vessels is significantly longer.
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The very fact that the astern turbine develops 40 % of the turbine’s output
(whereas with diesel engines it is 100 %) and that reversing takes much longer
actually means that turbine-propelled ships manoeuvre considerably less readily
than vessels driven by diesel engines.

With regard to the overall cost-effectiveness, the steam turbine becomes a
serious rival to diesel engines in the range above 15,000 kW, with its advantage
increasing with rising power, and it is unrivalled in terms of very large outputs.
The lower economically justified limit for the application of steam turbines is
8,000 kW.

Gas turbines have not found a wide application on merchant vessels and are
used mainly on naval ships in order to obtain maximum speeds and high power
density, so they are often employed in combination with a diesel engine. The
first usable gas turbine was built by the Norwegian engineer Elling in 1903, and
the idea that gas turbines could be employed to drive turbo-chargers was
developed by the Swiss engineer Biichi in 1905.

Research into jet-aircraft engines raised greater interest in maritime circles
world-wide for employing gas turbines on ships. In the early 1970s, the
development of systems enabled the use of diesel fuel for marine gas-turbine
operation, contributing to their wider use afloat.

In brief, atmospheric air is drawn into the compressor; the compressed air
passes into the combustion chamber, where fuel is injected, and after
combustion the gases are led into the turbine. Before reaching the turbine, the
hot exhaust gases flow through a water-cooler, and the steam generated in the
cooler mixes with the combustion gases.

Of all the thermal engines mentioned so far, gas turbines have the lowest
thermal efficiency. Their preparation and start-up time are relatively short,
which is why they have mainly been used on previously mentioned naval crafts,
where efficiency is less critical. Their auxiliary systems are the simplest — hence
cheapest and easiest to maintain.
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Gas turbines generally burn a higher-grade and more expensive diesel fuel and,
therefore, pollute the environment less. Operating costs are high because blade
erosion (burn-off) of the turbine rotor has not yet been technologically fully
resolved. Because fuel burns at high temperatures, the stator blades are (air)
cooled and the rotor blades are made of high-alloy steel with stellite pads
brazed to the hottest part of the blade tip. Given the manufacturing cost, their
service life is too short, so — apart from combined propulsion systems — they
are seldom installed on ships.
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Figure 23: Arrangement of a high-speed and a slow-
speed engine in the engine-room
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Emerging technologies

Regulations addressing exhaust-gas emissions have become even stricter in
recent years. The Regulation of the European Parliament on requirements
relating to gaseous and particulate pollutant emission limits and type-approval
for internal combustion engines for non-road mobile machinery (the NRMM
Regulation, Stage V) defines limit values for exhaust-gas emissions from new
engines. The mandatory limits are very stringent, which will in turn demand the
installation of emission-reduction technologies such as selective catalytic
reduction (SCR) after-treatment and particulate filters, or the adoption of new
technologies and alternative fuels.

It seems that diesel engines will remain the most common form of propulsion
for inland navigation in the medium term. In the longer term, it is conceivable
that gas engines and fuel-cell systems will be used, which would significantly
reduce harmful emissions from vessels.

Possible effective measures for reducing the emission characteristics of marine
engines include the following (viadonau, 2019):

+ Reduction in sulphur oxide emissions by means of low-sulphur fuel;

+ Reduction in hydrocarbon and carbon monoxide emissions by means of
diesel oxidation catalysts (low-sulphur fuel required);

+ Reduction of nitric oxide emissions, for instance by means of exhaust gas
recirculation (requires low-sulphur fuel), humidification of engine inlet air,
in-cylinder water injection or use of selective catalytic reduction (i.e.
injection of a reduction agent for the effective removal of nitric oxide
emissions);

+ Reduction of particulate matter emissions by means of particulate matter
filters (PMF).

According to the results of international research projects and experiments, such
as the PROMINENT project (2015 - 2018), the most effective techniques for
reduction of engine emissions and fuel consumption are:
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+ Engines for liquefied natural gas (LNG);
+ Use of fuel with a low-sulphur content;
. Diesel oxidation catalysts;

+ Selective catalytic reduction;

+ Particulate matter filters;

+ Fuel-efficient navigation with computer-assisted decision support systems.

