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In literature sometimes different names are used for the same places in the area
covered in this study. A list of the old and new names are given below.

old name new name

I Cochin
Alwaye
Sherthalai
Alleppy
Quilon
Elur

Kochi
Aluva
Chertala
Alappuzha
Kollam
Eloor

I
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I
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1 INTRODUCTION
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I

1.1 PROJECTBACKGROUND

I
I
I
I
I
I
I
I
I

The demand for electric power in India has been growing steeply during the past
decade in almost all regions of the country and power shortages are frequently
experienced, particularly in the rapid industrialising southern regions. The Central
Electricity Authority studied this problem and came to the conclusion that
establishing a string of coal burning coastal power stations is the preferred long
term solution. One of the projected sites for a thermal power plant is at
Kayamkulam on the south-west coast of India, supplied by coal from Talcher mines
in the north-east (see figure 1.1).

A study undertaken in 1988 by the Central Electricity Authority established that
the least coal transport costs from Talcher (Port of Paradip) to the coastal
powerstations in the southern region is by means of sea transport.

Different coal unloading locations have been put forward for consideration for the
Kayamkulam powerplant:

-an offshore harbour unprotected,
-an offshore harbour protected,
-coastal harbour in lagoon near powerplant,
-coastal harbour at lagoon entrance, 2 km south of powerplant.
-via existing port of Cochin (110 km north of Kayamkulam).

For the last option the following alternative ways for transporting the coal from the
coal unloading terminal at Cochin to the powerplant site have been considered:

-rail transport
-inland waterway transport (IWT)
-slurry pipeline
-belt conveyor.

I
I

In order to find the most promising coal transport network, on basis of overall
economic costs from Talcher mines to two new powerplants at Nandigur and
Kayamkulam, a transport optimization study is now being performed by Frederic
R. Harris BV, consuiting Engineers, The Hague. (FRH)

The FRH project is currently in an Interim Phase between the Inception and
Detailed Study phases. The Inception Report (ref.[1]) examined alternatives for the
siting and lay-out of coal unloading terminals for the new power stations.

I In the assessment of alternatives concerning the .coal transport scenarios for the
Kayamkulam powerplant it has been required to perform a more in-depth

I
I
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assessment of the option by which coal will be unloaded at the existing port of
Cochin and further transported by Inland Waterway Transport (IWT) to the
Kayamkulam plant site.

The present project is carried out at FRHfrom February till August 1993 and is part
of the thesis study carried out by the author in the fulfilment of the requirements
for the degree of Master of Science in Hydraulic Engineering from Delft University
of Technology.

1.2 STUDY OBJECTIVE

The objective of this study is to summarize, interpret and where possible quantify
all constraints and opportunities concerning the transportation of the ultimate
projected coal throughput of 8.06 million tons per year (mmtpa) from the coal
unloading terminal at Cochin to the projected thermal powerstation at Kayamkulam
by IWT, using the existing West Coast Canal; and to find the most promising
scenario for this transport system on basis of technical feasibility and costs. Total
costs of the selected option have to be estimated also.

1.3 LOCATION

The waterway stretch considered in this study is part of the West Coast Canal and
runs from Cochin to the Kayamkulam power plant site, situated in south west
India. The proposed site for the IWT coalloading facilities is at Cochin Port and the
unloading facilities at Kayamkulam are indicated in figure 1.2

1.4 PREVIOUSSTUDIES

I
I
I

In order to improve the Inland Waterway Transport facilities in Kerala State, India,
the Indian government is exploring the possibilities of improving the navigability of
the West Coast Canal (Cochin - Quilon) and adjacent waterways.
EarlierDutch missions to the West Coast Canal,('Up-dating mission to the Kuttanad
region' , De Bruin 1985; 'Dutch IWT-mission West Coast Canal', De Bruin 1987)
indicated that the alluvial coastal watersystem forms a complex hydraulic-
ecological system which is "crying out" for an integral approach to its
infrastructural problems.

I
In 1991 RITESstudied the development of inland waterway transport on the West
Coast Canal between Kottapuram and Kollam (ref.[4]). This study is a first step in
a phasewise development of the entire WCC waterway system, extending over a
length of about 560 km along the Kerala coast from Kovalam to Hosdurg. Traffic
forecasts of various commodities were made. Hydrological investigations revealed
that the waterway under study is influenced by tidal variation and river discharges.I

I
I
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Physical constraints, as identified by RITES, are inadequate waterway dimensions,
head clearance at Karumadi Road bridge and dimensional restrietions at
Thanneermukkom and Trikkunnapuzha locks.

I
I
I
I
I
I
I
I

In 1992 a study has been performed to the improvements of the West Coast Canal
for transportation of 8.06 mmtpa coal from Cochin to Kayamkulam (Avarachen
1992 ref.[3]). This study also mentioned that the existing waterway from Cochin
to Kayamkulam has many constraints and is not suitable for the transportation of
coal required for the power plant. In order to achieve the ultimate requirement of
coal for the plant site, it was found necessary to adapt the Thanneermukkom locks
to the design vessel and to delete Trikkunnapuzha loek from the transport system.

I
I
I
I
I
I
I

3



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

INTRODUCTION

DaHI •

•KALIN"'- MINES

PORT

BOMBAY

8AY OF BENGAL

COCHIN

Figure 1.1 Map of India

4



I
I INTRODUCTION

I
I
,I
I
I

KOTTAP~AM

Trikkunnapuzha
S E A loek

UOYOGAMANOAL
(ANAL

Loading terminal
atCochin

I
I
,I
I
I
I

.,

#I.LAPPUZHA

A.RABIAN

I
,I

Power plant
Site

KA YAMKULÄt1

I
LOCA TlON-PLAN

WEST (OAST (ANAL J/

I
I

Figure 1.2 Plan of the waterway route
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Goal of this initial optimization study is to find the most promising transportation
scenario and resulting capital- and annual costs for the inland waterway transport
system. Reference is made to the study objective. To meet this objective the
following methodology will be applied:

1 Make an inventory of the existing IWT situation and identify constraints and
bottlenecks

2 Estimate the outline of the projected future situation, especially the future
cargo throughput

I
I
I

3 Estimate the transport capacity of the existing waterway

If this capacity doesn't meet with the required throughput, then

4 Generate improvement scenarios

5 Analyze the improvement scenarios with respect to the requirements:
-terminal berths
-improvement of the waterway
-fleet compositionI

I 6 Estimate budget costs

7 Select the preferred concept

I 8 Estimate the improvement requirements for the selected transportsystem

I
'I
I

9 Estimate capital- and annual costs as weil as the transport costs per ton

I
I
I 6

I
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METHODOLOGY

METHODOLOGY SCHEME

Figure 2. 1 Methodology scheme
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3 INVENTORY OF THE PRESENT SITUATION

I 3.1 WATERWAY ROUTE

I
I
I
I
I
I
I
I

The waterway route of the West Coast Canal (see figure 3.2) follows the existing
coastal lakes and lagoons, rivers and canals between Cochin and Quilon. The
length of the route from Cochin to Kayamkulam plant site amounts approximately
95 km. A stretchwise description is given below:

Cochin Port (km. 0).

At Cochin Port two channels are most predominant, Mattancherry- and Ernakulam
Channel. The location of the loading terminal is selected at Vallarpadam Island.
Hindrance to other traffic will be minimized when the IWT-vessels follow the
Ernakulam Channel, having a width of more than 500 meters and depth varying
from 3 to 9 m. The tidal waterlevel range is about 1 meter at spring tide and about
0.5 meter at neap tide. The current velocity in the harbour basin may occasionally
reach 1.4 to 1.7 mIs. During the monsoon period it can rise to a maximum of 2.2
rn/s, Inland navigation is not hampered by rough water, poor visibility or currents.
A map of Cochin Port is given in figure 3.1 .

Cochin port to Vaikom (km. 0 - 30)

This section has a width of approximately 1 km. and depth is varying from 3 to 9
m. A road as weil as a rail bridge crosses the waterway near Aroor (km 10) having
a span width of 26m. and a height clearance of 6 m. above MWL.

I
I
I
I
I
I
I

Vaikom to Thanneermukkom (km. 30 - 41)

In this section the width varies from 2 to 4 km. and depth from 3 to 9 m. There
is no need to locate the fairway close to the canal banks, 50 additional investments
for bank proteetion works (revetments) will not be necessary. There are numerous
fishing nets in and along the fairway, in some cases obstructing the safe passage
of vessels. At some piaces ferry boats cross the main channel.
At Thanneermukkom there is a barrage cum lock system. This barrage functions
in the dry season as a watershed between the salt and brackish Cochin harbour
basin and the fresh water system in Kuttanad. It consists of 93 vents each of 12
m. wide and is controlled by electrically operated shutters. During the monsoon
period (from april till july) these vents are opened to discharge the fresh water
monsoon flow into northern direction to Cochin. The barrage is arestriction to
navigation and it has been provided by two locks at the western side and one at
the eastern side; dimensions are given in table 3.2. No guiding structures to these

8
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locks are presently available. The waterlevel experiences little tidal fluctuation of
diminishing magnitude from Vaikom to the barrier and doesn't exceed 0.5 meter.

Thanneermukkom to Punnamada (km. 41 - 62)

In this section the waterway passes through the south part of Vembanad Lake
having widths varying from 2 to 6 km. In this section depth varies from 1 to 8
meter. The waterlevel isn't influenced by tidal fluctuation, as it is locked between
Thanneermukkom and Trikkunnapuzha locks. Six rivers (Kari, Pan,Kalpuzha,Kavan,
Meenachil and Chengalam) discharge from the east into this lake and carry, apart
from draining water, also an (unknown) amount of silt. The discharge of these
rivers during the dry (non-monsoon) period is almost negligible and the waterlevel
in the lake can reduce with about 0.5 - 1 cm per dav due to evaporation.

I
I
I
I
I
I
I

Punnamada to Ambalapuzha (km. 62 - 75)

I
I
I

At Punnamada the West Coast Canal route enters a narrow canal, having a width
of 50 to 60 m. and a waterdepth of 1 to 2 meters; the canal crosses Vatta Kayal
and enters via a narrow canal Pamba River. This area consists of many islands,
polders, creeks and short cuts. 8anks along the route east of Alappuzha (Alleppy)
town are seriously eroded. Earlier Dutch missions ( ref.[2]),recommended that
major cargo flows should avoid this area, preferably the route should be relocated
a few kilometres to the east, following the major branch of Pamba river between
Vembanad Lake and Pallathuruth. This recommendation is being reinforced by the
fact that fishing is widespread in this area and nets often extend into the channel
and many ferryboats and small vessels operate in this stretch. Pamba River has an
average width of 100 m. and a depth varying from 4 to 10 m. There are many
open connections with creeks but no information about cross currents is available.
Near Ambalapuzha the width is around 25 m. and depth is 1 m. At km. 65 a road
bridge (Pallathurthy bridge) crosses the waterway, having a span width of 33 m.
and a height clearance of 5.5 m.
Also at km. 73 there is a bridge (Karumady bridge) causing serious constraint to
navigation, having a span width of only 9 m. and height clearance of 5.6 m.