Both the PROMINENT project and the GRENDEL project (both 2019) have
highlighted and discussed the most promising technologies that could be
effective in achieving the greening objectives. In that sense, the most promising
greening or best-available technologies have been selected on the basis of
following criteria:

+ Effects on energy consumption and emissions;
+ Economic feasibility;
+ Technical feasibility;

+ Technological maturity.

A summary of the best-available greening technologies — identified on the basis
of the above-listed criteria is provided it the following text.

Diesel-electric propulsion combines high engine efficiency, low noise levels and
environmental sustainability due to potentially lower emissions of greenhouse
gases and pollutants (GRENDEL, 2019). Any type-approved diesel engine for
inland ships (NRMM Stage V) or marinized Euro VI truck engine could be used for
diesel-electric propulsion. Such diesel engines combined with an electric
generator are known as a generator set (genset) (GRENDEL, 2019). Depending
on the respective application case, diesel-electric propulsion can significantly
reduce energy consumption and related emissions because of its high efficiency:
propulsion needs and power are constantly adapted to actual operational
conditions.

Investment costs are currently relatively high, because electric propulsion
systems are more or less custom-made, adapted to the operational profile of the
specific vessel.
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1. Electric motor:
drives the propeller and may be with or without a clutch.

2. Frequency converter:
supplies the motor with variable-frequency AC power.

3. Main switchboard:
distributes power from all sources to all consumers.

4. Genset:
provides AC and DC power, depending on the selection on the
main switchboard and frequency converters.

Gas and gas-electric propulsion

Liquefied natural gas (LNG) is natural gas (mainly methane) that is cooled down
to -162 °C and, therefore, liquified in order to ease storage and transport. LNG is
mainly an opportunity for large vessels that have a high level of fuel
consumption per year. In that case, high investment costs of the LNG tank and
fuel system could be earned back in savings in fuel costs. LNG would allow for
NOx emission reductions of at least 70 % compared to conventional CCNR Il
diesel engines and a reduction of up to 95 % - 100 % with regard to particulate
matter (PM). CO2 emissions could be reduced by 25 %. Various European
countries offer public support schemes for refitting inland vessels to LNG
propulsion (France, Germany, Czech Republic) (GRENDEL, 2019).
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Although bigger vessels with a high energy demand hold a relatively large share
in the emissions of inland waterway transport in Europe, the number of vessels
suitable for LNG is relatively limited. Moreover, investing in a 100 % LNG engine
is risky because of the current uncertainty with regard to the price gap between
LNG and diesel. In order to earn back additional investment costs for the
transition to LNG engines (which can amount up to 2 million EUR), it is important
to achieve enough savings in fuel costs. This depends on the relative price
advantage of LNG compared to diesel. In the worst-case price scenario analysed
as part of the PROMINENT project, there is not one positive business case for
the application of LNG (Ecorys, 2018).

The latest development in inland shipping engine configurations is the gas-
electric drive. The gas-electric drive is a system whereby an inland waterway
vessel uses one or a number of gas engines that drive generators (gensets) that
generate electricity. This electricity goes to electric motors that drive the ship.

Fuel cell propulsion

Fuel cells are energy converters that continuously convert the chemical energy
of fuel, (usually hydrogen, natural gas or methanol) into electrical energy. Fuel
cells allow local emission-free power generation. Fuel cell propulsion causes no
mechanical stress on engine components because no fuel is burned.
Consequently, there is no wear and tear, vibration or generation of noise as in
conventional engines (GRENDEL, 2019). Maintenance costs are low. The
downsides of fuel cell propulsion are currently the high investment costs and the
limited operational experiences.

Likewise, there are also ongoing discussions on the introduction of fully electric
drive systems, although this is associated with challenges concerning the power
supply infrastructure, regulatory matters, storage capacity, size of the storage
medium, charging time, and range of the vessel.