I

In this section the waterway is only 25 to 35 m. wide and the (seriously eroded)
riverbanks are densely inhabited, are overgrown with palm trees and contain
several buildings. The vertical clearance is obstructed by tall palm trees and
visibility in curves is often restricted.
Depth varies from 1 to 3 m. Local country crafts ply on this canal stretch
frequently.
At Thottapally there is a water outlet into the sea (spillway), which is very old and

Ambalapuzha to Trikkunnapuzha (km. 75 - 91)

I
I
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not in use. A roadbridge here is crossing the waterway, having a span width of 25
m. and a height clearance of 6 m.
About halfway this stretch there is a temple (Bhagavati Tempie) located on the
western bank of a sharp curve.
At Trikkunnapuzha there is an old loek system having two loek chambers of which
one is permanently out of order. This loek was constructed in order to prevent salt
water intrusion from the Kayamkulam lagoon. The whole construction is badly
maintained and forms one of the most serious navigational constraint in the
waterway route. Loek dimensions are given in table 3.2.

Trikkunnapuzha loek to Kayamkulam plant site (km. 91 - 95)

I
I

The stretch from the loek to the lagoon has a width varying from 20 to 60 m.
Depth varies from 1.5 to 2.5 m. The lagoon at the powerplant site is very wide
(600 m.) but also very shallow (0.8-1.0 m.).

3.2 DIMENSIONS OF WATERWAY AND STRUCTURES

I
I
I
I
I

Information about the waterway profile, lock- and bridge dimensions is obtained
from RITES' Final Report of the development of IWT on the West Coast Canal (ref.
[4].)
In table 3.1 the existing waterway dimensions are summarized stretchwise.

I

trom trom to average average slope
(km) (km) width (m) depth (m) (1:)

Cochin 0 7 1000 3-9 10
7 8 1000 2 10
8 21 1000 3-9 10

Pannavally 21 22 1000 1 10
22 30 1000 3-9 10

Vaikom 30 49 2000-4000 3-9 10
Mohamma 49 62 2000-6000 1 5
Punnamada 62 65 55 1.5 2.5

65 73 100 4-10 5
73 75 25 1 10

Ambalapuzha 75 84 25 2 5
Thottapally 84 91 35 1-2 5
Trikkunnapuzha 91 95 300-600 1 7.5I

I Table 3.1 waterway profile existing situation

I
I
I

As can be seen, (more or less extensive) dredging will be required for IWT vessels
with a draught more than 1 m, sailing from Cochin to Kayamkulam.

Two loek systems, at Thanneermukkom and at Trikkunnapuzha, are present along

10
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the waterway route. Dimensions of the loek chambers are presented in table 3.2

I
I
I
I
I
I

Location of lock km Basin length width sill depth
(m) (m) Cm)

Thanneermukkom 41 west I 76.2 9.2 3
Thanneermukkom i 41 west 11 45.7 6.1 3
Thanneermukkom 41 east 61 12.3 3

Trikkunnapuzha 91 29.3 9.2 3
Trikkunnapuzha *) 91 28.9 6.1 3

*) unservicacle

Table 3.2 loek dimensions

I
I
I
I

Trikkunnapuzha loek forms the main constraint of the present waterway. It
determines the maximum dimensions of the vessel sailing between Cochin and
Kayamkulam.

Several bridges cross the waterway route. Of these bridges the number of spans
along with their corresponding horizontal and vertical clearance is given in table 3.3

I
I
I
I

Bridgename km no. of spans horizontal height
Iclearance clearance

Aroor road bridge 12 24 I 33 6 I
i iAroor rail bridge 12 29 I 26 6

I
Pallathurthyroad bridge 68 9 33 5.5 I

I

Karumadibridge 77 3 9 5.6

Thottapallybridge 85 2 9 6 I
Thottapallybridge 85 1 25 6

I

I
I

Table 3.3 Bridge elear profiles

As can be seen in table 3.3, especially the Karumadi bridge forms a severe

11
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I constraint to navigation with a maximum width clearance of only 9 m.

I
I
I
I
I
I

3.3 WATERMANAGEMENT PROBLEMSIN KERALA STATE

About forty rivers flow from the eastern highlands to the west through the State
of Kerala. Large quantities of sediment have been washed down to the coastal area
over the years, and became an attractive area for land reclamation.
In order to improve the agricultural production of the surrounding land, a (salt)
water barrier was built at Thanneermukkom, at km 41 (see figures 3.2 and 3.3),
dividing Vembanad Lake into a salt/brackish northern part and a fresh southern
part.
During the dry, non-monsoon period a shortage of water occurs due to evaporation
and the use of water in the paddy fields. The waterlevel of Vembanad Lake drops
below normal waterlevel, resulting in poor waterqualities.

I
I
I

Many reclamation schemes have been carried out, mainly in the south-east of
Vembanad Lake, to meet with the increasing demand for food production and thus
for agriculturalland. Such reclamations reduced the storage capacity of the water
system, resulting in higher waterlevels and hence flooding of the reclaimed areas
during the monsoon period. In order to drain away the excess water, open links
were excavated to the sea. As a consequence of this, salt water could freely enter
the (fresh) water system resulting in a salination problem. The quality of the new
reclaimed area's deteriorated rapidly and new efforts to reclaim areawere started.

I
I

Large quantities of artificial fertiliser are used in an attempt to increase the
agricultural production. This resulted (fIooding of the fields) in vast quantities of
nitrates in the watersystem. As a consequence large quantities of aquatic
vegetation growed in the channels, causing hindrance to navigation. In attempts
to flush away this vegetation (during the dry period) sometimes the vents of the
Thanneermukkom barrier were opened losing at the same time precious "fresh"
water.

I
I

As can be concluded, the watermanagement problems in the region are highly
complicated and effects of human intervention are significant. In fact the
development of the waterway route has be tuned to an integral approach.

3.4 AQUATIC VEGETATION

I
I

A serious navigational drawback is the occurrence of a dense aquatic vegetation,
the Salvinia or African Payal which obstructs navigation and causes further
deterioration of water quality. It is stated that the hindrance has considerably
increased since the operation of the Thanneermukkom regulator. This is attributed
to the change in salinity and the stagnancy of the water during the period when
the regulator at Thanneermukkom is closed.

I 12
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3.5 WATERLEVEL VARIATION

The inland navigation route from Cochin to Kayamkulam was developed by linking
natural waterbodies with artificial canals. Several rivers discharge from the east in
this waterway. Open sea connections in this route are present at Cochin (km.O)
and at Kayamkulam Lagoon (km. 110). Because of the waterbarrier at
Thanneermukkom and the loek at Trikkunnapuzha, only the stretch north of
Thanneermukkom experiences some tidal influence.

Because there is no established permanent gauge system for the entire waterway,
little is known about the waterlevel fluctuations along the route. Some
observations of the waterlevel at several places were performed by RITES in 1991 .
These observations are restricted to the lean period from january tilt may only. The
fluctuations stay within a range of one meter. Locations with maximum and
minimum waterlevels as recorded in this period are given in table 3.4
Waterlevel observations for a whole year are only available at Cochin Port; these
observations are presented in table 3.5 Actually there is little difference in
waterlevel variation throughout the year.

I
I
I
I
I
I
I
I
I
I

3.6 CURRENTS

RITES reported current measurements along the waterway (ref.[4]), which are
given in table 3.6. Unfortunately no measurement period or time of the year are
given. Obtained water flow veloeities along the waterway route are low, and
mostly less than 0.5 mis. The low flow velocity is the result of the gentie gradient
of the waterway. These currents are no constraint to navigation.

3.7 GEOTECHNICAL DATA

Limited soil investigations were carried out in 1987 at Cochin (km 0), Arookutty
(km 14), Vaikom (km 30) and Thanneermukkom (km 41). See table 3.7 for the
stretchwise given bed material characteristics. Boreholes were taken upto a depth
of 4 meter. The percentage of sand is high (80 to 99 %). At Allapuzha some silty
sand and clay was found.
Median grain size is in the order of 0.3 to 0.5 mmo The soil will not give dredging
problems.

3.8 WIND SPEED DATA

Wind speed data were collected and reviewed by Delft Hydraulics in 1992. The all
year wind speed distribution on open sea near Kayamkulam/Cochin is given in table
3.8
Looking at the all year wind information, a wind speed (at open sea) of 7 mis will

13
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not be exceeded for 80 % of the time.

I
I
I
I

Figure 3.6 iIIustrates the occurrence of the winds in each speed and direction class
in wind-rose form. The length of each bar represents the percentage of the time
that the occasion occurs; the wind speed class is given by the type of bar and the
direction of the bar represents the direction from which the wind comes. The
number in the centre of the rose indicates the percentage of time that the wind is
calm.

3.9 PRESENTTRAFFIC

I
I
I'
I
I

The maximum sizes of vessels sailing on the West Coast Canal between Cochin
and Quilon at present are determined by the physical dimensions of the locks at
Thanneermukkom and Trikkunnapuzha, the bridge clearances and by the restricted
cross profile of the waterway. At present there is actually no mechanised IWT
freight service along the waterway between Cochin and Kayamkulam. Traffic at
present is sailing with smalI, mostly wooden country crafts (freeboards of 5 cm are
reported !) transporting different kinds of commodities (coconuts, rise, bricks,
gravel, earth, fertiliser) over short distances. The maximum carrying capacity of
these crafts is about 60 tons.
At present there is no system of rules and regulations; there are no safety
measures nor labour inspection and the maximum sailing speed is not restricted by
specific legislation. Cargo and vessels are not insured and crew training and
education is not organised.
Future traffic estimates by RITES are given in paragraph 4.2

3.10 NUMBER OF OPERATING HOURS PERYEAR

I
\1
J
I
I
I
I

Downtime of the inland waterway transport system may occur due to poor
visibility, heavy winds and high waves. Poor visibility (fog/heavy rainfall) occurs up
to 3 days per year. Wind will neither cause much downtime: in 98% of the year
a wind speed of 11 mts (at open sea) will not be exceeded and the dense
vegetation (palm trees) along the waterway banks will further reduce the wind
influence. Waves are directly related to the wind conditions and will also not cause
much problems.
Number of workable days per year for the inland waterway transport system is
therefore taken at 350.
When considering dav and night navigation, two shifts working each 10 hours per
dav, resulting in 20 working hours per dav is taken. For daytime navigation only,
one shift working 10 working hours per dav is taken.