Auxiliary shipboard machinery comprises of all onboard machinery other than
that used to generate power for the ship’s propulsion. Based on its intended use
it can be classified into machinery required for proper functioning of the main
propulsion engine, machinery for navigation and ship safety, machinery for
cargo handling, and machinery required for the accommodation of crew and
passengers.
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According to location, auxiliary machinery can be divided into deck and below-
deck machinery. Since the deck machinery is exposed to the effects of weather
and sea water, this has to be taken into account when making decision regarding
its location on board. In most cases, auxiliary shipboard machinery serves to
move either solid or liquid cargo carried by the ship, or liquids or gases that need
to be transferred on board. For that reason, the majority of auxiliary machinery
is made up of cranes, pumps, fans and compressors. The number, size and type
of auxiliary machinery items depend on the size, purpose and speed of the
vessel. Sailing ships have the fewest auxiliaries — in which auxiliaries are at the
same time the only engines — whereas passenger ships and warships have the
greatest number of auxiliaries. The size of most auxiliary machines increases
with the size and speed of the vessel. The number and size of most auxiliary
machinery items are stipulated by the International Convention for the Safety of
Life at Sea (SOLAS) and by the rules of classification societies.

4.4 PROPULSION

The theory of ship propulsion (or, shorter: ship propulsion) is the science dealing
with the action of propulsors — devices that generate thrust and thereby set the
ship in motion — and with the hydrodynamic phenomena associated with ship
movement. For a vessel to travel at a given speed, a corresponding force must
be applied that overcomes the ship’s resistance at that speed. The energy source
that generates the force required to propel the ship may lie outside the ship - as
when the ship is towed by towlines or driven by wind and sails - or it may be
located onboard, in which case a special device known as a propulsor, most
commonly a screw propeller, converts the power delivered by the prime mover
into thrust. Today, several types of marine propulsors are in use, differing widely
in their operating principle, location onboard and structural design. These are:
the screw propulsor (propeller) or ship’s screw, the paddle wheel, the cycloidal
— or Voith-Schneider — propeller, the Kirsten—Boeing propeller, and the water-
jet propulsor.

Within marine hydromechanics it is customary to examine propulsion and
steering separately. However, when taken together, the whole set of control
devices on a vessel is referred to as the steering-propulsion unit.

In the field of propulsion there is an indescribable mess of terms (specialised
terms in the English language). An azimuth thruster - AT, colloquially known as a
“Schottel”, is also referred to in English as: azimuthing thruster, steerable
thruster, fully steerable thruster, azimuthing propeller, azimuthing propulsor,
swivelling thruster, rotatable thruster, etc.
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Therefore, it is not simple for people outside the profession to command the full
breadth of terminology in this domain.

It is certain that, at the beginning of navigation, one device could meet both
requirements for propulsion and for steering. While our ancestors, while sitting
on a fallen tree trunk holding some branches in their hands, tried to sail towards
their destination by rowing, they were, in fact, applying what is today known as
a SPU — “a steering-propulsion unit”.

Yet, we would be mistaken in thinking that this is something entirely new, since
oars also represent one type of SPU. An oar, that people made by “perfecting” a
branch, was also used for steering. The ancient Greek, Roman and Viking ships
were steered by oars — sometimes tied with a rope. It is therefore not surprising
that the German word “das Ruder” means both an oar and a rudder.

The oar is just one example of an SPU. They can be found on racing coxless
boats, two-oared rowboats, river boats, Eskimo kayaks, Venetian gondolas,
American-Indian canoes, etc. The rapid development of the SPUs is the reason
why the related terminology has not yet been fully standardised. We can
optionally classify them into 3 groups:

1. Propulsor and rudder combinations;
2. Steering-propulsion units;

3. Hybrid steering-propulsion units.

4.4.1 Propulsor and rudder combination

This SPU is a combination of:

a. A propulsor (that creates various extents of forward or astern thrusts,
thereby enabling navigation at various speeds, vessel acceleration and
deceleration); and

b. An appropriate rudder, which acts on the vessel with a transverse force
and thus alters its course). This is a classic solution for large merchant
vessels.
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The immediate vicinity of the propulsor and the rudder results in favourable
interaction: the propulsor benefits because the rudder placed in its water jet
reduces the loss of rotational kinetic energy, while the rudder placed in a
propeller’'s water jet develops a greater shear force, due to the increased
velocity of the incoming stream. However, hub-vortex cavitation and, to a
somewhat lesser extent, tip-vortex cavitation may cause cavitation erosion of
the rudder (even more severe on fast ships). Bringing the rudder closer to the
propeller has a beneficial effect in diminishing the rotation of the jet, thereby
increasing propulsion efficiency. However, if brought too close to each other,
they can cause intolerable vibration of the hull.