14
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3.11 LOCK THROUGHPUT CAPACITY AT THANNEERMUKKOM AND
TRIKKUNNAPUZHA

Due to the limited waterlevel differences at the loek systems, the average time
required for a small vessel to pass the loek system according to RITES, is thirty
minutes. For larger vessels, an additional manoeuvring time of ten minutes is
assessed.
The total cycle time of the locks is therefore assessed at one hour -and twenty
minutes (1.4 hours).

In the existing situation the Thanneermukkom locks are not in operation from july
to october; they are kept open, discharging monsoon flow. However, in the system
calculations the locks are considered to be used for all 350 werking days per year
because sailing of the coal barges through the loek under strong current conditions
will cause serious navigational problems and is therefore not possible.

Resulting theoretical annual loek throughput capacity C
(= nr. of vessels per year per direction) can be calculated as follows:

number of operational hours per year
C =

loek cycle time

A loek throughput occupancy rate equal to the theoretical capacity (= maximum
intensity) is unacceptable for a longer period. The occupancy rate should not
exceed 75% of the capacity te avoid congestion problems and to include some
spare time.

This results in an acceptable loek throughput of 3,750 vessels per year for day-
and-night navigation, and 1,875 vessels per year for daytime navigation only.

'I
I
I
I
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WATER LEVEL OBSERVATIONS OF COCHIN PORT TRUST
WATER LEVELS W.R.T. MSL----------------------------------------------------------MONTH MAXIMUM LEVEL MINIMUM LEVEL----------------------------------------------------------

I

January 0.68 -0.44

Feb,-ua,-y 0.56 0.46

Marcn 0.54 -0.60

Ap,-i 1 0.51 -0.67

May 0.37 -0.82

June 0.52 -0.79

July 0.40 -0.73

August 0.43 -0.67

September 0.31 -0.67

October 0.38 -0.68

Novemoer 0.55 -0.58

December 0.48 -0.57

11

I
I
I
'I
I ----------------------------------------------------------
I
I
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Table 3.5 Waterlevel variation at Cochin Port (Souree: RITES)
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INVENTORY OF PRESENT SITUATION

J STATION CHAINAGE VELOCITY mis DIRECTION

0.45 EtoW

0.18 NtoS

0.56 EtoW

0.24 Sto N

0.32 NtoS

<0.20

<0.20

<0.20

Kottapuram

Manjankad

Arookutty

Pallathuruthy

Chavara

Chamranihochi

Asthamudi

Kollam

14

67

CURRENT VELOCITIES

Table 3.6 Current measurements (Souree: RITES)
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I Figure 3.2 Total Plan of the Waterway Route
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Figure 3.3 Waterway Route from Coehin to Thanneermukkom
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Figure 3.4 Waterway Route from Thanneermukkom to Trikkunnapuzha
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I Figure 3.5 Waterway Route trom Trikkunnapuzha to Kayamkulam Plant Site
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Figure 3.6 All Year wind speed rose (Souree: Delft Hydraulics)
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?hotograph 1 Typical view of existing canal

Photograph 2 Typical canal embankment

Photographs 1: Typical view of canal 2: Typical canal embankment
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I 4 FUTURE TRANSPORTATION REQUIREMENTS

I
I
I

4.1 PROJECTEDCOAL THROUGHPUT

The ultimate projected coal transport requirement for the Kayamkulam power plant
is projected to be 8.06 million tons in 2006.

The projected coal throughput will increase phasewise as shown below:

I
I
I
I
I

1999 2001 2002 2003 2004 2005 2006>

0.06 1.18 1.70 3.51 5.61 7.71 8.06

Table 4. 1 Coal transport requirements in mil/ion tons per year

This study considers only the ultimate throughput of 8.06 million tons per year
(mmtpa).
In order to include some safety margin in the transportation system, a design
throughput of 10 mmtpa is taken.

4.2 OTHERTRAFFIC

I

Future traffic estimations by RITES, based on a further extension and refinement
of a former study (Techno Economic Feasibility Study of IWT in the WCC, RITES
1988) forecast a transportation of approximately 1 million tons per year in each
direction in the year 2005. RITES found an optimum vessel carrying capacity of
about 400 tons based on this traffic forecast.
In table 4.2 the traffic forecast by RITES is given.

I

I
I
I

Critical remark:
When this stretch of the West Coast Canal will be developed to accommodate the
coal vessels, more traffic may be attracted, using larger vessels.

This other traffic is however not further taken into account. This study only
considers the transportation of coal for the powerplant at Kayamkulam and takes
therefore only costs directly related to this transport into account. It is nevertheless
important to realise that the final waterway is going to be used by the other traffic
too and possibly has to be provided with extra lanes.

I
I
I
I
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5 COAL TRANSPORT SYSTEM USING THE EXISTING WATERWAY

I In this transport system the whole waterway route from the loading terminal at
Cochin (km 0) to the projected power plant site at Kayamkulam (km 95) will be
considered.
The main bottleneck in this route is the Trikkunnapuzha lock system (km 91).
The vessels are assumed to sail during dav and night ( 20 hours per day).

I
I
I
I
I
I
I
I

5.1 VESSELS CHARACTERISTICS

The Trikkunnapuzha loek system, forming the main constraint in the existing
waterway, determines the maximum sizes of the coal carrying vessel. These
maximum vessel dimensions are:

-Length (L) = 26.0 m
-Beam (B) = 7.0 m
-Draught(T) = 2.5 m

Payload of the design vessel is calculated (according
to ANNEX A) as follows:

payload = L * B * T * c. * c, = 290 tons.

In which c. (= block-coefficient) = 0.85
c, (= load- coefficient) = 0.75

5.2 FEASIBILITY OF THE SYSTEM

I
I

As the throughput of Trikkunnapuzha lock is 3,750 vessels per year, the system's
coal throughput will be 3,750 * 290 = 1.09 million tons per year.
This throughput is absolutely insufficient for the ultimate required design
throughput ( 10 mmtpa).

I
I
I
I
I

It is therefore concluded that this transport system with the present
Trikkunnapuzha locks is NOT FEASIBLEfor the design coal throughput.
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6 COAL TRANSPORT SYSTEM IMPROVEMENT SCENARIO I

I
I
I

6.1 TRANSPORT SYSTEM DESCRIPTION

In this improvement scenario Trikkunnapuzha loek system will be deleted from the
system. This can be achieved by :

a) demolishing the loek and building a new salt water barrier and loek
south of the power plant site (least costs solution according to
Avarachen, ref.[3]).

I b) building new locks at Trikkunnapuzha.

I
I
I
I
I
I

c) locating the unloading terminal just north or east of the present loek
system.

Solution a) causes serious changes in the hydrological and environmental (saltish)
situation of the area. In order to minimize the environmental impacts, an other
solution has to be selected.
Solution c) has less obstructions to navigation than solution b): no loek operations
at Trikkunnapuzha and less travelling distance, resulting in a shorter sailing time.
Solution c) will therefore be considered.

•
Coal will be transported further by conveyor belt to the plant site over a distance
of 4 km.
Vessel travel distance under this scenario is hence reduced to 91 km. The vessels
sail dav and night (20 hours per dav),

The question now is, if the system has a throughput capacity capable to meet the
required design throughput.

I
I
I

6.2 VESSELCHARACTERISTICS

The locks at Thanneermukkom now form the determining factor for the vessel
dimensions and thus for the payload capacities.
The eastern- and the largest western loek, having dimensions of 61 * 12 resp. 76
* 9 meters, are considered. The maximum vessel dimensions for these locks are
shown in table 6.1.

I
I
I
I
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COAL TRANSPORT SYSTEM IMPROVEMENT SCENARIO I

Maximum vessel dimensions

EASTERN LOCK WESTERN LOCK

Length (m)
Beam (m)
Draught (m)
Payload (ton) :

55.0
6.6
2.5
550

70.0
8.2
2.5
850

Table 6.1 Maximum vessel dimensions

I
I
I
I
I
I
I

6.3 FEASIBILITY

The vessel throughput capacity of each loek is 3,750 (vessels per year), resulting
in a maximum annual throughput of
3,750 * (550 + 850) = 5.3 million tons.

This throughput is absolutely insufficient for the ultimate required design
throughput. It is therefore concluded that for the required coal throughput, this
transport system is NOT FEASIBLE.

I
I
I
I
I
I
I
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7 COAL TRANSPORT SYSTEM IMPROVEMENT SCENARIO 11

I
I
I

7.1 TRANSPORT SYSTEM DESCRIPTION

I

This scenario is a further improvement of scenario I. In this scenario the unloading
terminal will, as in scenario I, be located at Trikkunnapuzha locks. The coal will be
transported further to the powerplant site at Kayamkulam by a conveyor belt
system.
Since the annual throughput capacity of the existing locks at Thanneermukkom (km
41) is far insufficient to meet the required design throughput of 10 mmtpa, these
locks have to be reconstructed (deletion will change the environmental conditions
dramatically and is therefore considered to be out of the question). In fact a totallv
new inland waterway transport system is required.
In order to find the most promising new transport system, several options will be
assessed and evaluated. Because the characteristics of the transport system (e.g.
number of vessels; waterway dimensions) are directly related to the type of vessel
applied, a range of vessel options (sizes) will be considered. For each option, in
which one type of the vessels wilt be applied, the required new waterway profile
and resulting transportsystem characteristics will be determined. The costs of the
main system components will be estimated and the options wil! be compared.
Reference is made to the methodology described in chapter 2.

I
I
I
I A distinction has been made between day-and-night navigation and daytime

navigation only.

I 7.2 VESSEL OPTIONS

I A large range of vessel options has been considered for which use has been made
of the European CEMT-classification, see table 7.2

I
I

Considered payload range: 600 - 2,250 tons for the single vessels
3,500 - 11,200 tons for pushbarge formations.

I
I
I

The annual design throughput is 10 million tons, resulting in a number of calls per
dav (350 per year) of 47.6 for the 600 ton vessel to 2.6 for the 11,200 ton
pushtow.