4.4.2 Steering Propulsion Unit

A steering-propulsion unit (SPU) is an integral device performing both the
propulsion and steering functions of a vessel. Such devices have been in use on
smaller and special vessels for a long time, but nowadays their use is being
extended to vessels of a greater tonnage.

There are two sub-groups of SPUs: azimuthing SPUs and non-azimuthing SPUs.

An azimuthing SPU (ASPU) delivers a thrust force in any direction (but not of
identical magnitude in all directions), i.e. from 0° to 360°. Non-azimuthing SPU
(while sailing bow-first) delivers the thrust force only within the limited area of
two stern quadrants.

The non-azimuthing SPU — NSPU sub-group includes: waterjet propulsors, semi-
submerged / surface piercing propellers — SPP and steerable ducted propellers -
SDP.

Waterjet propulsors (or just “jet propulsors”) of various types are used in
shallow waters, especially on unregulated rivers, but far more units are used on
fast and very fast vessels, where their following advantages come to the fore:
smooth peak resistance transition, very low susceptibility to cavitation, low level
of noise and of vibrations. However, they also have some drawbacks, such as:
considerable weight and the loss of displacement at the stern.
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Figure 24:
Waterjet propulsor

Semi-submerged propellers (surface piercing propellers - SPP) are propellers of
various designs that are used on very fast vessels because they adapt well to
draught changes while speed-boating, achieve high degrees of efficiency (no
losses due to the resistance of a shaft, struts or a propeller’s hub), are not
affected by cavitation, smoothly transit over the resistance peak and operate in
shallow waters.

Overload protection of the prime mover in low-speed navigation, where the
transom has not cleared yet, is achieved in practice in two ways. The first
method is applied in hydraulic mechanisms that permit vertical movement of a
propeller.

Figure 25:

Arneson drive with a partially
submerged propeller at the
end of a horizontally and
vertically movable shaft.

The black cuff (rubber bellow) protects the ; -
universal joint. -
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Figure 26:
Sea Rider SPP drive fitted with a U-shaped
shield that also serves as a rudder.

The second method of reducing engine load is the use of a protective U-shaped
shield around the propeller, acting as an exhaust gas pipe in order to cause
artificial cavitation, thus reducing power absorption. A drawback of all SPP
designs is the fact that they project far behind the transom and that propulsors
of a U-shaped shield produce clouds of water-dust in certain operating regimes.

Steerable ducted propellers, SDP — screw propellers in a steerable duct (nozzle)
— are especially used on vessels with heavily loaded propellers (fishing vessels,
minesweepers, ice breakers). In addition to the fact that an increase of water
flow speed through the propeller reduces the propeller load, thus contributing
to the higher degree of utilisation, which is the main task of the duct, it is also
beneficial for the homogenisation of the incoming stream field, it improves the
stability of the vessel on its course (simultaneously decreasing its
manoeuvrability) and protects the propeller.

AziPod system (SPU-ASPU) contains four sub-groups, namely:

Vertical propulsor (VSP) — which differs from all others in having a vertical shaft.
Vertical blades protrude from a circular plate that is attached to the lower end
of the shaft, (this is the reason why the VSP is also termed a “cycloidal”
propulsor or “blade” propulsor), and each blade can be rotated about its own
vertical axis by a system of linkages. Here, thrust variation is achieved by
changing the pitch of the vertical blades around their own individual axes.



Manual on the Sava River Navigation

The best-known example is the Voith—Schneider propulsion unit, which — on
account of its complex and costly structure — is typically installed in smaller
craft such as tugs, floating cranes, ferries, naval vessels, etc. This type of
propulsor offers many benefits: manoeuvring, precise and rapid execution of set
thrust parameters, and direct control from the ship’s bridge, eliminating the
need for components such as a rudder, propeller shaft, stern tube with seals,
etc. The main advantage of this unit is that propulsion and steering are
integrated in a single unit.

In a VSP the propeller with a vertical shaft has, instead of a hub, a drum onto
whose lower horizontal surface the blades are fastened. Each of these blades
can be rotated about its own vertical axis by linkages, and thrust variation is
achieved by changing the pitch of the vertical blades around these axes. In this
way, a thrust vector is generated whose direction can be changed through any
angle within the 3602 span, resulting in excellent manoeuvrability.
Consequently, with two Voith—Schneider units a vessel can even turn on the

Figure 27:
Voith-Schneider
propulsor
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spot, and no conventional rudder is required, provided the hull in the installation
area is flat. Because of its complexity, the Voith—-Schneider system is
predominantly fitted on vessels operating in sheltered waters, ports and lakes.