In table 7. 1, the selected vessel options are presented.
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I LENGTH (m) BEAM (m) DRAUGHT (m) PAYLOAD (ton)
VESSELS

Campine barge 55 6.6 2.5 600
D.EK 1) 75 8.2 2.5 1000
Rhine-Heme canal vessel 85 9.5 2.5 1300
Large Rhine Vessel 110 11.4 2.8 2250

--
BARGE FORMATIONS

2*1 2) 185 11.4 2.8/4.5 3500 /5600
1*2 3) 108 22.8 2.8/4.5 3500 /5600
2*2 4) 185 22.8 2.8/4.5 7000 / 11200

I
I
I
I 1) D.EK = Dortmund Eems Canal standard vessel

I 2)

3)
"'L· ~ __

I 4)

I
I
I camprne barge

I
Dortmund-Ems-
canalship

I
Rhine-Herne-
canalshrp
(êurcoe-srup)

large Rhineshrp
tB Q ::::GL
( ëj" "I!lilliliell 8 Cl

I .,\.mb,;" -pusher unit "" E3
2 barges unit ( I 111 I ~C:ol

;4.mb.:..~4 barges unit 0:

~I 111 IJOol
I
I
I Table 7.1 Selected vessel options
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7.3 CHANNEL CROSS PROFILEAND SAILING CHARACTERISTICS

I
I
I

The required waterway dimensions are determined by the governing traffic
situation and the size of vessel. For every vessel options the required channel
design parameters (channel width and depth) have been determined.
The required channel width is determined by the following factors:

I
I

- the vessel' 5 beam
- manoeuvring space
- bank clearance
- space to enable safe encountering manoeuvres
- extra width due to wind influence and
- a safety margin

The required channel depth is determined by:

I
'I
I
I
I

- the vessel' 5 draught
- squat (waterlevel reduction)
- manoeuvring margin
- safety margin for vertical vessel motions and channel
bottom inaccuracies

The resulting total channel width and depth determine the required channel cross
profile. In ANNEX 8 a more detailed description is given of the above mentioned
parameters. The output of the determination of the required channel cross profile
is presented in tables 7.3 and 7.4 In these tables the channel width parameters
considered in ANNEX 8 are given, expressed in unit of vessel beam (8).
Summarised these parameters give the required channel width (also expressed in
unit of vessel beam). The same procedure is followed to estimate the required
channel depth.

I
I

The maximum sailing speed of a vessel is for an important part determined by the
channel cross section. When this cross profile has been determineted, the sailing
speed of the vessels can be calculated as weil as the returnflow , squat and
required propulsive power. A detailed description of the calculations of these sailing
characteristics is presented in ANNEX A. The output of these calculations is also
given in tables 7.3 and 7.4

I
I
I
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I
I
I
I

7.4 TRANSPORTSYSTEMCHARACTERISTICS

The economie sailing speed of each vessel is used in the calculation of the
characteristics of the transportsystem, i.e:

-trip time of the vessel
-number of trips per year per vessel
-number of vessels required
-number of loading- and unloading berths

I
I

A berth occupancy factor of about 0.8 is considered for this scheduled transport
system from which the number of required berths result.

Input in the calculation is the design coal throughput, the type of vessel (payload),
the sailing distance and sailing speed and loading- and unloading rates. Output of
the calculation is the total trip time, the number of vessels required to meet with
the required throughput and the number of (un)loading berths required.

I
I
I
I
I
I
I
I
I
I

For a more detailed description of the way of calculation and the outputs of the
system calculation reference is made to ANNEX C.

For the system calculations a spreadsheet program was made; the resulting output
is given in tables 7.5 and 7.6 for daytime navigation only, and in tables 7.7 and
7.8 for day-and-night navigation.

The daytime-navigation-only options require much more vessels,locks and berths
than the day-and-night options due to the reduced operational time. Especially for
the smaller vessels the only-day option will be most unfavourable.

7.5 REQUIREDDREDGING

The profile dimensions of the exrstmq waterway between Cochin and
Trikkunnapuzha don't always meet with the required profile dimensions for the
vessel options. Capital dredging is therefore required.

The profile of the existing waterway and the required new waterway profile are
known, 50 the amount of land acquisition and the amount of dredging can be
calculated. The way of calculation and calculation results are presented in ANNEX
D. The results are also given in the summary-table 7.9

After completion of the capital dredging works, it is expected that the channel will
be subjected to siltation due to several factors:
-The rivers discharging in the waterway carry large volumes of silt and cause
sedimentation in the channel, especially when the flow velocities decrease due to
the deepening and widening of the waterway.
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-ln the periods when the rivers are not in spate, tidal (density)currents carry
sediment into the lagoon area causing sedimentation.

I
I
I

The estimation of the (annual) amount of maintenance dredging in this stage of the
project is very difficult, if not impossible. The waterway system is very complex
and there is too little data available (records, waterdischarge, velocities, sediment
load, sediment characteristics etc.). In order to quantify the amount of
maintenance dredging, a detailed hydro-morphological survey should be conducted.
It is however expected that considerable sedimentation will occur. Large quantities
of sediment have already been deposited by the rivers in the area over the years
forming the present lagoon delta. At piaces where rivers discharge in the vast
expanses of kayals and lakes, sedimentation occured due to the reduction in flow
velocity (large reclamation area's in the south of Vembanad Lake). Assuming that
there is an (dynamic) equilibrium in sediment transports along the present
waterway, enlarging the waterway profile will result in a reduction of waterflow
veloeities (and hence sediment carrying capacity) and will lead to the resettlement
of sediment particles.

I
I

The sensitivity of the comparative costs to the rate of maintenance dredging is
analyzed in paragraph 7.9 (see table 7.26); it can be concluded that its influence
is considerable.
It is assumed that the annual amount of maintenance dredging is 20% of the
capital dredging.

I
I
I
I
I

REMARK : At the time of submittal of this report new information about the
expected rate of siltation was obtained by the author after a visit to 8KH
ConsuIting Engineers in Delft. BKHrecently carried out a waterbalance study of the
backwatersystem of the Kuttanad region. ("Kuttanad Water 8alance Study
Project"). 8KH found that under present conditions the sediment supplied by the
rivers is deposited at the transition from dry land to paddy land, where the
watersurface slope and the flow veloeities decrease. This transition was found at
about 10 km east of the waterway under study. Most of the sediment is expected
to deposit at these locations of the river. Furthermore, these deposits are at
present removed by artisanal sand winning. A lower rate of maintenance dredging
than assumed in this study may influence the conclusion of this study. However,
this aspect is not further taken into account in this report.

I
I
I
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7.6 SUMMARY OF CALCULATIONS AND PRESELECTION

The most important calculation results of all options are summarized in table 7.9
i.e. the required number/amount of:

- vessels
- vessel calls per year at the terminals
- locks
- loading- and unloading berths
- dredging
- land acquisition

I
I

In order to achieve a reduction of options, a preselection is carried out based on
the results of the calculations. Some options are at first sight unfavourable in
comparison to others (reference is made to table 7.9). The 1*2 barge formation is
less attractive than the 2 * 1 barge formation (more dredging and more vessels
while the other results are the same). A draught of 4.5 m for barge formations
require such an extensive amount of capital dredging that these options are left out
from further evaluation.
For further evaluation the followinq transport systems will be considered:

I
I
I
I

For daytime navigation only :
- 2*1 barge formation; payload 3,500 t.
- 2*2 barge formation; payload 7,000 t.

'I
I
I
I
I
I
I
I

Day and night navigation :
- Campine barge; payload 600 t.
- Dortmund-Eems Canal vessel; payload 1,000 t.
- Rhine-Herne Canal vessel; payload 1,300 t.
- Large Rhine vessel; payload 2,250 t.
- 2 * 1 barge formation; payload 3,500 t.
- 2*2 barge formation; payload 7,000 t.

7.7 COMPARATIVE CaST ESTIMATES

In order to compare the options on basis of costs, cost estimates have been made
of the following system elements :

- costs of dredging and land acquisition
- costs of new lock(s) at Thanneermukkom
- costs of the loading- and unloading terminal berths including
loading- and unloading equipment

- costs of vessels and crew
- costs of fuel and oil
- annual costs of maintenance and repair
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I
I

For the most promising (least costing) option also the costs of slope protections
(revetments), aids to navigation and the conveyor belt from Trikkunnapuzha to
Kayamkulam plant site will be considered to obtain the total cost per ton.

I
I

Costs are also converted to annual costs by means of the Capital Recovery Factor.
This factor gives the annual payment that will repay a $ 1 loan in X years with
compound interest on the unpaid balance. Interest + inflation rate is taken total
at 10 % The CRF-method to obtain annual costs is not as sophisticated as the
Present-Day-Value method; however, it can be used properly for evaluation and
comparison purpose in this initial stage of the IWT transport study.
Economie lifetime (X years) used in the calculation is :
30 years for the vessels, barges and handling equipment and
50 years for the civil works.
Maintenance and repair are calculated separately.

I
I

Cost estimation of dredging

I
I
I

For the dredging costs calculation the waterway is split into two essentially
different parts.

I
'I
I
I

The first, from Cochin to Punnamada (km 0 to km 62), is very wide. Dredged
material is supposed to be used for new reclamation works along this stretch.
The secend part extends from km. 62 to 91. This stretch is narrow and at many
locations the channel banks are overgrown with palm trees. Dredged material from
this stretch is proposed to be used for coastal proteetion works (sand suppletion),
since the coastal area suffers from serious erosion.

Informatien about dredging production capacities, and costs of maintenance,
repair, depreciation and interest are obtained from reference [15] to reference [17].

Costs are calculated for 1993 and expressed in US $.
(Exchange: 1US$ = 1.80 Dfl.)

I

Costs are given by two components:
Depreciation + Interest and Maintenance +Repair.
When mere than one shift and working more than 90 hours per week is applied,
Maintenance +Repair is multiplied by 2; and Depreciatien + Interest is multiplied
by 1.2, aecording to ref.[17].

I
I

Charted production

Assumed is a suction cutter dredger with a suction pipe diameter of 400 mmoThe
material te be dredged is mostly sand (reference is made to paragraph 3.7). For a
400 mmo pipe diameter a production of 250 cu.rn. per hour can be achieved for a
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pipe line length of 2000 m. Further increase in line length will be achieved by
adding booster pumps.
For calculation of the monthly production, 25 days per month and 18 hours per
dav working is taken.

I
I

Eguipment

I
I

The dredger is not self propelled and an assisting tug will be required.
At the first stretch (km 0 to 62) dredged material has to be transported over about
5 km. to the waterway sides. The pipeline will only be partly floating, enabling
small country crafts to pass. Floaters are designed to carry 12 meters of pipeline.
A floating booster of 400 kW keeps the system capacity at 250 cu.m. per hour.
From km. 62 to 91 the dredged spoil has to be transported to the coast over a
distance of about 5 km. In order to achieve a quick replacement of the discharging
pipeline, additional pipeline is required. Here are also booster pumps installed.
For the removal of trees and other obstacles two bulldozers are required.

I
I
I
I

Fuel and oil costs

Diesel consumption of the equipment is assessed at 200 grams per kWh.
Diesel price is 200 US$ per ton.
For oil and grease 20% of the fuel costs is selected.

Labour costs

I
Two shifts of ten men each are assumed, with a shift configuration of:
-3 foreign men costing US$ 14,000 per month,
-7 local (skilled) men costing US$ 1,000 per month.

I
I

Other costs

I

For the spoil disposal areas 10% of the dredging costs are taken.
Overhead costs and profit is 40% of the dredging costs.
Fixed expenses like mobilisation, demobilisation, site clearance and instellation are
20% of the dredging costs.

I
I

The total costs are calculated as an average per month. Since the production per
month is 250 (cu.m/h) * 450 (hrs/month) = 112,500 cubic meters, the dredging
costs per cu.m can be calculated. (More dredgers will increase the production, but
also increase the costs at the same rate (in this rough estimation); costs per cu.m
will stay the same, the work will be completed earlier).

I
I

41



I
I
I
'I

COAL TRANSPORT SYSTEM IMPROVEMENT SCENARIO"

Dredging costs have been calculated for both stretch es separately and the resulting
calculation output is given in table 7. 10

I
I

The average dredging costs per cubic meter for the total stretch (km 0 to km 92)
are calculated and given in table 7. 11 Resulting dredging costs per cubic meter is
approximately US$ 4.6

I
I

The amount of annual maintenance dredging is very difficult to determine
beforehand as described in paragraph 7.5 and has been assumed at 20% of the
capital dredging. Costs of maintenance dredging per cubic meter is obtained from
Avarachen (ref.[3]) and is 2.6 US$.

Cost estimation of new locks at Thanneermukkom

I
I
I
I
I
I

Loek shape

For the coal vessels the fol!owing preliminary design guidelines have been used:

-Length of the loek (chamber) = length of the vessel + an additional length of 10
%
This percentage is based on the fact that the time required for a vessel to sail into
the loek wil! increase considerably with less free space.

-Length of the loek head == width of one loek-door. The lock-head provides the
space for the door in opened position.

-Width of the loek = the vessel's beam + an additional width of 25 %
When a vessel sails into the loek the water in the loek has to be displaced and a
current out of the loek wil! be generated. When there is little clearance between the
vessel and the loek, the vessel wil! experience a considerable resistance, resulting
in a lonqer. time required to sail into the loek.

I -Sill depth = vessel draught + an additional depth of 40 %

I
Since the cross section of barges has a more rectangular shape, more clearance is
required to reduce the resistance when sailing into the loek. For barges an
additional width of 30 % and an additional depth of 50 % wil! be applied.

I
I
I
I

A height of the loek walls of 1 m above waterlevel for the single vessels is required
for the guidance of the (empty) vessel, especially when emptying the loek.
According to ref.[13], a height of 1.5 m. is taken for push barge formations.

The loek walls are vertical. If they are battered so that the width of the
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I
I

lockchamber at the top is greater than at the bottom, the vessels could be
damaged wh en the water in the lock is lowered ..

I
I

The lock only functions as a salt water barrier and waterlevel difterence between
the upper and lower lockhead doesn't exceed 1 meter, resulting in a maximum
uplift of 10 kN/m2• The construction thickness of the concrete floor should be at
least 10 I 24.5 = 0.4 meters to prevent floating up of the structure. (assumed
density of concrete: 24.5 kN/m'.) __
Calculation of the concrete construction is bevond the scope of this study.
For the whole structure a construction thickness of 1 m is assumed.

I
I

Seepage

I
I
I
I
'I
I

Both under and beside the lock structure a (subsoil)waterflow wil! be generated by
the difterence in waterlevel between the upper and lower side. Excessive flows
must be prevented as this can lead to movement of soil particles and thus causing
damage due to cavities under and alongside the lock (piping).
Using Lane's method (ref.[13]), which says that:

,in which

L = the total horizontal seepage length = at ,easbamp;ne Barge)

T = a safety coefficient = 1.5
c. = a soil constant :::::6 for sand
h = the waterlevel difference over the structure = 1 m

31 ~ 9 ,so seepage problems are not expected and no additional seepage cut oft
structures are required.

Costs

I
I

The amount of rn' concrete structure is calculated as follows:
-walIs: 2 *(Basin length + 2 * Headlength) * 1 * Height
-floor: (Basin length + 2* Headlength) * Width * 1
Total structure = walls + floor

I
I

Costs per rn' reinforced concrete:
concrete: 100 US$/m'
reinforcement steel: 800 US$/ton, required :::::0.1 ton per rrr concrete,
formworks: 3 US$/m', required :::::2 m' per rn' concrete,
Total costs per m' concrete: 186 US$.

Costs of doors, electrical and mechanical installation is according to Dutch practice
assessed at 70% of the investment costs. Annual costs of maintenance and repair
of the doors and the installations is taken at 10% of the investment costs.

I
I
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I
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I
I

Mobilisation, demobilisation and overhead expenses is taken at 35% of the total
investment costs.

The resulting calculation output is presented in table 7.12. The costs of a new loek
range from US$ 2.3 million for the Campine Barge to US$ 17.4 million for the 2*2
pushtow.

\cf;; \~~~Jvi' Cost estimation of terminal berths

/ In the cost estimation of the loading and unloading berths, quaylength and
(un)loading equipment are the main determining factors.

I
I

Costs of guay structure

I
I
I
I
I
I
I

For the length per berth 1.15 * the vessel' s length is taken.
Information about costs are obtained from cost estimations made for similar
projects. Data used in the calculation are:

Costs of the IWT quay structure
Width of the quay platform
Costs of the IWT quay structure

700 $/m2

15 m
10,500 $/m1

Costs of (un)loading eguipment

The IWT vessels are loaded by a continuous conveyor loader. Costs of this loading
gear are directly related to the loading capacity and the length of the loading boom
and thus the beam of the vessel.
The unloading of the vessels is considered to be done by grabbing cranes. Grabbing
cranes belong to the heavier loaded equipment (high fatigue) and in view of the
high throughput of 10 million tons per year, they must be of high classification.

Investment costs of the loading- and unloading equipment used in the calculation
are given in table 7. 13

I
I
I
I
I

Maintenance and repair are assessed at yearly 10 % of the investment costs.

Only with a berth occupancy factor of 1, a berth wil! continuously be in operation
and the cranes are fully occupied, requiring one crane per berth. This is however
not the case. To obtain the number of cranes required, the number of berths are
multiplied by the berth occupancy factor.
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I

Costs of vessels, barges and crew

Prices are obtained from several quotations as collected from Dutch shipyards.
Following price indications could be obtained:

I

-investment costs of Campine barge
Dortmund-Eems vessel
Rhine Herne vessel
Large Rhine vessel
Push barge (76.5 m)
Pushboat

850,000 US$
970,000 US$

1,100,000 US$
: 1,700,000 US$

560,000 US$
850,000 US$

I
I
I
I
I
I

Maintenance and repair costs of vessels and pushtows is yearly 10 % and of
barges 5 % of the investment costs.

For only dav navigation (10 hours per dav) one shift and for dav and night
navigation (20 hours per dav) two shifts per vessel are required. A shift consists
of three men costing each 1,500 US$ per year.

Costs of fuel and oil

Diesel consumption of the vessels and pushtows is 200 grams per kWh. Diesel
price is 200 US $ per ton. This results in 0.04 US $ per kWh.
For oil and grease 20 % of the fuel costs is taken.
For the vessel options the required propulsive power (ANNEX A) and the total
number of operational hours (ANNEX D) are known (see tables 7.6 to 7.8) and
annual costs of fuel and oil of the options can be calculated.

I
I
I

Cost estimations have been made for the options and are presented in tables 7. 14
to 7.17. Day navigation only is much more expensive than day-and-night
navigation due to the larger number of vessels, berths and locks required. Notice
that for night navigation special navigational aids will be required which are not vet
taken into account; these costs will however not exceed the costs difference.

7.8 LAY-BY DIMENSIONS

I
I
I
I

Because the dredging costs have a large influence on the total costs, possibilities
to include single-Iane-traffic stretches are analyzed.

According to Bouwmeester (ref.[5]), alternating one-way-traffic is possible for
(short) stretches having a traffic intensity of less than 1.5 vessels per dav per
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direction only. Taking this into consideration, none of the vessel options is
gualified. However, the financial consequences are determined for the larger vessel
options, the Large Rhine Ship, the 2*1- and the 2*2 pushtow.

Single lane waterway is applied at the narrow stretches :
from km 62 to 65, and
from km 73 to 84.

I

The required single lane channel profiles (tabie 7.18) and the amount of dredging
and land acquisition have been calculated for each vessel; reference is made to
tables 7.19,7.20,7.21 and 7.22
Cost estimates of these options show a considerable reduction in dredging and land
acquisition costs. See table 7.23 and 7.24. However:

I'
I
I
I
I,
I
I
I

The transport capacity of the system will be reduced due to additional
waiting time of the vessels and additional vessels (and costs) are required
to overcome this capacity loss.
An traffic control system will be required making the option much more
costly.
The 2 *2 pushtow option still remains much more expensive than other
options.

To get a better insight in the traffic situation with one-way traffic stretches along
the waterway and to find a quantification of the loss of capacity, time-distance
diagrams have been made for the Large Rhine Vessel and the 2* 1 barge formation
(reference is made to figures 7.9 to 7. 12).

As can be concluded from these figures, the additional waiting times decrease the
capacity of the transport system. For the Large Rhine vessel option at least 6
additional vessels are required to overcome the loss of capacity. For the 2 * 1 barge
formations three additional vessels are required.
Comparative costs of these options are given in table 7.23 and 7.24

7.9 EVALUATION AND SELECTIONOF VESSEL OPTION

I
I
I
I

In figure 7.1 the comparative annual costs are given for the above mentioned lay-
by options along with the daytime-navigation-only options and the day-and-night
options. As can be concluded from this figure, the optimum vessel payload can be
found somewhere between the 2,000 and 3,000 tons. Of all considered options
the Large Rhine Ship (2,250 tons) sailing dav and night is found to be the least
costing option.
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To get more insight in the contribution of the main cost components to the total
annual costs, figure 7.2 does also present these components separately. These
components are:

- vessel costs, i.e. annual costs of
* vessels
* crew
* fuel + oil

- dredging costs, i.e. annual costs of

I
I
I

* land acquisition
* capital dredging
* maintenance dredging

- berthing costs, i.e. annual costs of
* quay structures
* loading- and unloading
equipment

I
I
I
I

In this stage of the project many assumptions have been made and also the cost
estimates are not very detailed. In order to get a better insight in the sensitivity of
the total annual cost comparison and hence of the evaluation to disturbances in the
cost estimation of the main components, the total annual costs are also calculated
at which each main cost component at the time is raised and lowered with 25 %
The results are shown in the sensitivity analysis figures 7.3 to 7.8

Using these figures also an indication of the influence of most assumptions can be
found, see table 7.25. For instanee a lower berth occupancy factor wil! result in
a higher number of berths, figure 7.5 then gives a first indication of the
(comparative financial) consequences of this.