Azimuthing or steerable or rotatable thruster — AT is a propulsor, also called a
thruster, in which the power generated by the electric motor, diesel or petrol
engine, is mechanically transferred onto the propeller mounted on a horizontal
shaft. In addition to shafts, this requires use of conically shaped bevel gears with
tooth-bearing faces. Propellers can be distinguished as pusher type propellers,
tractor (pulling) type propellers and tandem (twin) propellers. Pusher propellers
often include ducts / nozzles (ducted fans). Some manufacturers of such
propulsors also use contra-rotating propellers.

Podded propulsor — POD is similarly shaped as the electrically driven ATE
propulsor, but with one significant difference — the electric motor is housed
within a submerged, streamlined capsule-shaped body, or “pod”, so that no
vertical or horizontal shafts or bevel gears are needed, since the propeller is
mounted directly onto the electric motor shaft.

Figure 28: Figure 29:
Azimuthing thruster, Azimuthing thruster, diesel driven
electrically driven with with pushing propeller in the nozzle —

tandem propellers — SCD SRP



Manual on the Sava River Navigation

Pump-jet propulsors are manufactured by the well-known German company
Schottel. A pump-jet propulsor differs fundamentally from all the above-
mentioned propulsors, and could be briefly described as a centrifugal pump with
a vertical shaft strut, mounted at the vessel’s bottom. Water is sucked directly
into the pump through the intake funnel in the plate, and is expelled through the
pump’s (spiral) outlet nozzle, at an angle of 15° towards the bottom, so as to
generate the desired thrust direction. It covers a manufactured power range
from 0.05 to 3.5 MW.

Figure 30: Pump-jet
propulsor — Schottel
model SJP®

4.4.3 Hybrid propulsion system (HSPS)

Hybrid SPS is a combination of any typical (regular) propulsor, a propeller, and
an azimuthing SPU — most frequently a podded propulsor POD, but it could also
be an azimuthing thruster (steerable thruster) AT. The essential feature is that
the azimuthing SPU is coaxial with a regular propulsor, positioned immediately
behind it and has contra-rotating propellers. Works on HSPS development have
lately been intensified, and its widespread adoption is expected in the near
future.

4.4.4 Advantages and disadvantages of ASPU and HSPS

The advantages common to all ASPUs and HSPSs, which explain why these
propulsion-and-steering systems have gained such extensive application, are
listed below. Some of the common qualities are:

+ Excellent manoeuvrability of a stationary vessel and at
very low speeds;

+ Quick stop;
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+ Significant reduction of the ship’s turning circle at full speed;

+ Absence of a rudder results in lower resistance, avoidance of rudder
cavitation erosion, and lower costs and weight;

+ Propeller’s positioning in a very uniformed speed field increases its
efficiency and reduces harmful effects of cavitation (vibrations, erosion,
noise);

+ No resistance of appendages on multi-propeller ships;
+ Reduced loss of power in transmission, since there is no stern tube;

+ Rudder and steering device are not required, which results in lower costs
and greater deadweight;

. Simple assembly (no shaft-line alignment required);

+ Transverse stern thruster is not required.

Disadvantages of ASPUs and HSPSs are generally different from one design to
another, and cannot be reduced to a common denominator. Therefore, they will
not be discussed separately on this occasion and at this level.

4.4.5 Cavitation

Cavitation is the phenomenon in which water evaporates and vapour bubbles
are formed. It occurs at the moment when the pressure of water becomes equal
or falls below the saturated-vapour pressure. When the pressure of water
around the propeller blades drops to the vapour pressure of water, the vapour
“bubbles” or “voids” are formed and subjected to higher pressure, where they
implode (turn into droplets again). Implosion in the immediate vicinity of the
propeller's blades may even damage their surface. First damage occurs on the
tips of the blades, where water currents are strongest. This phenomenon is
accompanied by vibrations and noise, and its consequences are lower efficiency
and damage to the propeller.

Basic forms of cavitation are:
+ Sheet cavitation;
+ Bubble cavitation;
+ Cloud (or vapour-cloud) cavitation;

+ Tip- or hub-vortex cavitation.
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Figure 31:
Cavitation

The risk of cavitation is greatest with heavily loaded propellers, that is,
propellers delivering very high thrust. That risk is generally lower when, instead
of a single propeller, two or more propellers are mounted at the stern.
Cavitation occurs above certain rotational speeds, leading to fluid breakdown
and loss of thrust. Ultimately it may prevent the vessel from attaining its design
speed. Prior to that, cavitation manifests as noise, whistle-like sounds, vibration
and erosion of propeller blades, struts and rudders. Whereas -cavitation
problems once concerned only high-speed vessels, the continual rise in
attainable speed and power has made cavitation increasingly significant —
especially in single propeller vessels with high output — because of large
velocity gradients across the propeller plane, which favours cavitation, so
attention must be paid to the clearance between blade tips and the hull.

The most serious consequence of cavitation is erosion. Early observations of
blade erosion were attributed to corrosion, but modern research has explained
the cavitation mechanism, the effects of which, besides erosion, include other
kinds of damage.

4.4.6 Summary

According to the foregoing, it could be noted that this branch of shipbuilding is
perhaps the “most propulsive” one and that it has the strongest tendency to
develop. In structural terms (materials, constructions, displacement...), the
shipbuilding industry advances daily, but matters of propulsion and its reliability
represent an area that will largely determine the future and the competitiveness
of the shipping industry and commercial navigation in general.
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Propulsion systems for inland-waterway vessels develop particularly quickly and

are optimised in accordance with demands set for design engineers, in
accordance with the development of transport and traffic technologies.
Installation and use of bow thrusters in newly built inland-waterway vessels
facilitates their manoeuvring and steering, and contributes to a higher degree of
navigational safety, which is an essential factor under conditions of denser traffic
in narrow or restricted fairways or their sections.

4.4.7 Rudder

A rudder is a device used to steer a ship in the desired direction, and to ensure
that the given course is maintained.

The rudder is an essential element that, in addition to its primary purpose of
keeping a vessel at the correct steering trajectory, can be an integral part of the
vessel’s propulsion unit. Furthermore, it is also one of the vessel’s mobile
appendages. Introduction of mechanical propulsion meant that all these
attributes are to be shared with a propeller. The rudder, as well as all other
elements of the assembly, must sustain pressures, forces and resulting torques
that arise from the rotation at the vessel’s maximum speed. This should include
superimposing forces applied on a rudder plate in heavy weather, due to
subsequent movements, i.e. yaw, pitch and roll. Modern shipbuilding trends
apply a number of different rudder designs that depend on a vessel’s type, size
and speed. The design and shape of the rudder may also be determined by other
factors — design engineer's and owner’s preferences, region of navigation, water
depth, etc.

A common feature of almost all of today’s rudders, regardless of type, is their
hydrodynamically profiled horizontal cross-section.

Single-propeller ships carry the rudder directly behind the propeller. This
enables utilisation of the favourable effect of the propeller jet on rudder action.

Twin-propeller ships can have one or two rudders, but if a higher degree of
manoeuvrability of a twin-propeller ship is required, then a rudder is placed
abaft each propeller.

Depending on the position of the blade relative to its axis, rudders are
distinguished as: unbalanced, semi-balanced and balanced rudders.



o Unbalanced rudders have the entire area
behind the rudder’s axis of rotation;
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o Semi-balanced rudders have 10 % — 15 % of the area in
front of the rudder’s axis of rotation; and

* Balanced rudders have 20 % — 25 % of the area in
front of the rudder’s axis of rotation.

Unbalanced

Semi-balanced

i
Balanced

Figure 32: Rudder types, by position, with regard to axis
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Conventional unbalanced
double plated rudder

Figure 33: Rudder types, by cross-section shape
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Rudder types, by cross-section shape, are divided into:

o Plated rudders, have a regular, flat profile cross-section and, seeing how
their resistance is greater than that of double-plated rudders, they are
rarely used today, and mainly on small vessels or vessels without their own
means of propulsion;

o Double-plated rudders have a cross-section of a symmetrical double-plated
profile that significantly reduces resistance, but its hollow structure causes
problems with impermeability.