I
I

As can be seen from these figures these results do not influence the vessel
selection (based on least costs).

I
Maintenance dredging however, as its quantity is related to the amount of capital
dredging (which is different for every option), has a significant influence on the
annual costs and therefore on the selection of the transportsystem option. An
analysis of the influence of the rate of maintenance dredging on the comparative
annual costs is given in table 7.26 In this table the least costing option per rate of
maintenance dredging has been outlined. As can be concluded does this rate have
a great influence on the cost comparison of the options. A rate of 20% has been
assumed in paragraph 7.5, resulting in the Large Rhine Vessel as least costing
option.

I
I
I
I
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I

As thus can be concluded, the most favourable vessel option for this transport
system is the Large Rhine Vessel having a payload of 2,250 tons.
The transportsystem using this vessel, sailing dav and night, is selected as the
most favourite option.

I
I
I
I
t
I
I
I
I
I
I
I
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I
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I COAL TRANSPORT SYSTEM IMPROVEMENT SCENARIO "

I,
I
I
I

figures :

I
I
I
'I

7.1 Comparative annual costs of day-and-night-, daytime only- and partly
single lane navigation options

7.2 Comparative annual costs of components and total
7.3 Sensitivity analysis vessel costs + 25%
7.4 Sensitivity analysis dredging costs + 25%
7.5 Sensitivity analysis berthing costs + 25%
7.6 Sensitivity analysis vessel costs -25%
7.7 Sensitivity analysis dredging costs -25%
7.8 Sensitivity analysis berthing costs -25%
7.9 Time distance diagram; partly single lane for Large Rhine vessel option
7.10 Time distance diagram; partly single lane applying twelve 2 * 1 barge

formations
7.11 Time distance diagram; partly single lane applying thirteen 2 * 1 barge

formations
7.12 Time distance diagram; partly single lane applying fourteen 2*1 barge

formations
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I
I COAL TRANSPORT SYSTEM IMPROVEMENT SCENARIO 11

I
I ! CLASSIFICATION DlFFERE:'ICES

\
I I ACCESSIBIUTY

CLASS

I IE.C.ll.T. FRANCE F.R.G. nn: NETHERLA1~DS BELGItr.II

I

\

barp

I
barp barp barp b.....

U Ca.mpinoll Ca.mpiDoll
n a CampiDoii

CampiDmo

I
CampiDOII lIa a Hague veuel

m DEK TW<H>arge unn DEK DEK DEK

IV RHK Puab8cI IlDit of RHK RHK RHK

on. GR barge
V GR Puab8cI umt of Va - GR GR GR

twe bups. Yb a tW<H>arge

redllClCl dral1!lht puab8cl unit

VI GR 1'w<H>arge VI a four·barge Four·barp Four~

puab8cl UDlt pushed IlDit pushed umt pushed UDIt

Vla .. slx-bU1f8
pushed umt

I
I
I
I

I
3U"fW •• ISO k.DOW1t .. 'PIU;

RH][ - Rhm..H.m"':.ul lu.o.daI'Ci veuet
DEK • DortmWlG-i:m.Caa.a1 1t&Dd&rd VHM.

GR - Larp Rhin. ve...

I
____ .. P__

CS_CGngr_a. ~

PROPOSIT10N DE STANDARDISAnON
DES VOIES NAVIGABLES

Pernwtent IntematloNlt _uan
Ol -._ cong,....

PROPOSAL OF STANDARDISAnON
OF WATERWAYS

I

0.-, --_ I c-_ s-r..:.::- -.._, .....__ ........... __ I -- --, ~,v.t_~~ __

r"r':..-=-~~ T'r":':=':~--=- -Ol_cM'
",_._ ......._ -",,_ ...

~ ...... I(•. d·_'J~. a..r- ~ ........,..._tl ... ".....-I ""'- :~ ,=,:n':~:j;== i~"- lMIM, ...... Or .. 11.,... 0...- I ~I"""I er.. ={IJ . , . , . I f . . . , . , . . .,.,, - I :IUD I .m , UIl
1 ... ·-

...- !

11 t:=:~.5I: ... 1l..5DIQ·_ ..11

107 •• i i
t-

lil 0..... u. UD 1-'tQCD ...
I

IV "H.o. I"'·j u. I .... I....-n ... '- -=:J I • u. I .... I '210 ....., 1 "' .. i ....I .... ..a
E' I

v. ~-:..~?!. "0' }if I ... i'...·- ,- -==:J _.- ".cat ua I tl!D, EI ...... ".. u.aa .... 'DIl

Vb ::-- . 111·_ nAOI za I Jl"CD
(IJ

1 1
I--

..... 1 IVII
'- oE:E3

'.... .. I --Eh
I

(JJ 11_
r- ....... ".. "~IUIl 1.'0

:1 1"-
(IJ

Z!II ... .'11_ '- (J} "CID
lt. ~ I I .. IZ_I. . .

(11 11a:a

I
I

I
~I
I

11 lA_.lIRe _~-
IJ s..r ........ a....._ .... _.....- •• ,M.JI n.. -...a.

fJ r...._._ .... __ ..... __ ._ .. .._ _ .. -..~-_.----------_ _ ..-.

IJ n..... __.. ...._ __

11 .... ~ --. •• 'M.JI T.. __

" r • .... • .. __ .. .__ __ ......,,_._----.._-- ........._-,
Table 7.2 Vessel classification
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I
CAL.CULATlON OF CHANNa CROSS OlMENSIONS ANO SAIUNG CHARACTERISTlCS

I aoai,.wk

I
PARAMETER

Lenglh
Beam
Oraughlloaclad
Oraughl: uNoaded

I 81oc:k-coetlld.nt
LDad -coeflci.ne
Paytoad

TWO LANE CHANNEL WIOTH
Beam

I
Mano.wring
-drift.ngl.
-erts width

Bank deer.nee
M_ng
Wlnd_
-drift.ngl.
-erta width
-stop.proM

Sat.ty margin
-ori)' daytim. na'ligation
-day + ";ght navigdon

I
I

TOTAL CHIINNEL WIDTH
d.yII.... n.. igdon onl)'
day + niOht n.vigation

I
CHANNEL DEPTH
Oraughl
$qUIII
Mano.wring
Margin

TOTAL DEPTH

SYMBOL

L
B
11
Tu

Cb
Cl
P

UNIT

m
m
m
m

ton

O.IIS
0.75

eoo.OO

B

dag.
B
B
B

dag.
B
B

B
B

B
B

T
T
T
T

T

CHANNEL PROFILE DAYTIME NAVIGATlON ONLY

D.E.K.

55.00
e. ee
2.50
0.55

75.00
8.20
2.50
0.84

SELF PROPELLED VESSELS

RHINE-HERNE
CAN.VESSEL

IIS.OO
0.50
2.50
0.03

O.IIS
0.75

1300.00

2.00

2.00
0.82
o.ee
1.00

2.00
0.31

-0.50

0.50
1.00

1.00
0.05
0.20
0.10

1..

LARGE
RHINE VESSEL

110.00
".40
2.110
0.70

O.IIS
0.75

22!5O.00

2.00

2.00
0.e7
0.110
1.00

2.00
0.30

-0.55

0.50
1.00...

'.0
...
5.1

I

RHiatance coefficient
ReqUired force
Efficiency coetfic:ient
Required pow.
ReqUired power

I

Slop.
Depth
KHllevei width
Wat8rtwel width
Botlom width
Wet channel 0'0" sectiO"
Av_age w depth
Wet v aOM sectiO"
Biockao. ratio
Vor/{QW
SpaadUmn
Va/Vgr

Economie ...... apeed

I Fr~v./föFi
z/h
Waterleveldrop
UIfg'fi
Refwnflow

I
I

Ac
h
A.
AO/Ac

Vor

V.

z
U

Cd
F.
n
P
P

ardan
m
m
m
m

m2
m

m2

3.00
3.38

27.28
'2.28
21.28
107.20
2.30
1•. 02
0.13
O.~7
2.84
0.110

mi.

mi.

mi.

N
0."

22852.81
0.20

21'.72
202.23

kW
pk

CHANNEL PROFILE DAY + NIGHT NAVlGATlON

Slop.
Depth
KeefI ...... width
W.wtevel width
BotIDm width
Wet channel aOH Mdion
Av•• oe w.terdepth
Wet v..... 0'0" HCtion
BIoc:k.!;i! ratio
Vg<I/Oh'
Spaad~mn
V./Vg<

I
I Economie .,..... speed

Fr:v./[Qh
z/h
WateneYeldrcp

U/!i"'
RetwnlowI
ANi_nee CXleflcient
Required tor,»
Eflciecy coefficient
AequiJed power
Reqwed powerI

Ac
h
As
AO/Ac

Vgr

V.

z
U

Cd
F.
n
P
P

atdan
m
m
m
m

m2
m

m2

3.00
3.38

30.58
05.58
2'.58
118.3-4
aee
".02
0.12
0.50
2.011
0.110

O.IIS
0.75

1000.00

2.00 2.00

3.00
3.38
'2.2'
57.2'
38.2'
157.7e
2.78

20.18
0.13
0.57
2.08
0.110

2.37

0."
0.00
0.1'
0.00
0."
0."

35032.08
0.20

305.51
070.2'

3.00
3.38

".00
el.00
40.00
173.78

2.110
20. U)
0.12
0.50
3.00
0.110

2."
0.'7
0.00
0.1'
0.08
0.03

0."
3752'.55

0.20
37e.58
512.50

1.00
0.05
0.20
0.10

... 1..

52

mi.

mi.

m

mi.

N
0."

20325.87
0.20

~.81
320.03

2.00
0.58
e.ec
1.00

2.00
0.84
O.eo
1.00

3.00
3.78
51.87
88.n
05.25
215.•8

3.13
27.13
0.13
0.57
3.18
0.110

2.53

O•• e
0.00
e.ie
0.00
0."

0."
53812.el

0.30
474.02
805.1'

3.00
3.78

57.e7
7.... 7
50.05
237.03
3.18
27.13
0.11
0.110
3.35
0.110

2."

0."
0.00
0.18
0.08
0.47

0."
50120.50

0.30
505.118
742.01

I
kW
pk

2.00
0.20

-0.80

2.00
0.32

-0.88

Table 7.3 Calculation of channel cross-profile and sailing
characteristics of the self propelled vessels

I

0.50
1.00

0.50
1.00

'.1... ...
'.8

1.00
0.05
0.20
0.10

1.00
0.05
0.20
0.10

1.'