By the manner in which they are fastened to the hull, rudders are divided into:

» Simple / conventional rudders: attached to the rudder post by one or
several bearings, and by the rudder stock to the vessel hull;

o Full-spade or hung rudders: attached to the vessel’s hull
only by the rudder stock; and

* Semi-spade/ underhung rudders — additionally leaning
onto the rudder post or horn, and attached to the vessel
stern with a heel piece.

Full-spade, balanced, double- Semi-spade, balanced, Simple, balanced, double-
plated rudder double-plated rudder plated rudder

Figure 34: Rudder types, according to the way they are secured to the hull






5.

STABILITY AND
LOADING OF CARGO

5.1 BASICS OF SHIP STABILITY

Stability of a ship is defined as its ability to regain its upright, original position,
once the external forces, which have caused the heel cease to act. Stability of a
ship can be conceived as the ship’s resistance to heeling. External forces capable
of producing a heel are: wind, waves, unevenly distributed cargo, centrifugal
forces in a turn, water penetration into a vessel’s hull, an athwart-ship pull of a
towline on a tugboat, lifting of heavy cargo sideways, etc. The importance of
ship stability calculations is indicated by the fact that a ship without stability
cannot sail at all (it would capsize), while poor / insufficient stability constitutes
a hazard to the crew and cargo. A loss of stability is one of the most frequent
causes of vessel loss. Majority of the greatest naval disasters resulted from
capsizing caused due to the reasons cited above.

Ship stability is determined by two factors:
o Form stability — form of the immersed part of the hull;

o Weight stability — weight distribution.

Essential parameters required in ship stability calculations are the distance
between the centre of gravity (G), which is affected by the downward pull of
gravity (D), and the centre of buoyancy (F), which is affected by the buoyancy
force (U). The position of the ship’s centre of gravity (G) is defined by the
distance measured from the after perpendicular, and its height above the inner
face of the bottom or keel. Archimedes’ principle states that any object,
immersed in a fluid, is buoyed up by a force (U) equal to the weight of the
displaced fluid.
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Figure 35: Main parameters required for stability calculations

Ship stability can be divided into two basic groups:

+ With regard to acting moments, we distinguish: static stability (which,
depending on the ship’s form and weight distribution, can be subdivided
into form stability and weight stability) and dynamic stability;

+ With regard to direction of heeling, we distinguish: transverse stability
(heeling about the ship’s longitudinal axis - roll) and longitudinal stability
(heeling about the ship’s transverse axis - pitch).

5.2 STATIC STABILITY

Static stability is the state in which the external moments act statically, i.e. do
not change over time, or change slowly and gradually. Consequently,
accelerations and their resulting inertial forces arising from such movements can
be neglected. Static stability can be defined as the ship’s resistance to moments
that displace it from a position of equilibrium.

As external forces are applied to the vessel’s hull, the ship heels, emerging on
one side and submerging on the other. One part of the displacement shifts from
the emerged to the immersed side. The displacement does not change when the
ship heels, since the weights remain unchanged. Moment generated by this shift
of buoyancy creates a righting moment. When static equilibrium is re-
established, i.e., the condition where the statical heeling moment (Mv) equals
the static righting moment (stability moment, Mst), the heeling stops, but the
ship remains inclined. When the external forces cease, the heeling moment
disappears, and the righting moment restores the ship to its upright, equilibrium
position.
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Exposure of the ship to waves during navigation results in inertial forces that are
neglected in the static condition (the static heel is assumed to last a very long
time). The ship must be able to absorb the energy transferred onto it by waves,
i.e., must possess dynamic stability.

5.2.1 Transverse stability

Distinction can be made between initial stability and large-angle stability. Initial
stability occurs when the ship is in a fully upright or in a slightly heeling position.

Value of initial stability in the upright position is measured as the distance
between the metacentre and the centre of gravity, whereas, in cases of small
angles of heel, it is expressed by the initial righting moment Mst0. In cases of
initial stability, angle of heel (¢) is small, ranging from 6° to 8°.

At such angles, the immersed and emerged wedges have equal volume and
shape. In majority of cases, it suffices to analyse the initial stability alone.

The point Mo, where the line of buoyancy force intersects the ship’s centreplane
is called the initial metacentre. The distance MoG is referred to as the initial
metacentric height. Initial metacentric height - MoG - is a measure of initial
stability; it also determines a vessel’s rolling motion.

Moment of the . .
Moment opposite to the heeling moment, moment

external force, . . -
which causes the of initial static