3.00
3.38

35.118
50.118
20.118
138.30
2.88
17.'2
0.13
0.57
2.02
0.110

2.27 2.30

0."
0.00
0.13
0.00
0.05

0."
0.00
0.1.
0.00
0.05

0."
2871•. 18

0.20
_.eo
388.71

3.00
3.38

38.00
50.00
33.00
150.1.
2.73
17.42
0.12
0.58
3_()5
0.110

2.311 2."
0.47
0.00
0.13
0.08
0.03

0 .• 7
0.00

0.'"
0.08
0.03

0."
31538.28

0.20
312..30
'25.00



I CALCULATlON OF CHANNEL CROSS DIMENSIONS ANO SAlUNG CHARACTERISTICS

I
I
I
I

I
I
I

crosai2.wk

PARAMETER

earge unit tength
B.ge unit beem

Formdon tength
Formaton beam
Draught Ioaded
Oraught unloaded

Block-coefllciert
load-coetftaent
Formnon payto.d

TWO LANE CHANNEL WlOTH
B..m
Manoeuvring
-drift.nO"
-erta width

Bank clearance

Meeting
W1n_
-drift.no"
-eldra width
-.Iope praM

Sat.ty margin
-onlyclay
-clay + "ioht

TOTALCHANNEL WIOTH

daytim. navigatio" only
day + night ".vlg_lIon

CHANNEL OEPTH ("0)

Draught
Squat
Mano.uvri";
Margi"

TOTAL CHANNEL OEPTH

SYMBOL

Lu
Bu

L
B
TI

Tu

Cb
Cl
P

CHANNEL PROFILE OAYTIME NAVIGAllON ONLY

2' 1
UNIT

m
m

m
m
m
m

18S.00
11.40
2.80
0.58

draught 2.8 nl.

l' 2

70.30
11.40

108.00
22.80
2.80
0.58

O.GO
0.80

3500.00

2.00

4.00
2.20
1.00
1.30

4.00
O.:SS

-0.30

0.30
1.00

7.8
8.3

1.00
0.05
0.20
0.10

PUSH BARGE FORMATIONS

2'2 2' 1

draught 4.5 m.

l' 2

70.!50
11 ..0

70.30
" . .tC)

2'2

70.30
11.~

1".00
22.80
4.30
O.IIG

0.110
0.80

11200.00

2.00 2.00

I
I
I
I

Slo""
Oepth
KHI ...... lwidth
Waterlevel width
Bottom width
Wilt channel ere .. sectiO"
Avw.ge waterdepth
Wet formation Clon sectiO"

Block,!i!l ratio
V'IIJgh
5peedlmjt
V./V'I

Eeonomic VMMI .peed (V.)

Fr=v./{üh
i t h
WaterleYeld'op

U I.(iti
Returnflow

R..... nce coda.nt
Requir.d force
EffIci.ney coetficiert
R.quir.d pow.,
Requir.d pow.,

Ac
h
As
AslAc

z
U

Cd
Fs
n
p

P

0.110
0.80

3300.00

B

deg.
B
B
B

deg.
B
B

4.00
1.13

-0.5;

3.00
3.78

101.82
118.82
a5.SM

405.53
3.42

57.40
0.1.
0.57
3.30
0.80

3.08

0.54
0.04
0.15
0.07
0.3"

O. te
15Q2eUI1

0.45
1073.87
1.a1.S4

70.30
1'.CO

70.50'
11.40

1oe.00
22.80
4.30
O.IIG

0.110
0.80

5eOO.00

2.00

4.00
2.20
1.00
1.50

4.00
1.13

-0.05

4.00
0.33

-0.47

2.00
O.:SS
0.80
1.00

4.00
1.13
1.00
1.30

I CHANNEL PROFILE OAY + NIGHT NAVIGATION

B
B

B
B

T
T
T
T

T

.,ctan
m

3.00
3.70

ee.QQ
105.7;
03.11
357.01

3.37
20.73
0.08
0.07
3.ee
0.80

'".00
22.80
2.80
0.511

1".00
11 ..0
4.50
O.BQ

0.50
1.00

7.4
7.;

1.00
0.05
0.20
0.10

3.00
0.08

g7.73
124.73
ee.20

047.00

o.es 0.4"
0.04 0.05
0.22 0.28
0.07 0.10
0.52 0.71

0.45

0.18 0.115
173S7g.01 37303ot.g7

0.45 0.45
1702.e 1 3289.23
2317.20 4470.04

4.00
0.57

-0.47

0.30
1.00

0.30
1.00

I
I
I

Slo""
O.pth
KM....,.I width
W.... a.v.lwidlh
BottDm width
Wet chann.1 cross section
Av •• gew .... deptl't
Wet tormaton cross section
BIoc::k:zrato
V'I ligt!
Speed Imil (V 'I)
V./VW

Economie .,....1 apeed

Fr:a:v.,[Qh.,h
WatwleY.ldrop
U/Wh
R.turnflow

RNi_nee_ent
Required force
Efftciency coefficient
R.quir.d power
Requir.d pow.

Ac
h
As
AslAc

v.

z
U

Cd
Fs
n
p
p

m
m

m2
m

m2

mIs

mI.

m

mIs

N
0.18

70e0e.47
0.45

547.05
744.53

3.30

3.00
3.78

113.22
130.02
1CMU~O
....7.04

3.44
57.40
0.13
O.S
3.43
0.80

0.110
0.80

7000.00

O.SIO
0.80

5eOO.00

3.00
0.08

100.13
138.13
GI.M

712.15
5.23

Q2.34

0.13
0.5;
4.23
0.80

3.SIO

0.55 0.47
0.04 0.04
0.23 0.27
0.07 O.ag
O.4g e.ee

0.45

0.10
1_.01

0.45
11SK1.es
1&32.74

0.18 0.10
ln305.81 3e1l!5Oll.a5

0.45 0.45
1ng.n 3332.51
2354.21 4535.55

4.3
4.8

8.2
8.7

I

kW
pil

.,ctan
m
m
m
m

m2
m

m2

3.00
3.78

SM.eg
111.4g
87.;7

370.GI

mis

mI.

m

mis

N 751ee.1IG

kW
pil

5G1.5;
81U)5

28.73
0.08
O.eg

3.;7
0.80

3.18

0.55
0.04
0.18

0.07
0.3;

0.10 0.115
1523eO.87

2.00 2.00

1.00
0.05
0.20
0.10

1.00
0.05
0.20
0.10

Table 7.4 Calculation of channel cross-profile and sailing
characteristics of the push barges

0.45
111t.SKI
1513.42

2.00
O.:SS
0.80
1.00

4.00
1.13
1.00
1.30

4.00
0.57

-0.30

0.30
1.00

0.30
1.00

4.5
5.0

8.4
8.8

1.00
0.05
0.20
0.10

1.00
0.05
0.20
0.10

3.00
3.78

14!5.SKI
102.7;
1CO.11
572.47

3.52
57.40
0.10
0.02
3.04
0.80

3.00
e.ee

04.BQ
111.BQ
75."

58;.01
5.0;

48.17
O.oe
O.eg
4.87
0.80

2.114 2.;1

0.40
0.05
0.18
0.10
0.511

0.30
0.04
0.10
0.08
0.45

0.18
1434G1.23

3.00
3.78

157.38
17"'.tg
130.07
013.87

3.52
57.40
o.ag
0."
3.82
0.80

3.00
e.ee

GO.S;
117.50
7;.N

5QQ.54
5.10

40.17
O.oe
o.eg
4.ee
0.80

2.74 3.08

0.47
0.04
0.18
o.ag
0.54

0.52
0.04
0.17
0.08
0.45

1.4 1.4

5.18

3.00
0.08

141.1MJ
1158.1MJ
132.44
815.2Q

5.42
Q2.34
0.10
0.05
4.7.
0.80

0.14
0.57
4.07
0.80

3.25 3.7;

0.52
0.04
0.27
0.08
0.81

0.18
3g1463.go

0.45
3027.80
52OQ.3e

3.00
0.08

153.2Q
180.2Q
142 .• 0'
geo.44

5.44
Q2.34
o.ag
0.05
4.75
0.80

3.31 3.110

0.52
0.04
0.20
0.08
0.58

0.18
37Q823.3O

0.45
3<!80.G3
!5OOG.75



I CALCL1.ATION OF TRANSPORT SYS"TEM CHARACTERISncs

I day1.wk1 DAYntJE NAVIGATION ONLY
23-FIlb-93
Q2-Aug-93 SCENARIO NEW LOCKS THANi'EERMUKKOM. AVOIDING TRIKKUNNAPUZHA LOCKS
09:30:27 AM

UNIT: CMFINE- D.E.K RHINE-IERNE LARGE

I BARGE CAN.VESSEL RHINE VESSEL

~ IlOO 1000 1300 2250
lenglh m 55.00 75.00 85.00 110.00
beam m 6.60 8.20 9.50 11.40
draughl m 2.50 2.50 2.50 2.60

I. DESIGN THROUGHPIJT mmtpa 10.00 10.00 10.00 10.00

TRAVELDlSTANCE Km 91.00 91.00 91.00 91.00

I
LOADING "TERMINAL
waitlng.manoeUYring.etc. hlS 1.ClO 1.ClO 1.ClO 1.(lO
raled Ioadlng capacÎ1y tJhr 700.00 1()()(l00 1500.00 170000
efftckrcy coefIicieni 0.90 0.90 0.90 0.90
eIIoctlve Ioading rate tIh< 630.00 900.00 135Q00 1530.00
Ioading time hrs 0.95 1.11 0.96 1.47

I time In Ioadlng port hrs 1.95 2.11 1.96 2.47

TOTAL SAIUNG TItJE PER TRIP
taal saillng dlstan:e km 182.00 182.00 182.00 182.00
sailing speed mis 2.30 2.30 2.40 2.50
taal sailing time hrs 21.98 21.98 21.06 20.22

I LOCK CYCLE TItJE hlS 1.40 1.40 1.40 1.40

UNLOADING "TERMINAL
waiting. manoeUYring.elc. hrs 1.50 2.00 2.00 2.00

I
raled unloading capacÎ1y tJhrs 500.00 500.00 750.00 750.00
efftclency coefftcient 0.50 0.50 0.60 0.60
eflllctive unloading rate tJhr 250.00 250.00 450.00 450.00
unloading time hrs 2.40 4.00 2.89 5.00
time In unloading port hrs 3.90 6.00 4.89 7.00

I TRIP TItJE hrs 29.23 31.49 29.32 31.C9

TRIPS PER VESSEL
net. waking days d/yetJI 350.00 350.00 350.00 350.00
waking hours per dav hrs 10.00 10.00 10.00 10.00
vesseltrips nr/yetJI 119.73 111.14 119.39 112.57

I NA. VESSELS REa. n' 1311.21 IMI.III 114.43 311.48
nr a vessels on _erway nr 104.67 62.80 46.3> 25.66
aver. distance be_ vessels Km 1.74 2.90 3.93 7.09
Int.r errtval time al terminal hrs 0.21 0.35 0.46 0.79

I BARGE CALLS PER YEAR nr 16,686.67 10,000.00 7,692.31 4,444.44

BER1H OCC. L~ING TERM.
vessel in-port lime hrs 1.95 2.11 1.96 2.47
nr. a calls 16,686.67 10,000.00 7,692.31 4,444.44

I
taal in-port time hrsIY- 32,539.68 21,111.11 15,C99.72 10,980.39

wortdng days per year d 350.00 350.00 350.00 350.00
werking hours per dav d 10.00 10.00 10.00 10.00
port werking hours hrs/yetJI 350000 350000 3500.00 350000

I berlh cccupancy factor
4 2.32 1.51 1.08 0.711

number 5 1.86 1.21 0.86 0.113
a 6 1.55 1.01 0.72 0.52
berlhs 7 1.33 0.86 0.62

8 1.16 0.75

I 9 1.03 0.67
10 0.93
11 0.85
12 0.77
13 0.72

J BER1H OCC. UN~ING TERM.
vesseI in-port time hrs 3.90 6.00 4.89 7.00
rY. acall. 16,686.67 10,000.00 7,692.31 4,444.44
taal In-port time hrs!year 85,000.00 60,000.00 37,806.114 31,111.11

I waking dey. per y_ d 350.00 350.00 350.00 350.00
wortdng hours per dav d 10.00 10.00 10.00 10.00
port working hours hrs/year 350000 350000 350000 350000

berlh cccupancy fa::tor

I 11 1.89 1.56 0.98 0.111
12 1.55 1.43 0.90 0.74
13 1.43 1.32 0.113 0.68
14 1.33 1.22 0.77

nurrber 15 1.24 1.14 0.72

I
a 16 1.16 1.07 0.67
berlhs 17 1.09 1.01

18 1.03 0.95
19 0.98 0.90
20 0.93 0.86
21 0.86 0.112

I
22 0.114
23 0.111
24 o.n

I Table 7.5 Calculation of transport system characteristics
daytime navigation only I
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I
I
I
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I

CALCULATION OF TRANSPORT SYSTEM CHARACTERISTICS

dey2.wkl
23-Feb-93
De-Jul-93
10:04:1eAM

VESSB.

payIoed
length
beam
<Ir.ugllt

m
m
m

DAYTIME NAVIGATION ONLY

SCENARIO NEW LOCKS THANNEERMUKKOM. AVOIDING TRIKKUNNAPUZHA LOCKS

PUSH BARGE FORMATIONS
2.8 m. DRAUGHT

3500.00
185.00
lt.4O
2.80

91.00

1.50
1700.00

o.so
1530.00

2.29
3.79

1152.00
3.10
115.31

2.00
1000.00

0.80
1500.00

5.83
7.83

29.33

350.00
10.00

119.34

23.84
13.31
13.157
1.22

2.857.14

2*1

3500.00
108.00
22.80
2.80

10.00

91.00

1.50
1700.00

o.eo
1530.00

2.29
3.79

1152.00
2.70
115.72

1.40

2.00
1000.00

0.80
1500.00

5.83
7.83

31.75

350.00
10.00

110.25

25.111
15.29
11.111
1.22

2.857.14

1*2 2*2

PUSH BARGE FORMATlONS
4.5 m. DRAUGHT

2*1

7000.00
185.00
22.80
2.80

seoo.oo
185.00
11.40
4.50

seoo.OO
108.00
22.80
4.50

10.00 10.00

1*2 2*2

I

DESIGN THROUGHPUT mmtpa

3.79
2.857.14
10,1521.1515

350.00
10.00

3.500.00

3.711
2.857.14
10.1521.1515

350.00
10.00

3,500.00

3.01)
1.55
1.03
0.77
0.152

10.00 10.00

91.00

1.50
2000.00

o.so
11500.00

3.11
4.151

1152.00
3.30
13.30

1.40

2.50
1700.00

0.150
1020.00

5.411
7.99

27.31

350.00
10.00

128.18

13.83
15.711

215.81
2.2e

1,785.71

4.61
1,785.71
8,234.13

350.00
10.00

3,500.00

2.35
1.18
0.711
0.511
0.47

11200.00
185.00
22.150
4.50

10.00

91.00

2.00
ssoo.oo

o.so
3150.00

3.58
5.58

1152.00
3.150
13.30

1.40 1.40

TRAVEL DlSTANCE Km 111.00 91.00

3.00
2500.00

0.150
1500.00

7.47
10.47

30.73

350.00
10.00

113.111

7.84
3.39

53.83
3.112

8112.1515

5.58
8112.1515

4.geo.32

350.00
10.00

3,500.00

2.35
1.18
0.711
0.511
0.47

1.42
0.71
0.47
0.35
0.28

I
I

I

LOADING TERMINAL
w.lting.m.noeuvrlng,elc.
raled Ioading capacity
efficiency coefflclent
effective Ioading rale
Ioadingtime
time In Ioading port

hr.
t/hr

t/hr
hrs
hr.

7.83
2.857.14

22.380.;5

350.00
10.00

3,500.00

7.83
2.857.14

22.380.;5

350.00
10.00

3,500.00

6.311
3.20
2.13
1.80
1.28
1.07
0.111
0.110
0.71

2.00
2000.00

o.so
11500.00

3.119
5.119

1.50
2000.00

o.so
11500.00

3.11
4.111

7.99
1.785.71

14.2e8.21

350.00
10.00

3,500.00

4.08
2.04
1.311
1.02
0.82
0.158

10.47
8112.158

9.345.24

350.00
10.00

3,500.00

4.08
2.04
1.311
1.02
0.82
0.158

2.117
1.34
0.119
0.117
0.53
0.45

I
I

TOTAL SAILING TIME PER TRIP
IDtal .alllng di.tance
saillng.peed
IDtal .alllng time

km
mIs
hrs

LOCK CYCLE TIME hr.

UNLOADING TERMINAL
manoeuvrlng,etc.
raled unloading capacity
efficiency coefficient
effective unloading rale
unloading time
time In unloading port

hrs
t/hr.

t/hr
hrs
hr.

TRIP TIME hrs

TRIPS PER VESSEL
net. worldng dey.
worklng hour. per dey
_.eltrlps

dlyear
hrs
nr/year

NR. VESSa.s REa.
nr al barges on waterway
_ver. di.tance between barges
Inter arrival time at lerminal

nr
nr
Km
hrs

BARGE CALLS PER YEAR nr

BERTH acc. LOADING TEJUoI.
ves.el in-port time
nr. ol ca"s
IDtalln-port time

hr.

hrs/year

worklng dey. per year
worklng hours per dey
port worklng hour.

d
d
hrs/year

berth occupancy laclDr
1

number 2
al 3
berth. 4

5

BERTH acc. UNLOADING TERM._.81 In- port time hrs
nr. al ca".
IDtal In- port time hrs/year

worklng dey. per year d
working hours per dey d
port working hours hrs/year

berth oocupancy lactor
1

number 2
al 3
berths 4

5
15
7
8
g

Total kWh'. per year: 2.2785E+07

182.00
aso
17.43

1152.00
3.g()
15.32

Table 7.6 Calculation of transport system characteristics
daytime navigation only 11

1.40 1.40

3.00
1500.00

0.150
Il00.00

7.78
10.78

2.50
1700.00

0.150
1020.00

5.411
7.99

35.50 29.32

350.00
10.00
118.59

350.00
10.00

119.37

14.411
7.12

25.58
2.45

14_
7.152
2328
1.158

1,428.57 1,785.71

5.89
1,428.57
8.412.70

4.61
1,785.71
8.234.13

350.00
10.00

3,500.00

350.00
10.00

3,500.00

3.01)
1.55
1.03
0.77
0.152

2.40
1.20
0.110
0.150
0.48

10.78
1,428.57

15.3116.83

7.99
1.785.71

14.2e821

350.00
10.00

3,500.00

350.00
10.00

3.500.00

15.311
3.20
2.13
1.150
1.28
1.07
0.91
0.110
0.71

4.40
2.20
1.47
1.10
0.158
0.73

2.3II33E +07



I CALCULATION OF TRANSPORT SYSTEM CHARACTERISTICS

I new2.wkl DAY AND NIGHT NAVIGATION
23-Feb-Q3
08-Jul-93 SCENARIO NEW LOCKS THANNEERMUKKOM, AVOIDING TRIKKUNNAPUZHA LOCKS
10:01:01 AM

PUSH BARGE FORIIATlONS PUSH BARGE FORMATlONS
2.11 m. ORAUGHT 4.5 m. ORAUGHT

I VESSEl 2*1 1*2 2*2 2*1 1*2 2*2

payloed 3500.00 3500.00 7000.00 5Il00.00 5Il00.00 11200.00

length m 185.00 108.00 185.00 185.00 108.00 185.00

beam m 11.40 22.110 22.110 11.40 22.110 22.110

I draught m 2.110 2.110 2.110 4.50 4.50 4.50

DESIGN THROUGHPUT mmtpa 10.00 10.00 10.00 10.00 10.00 10.00

TRAVEL DlSTANCE Km 91.00 91.00 91.00 91.00 91.00 91.00

,I LOADING TERMINAL
waiting,manoeuvrlng,etc. hrs 1.50 1.50 2.00 1.50 1.50 2.00

raled Ioading eapacity Vhr 1700.00 1700.00 2000.00 2000.00 2000.00 3500.00

efficiency coeIIlclert o.so o.eo 0.90 o.so 0.90 0.90

effeeM Ioading rale Vhr 1530.00 1530.00 1Il00.00 1Il00.00 1Il00.00 3150.00

I loading time hrs 2.2g 2.2g 3.811 3.11 3.11 3.56

time In Ioading port hrs 3.79 3.79 5.811 4.el 4.el 5.56

TOTAL SAlLING TIME PER TRIP
total uiting dlstance km 182.00 182.00 182.00 182.00 182.00 182.00

I
uiting .peed mis 3.20 2.70 3.10 aso 3.40 3.110

total .ailing time hrs 15.110 18.72 le.31 12.118 14.87 13.30

LOCK CYCLE TIME hrs 1.40 1.40 1.40 1.40 1.40 1.40

UNLOADING TERMINAL

I waiting,manoeuvrlng,etc. hrs 2.00 2.00 3.00 2.50 2.50 3.00

raled unloading eapacity Vhr. 1000.00 1000.00 1500.00 1700.00 1700.00 2500.00

efficiency coefflclent 0.110 0.110 0.110 0.110 0.110 0.110

effeeM unloading rate Vhr Il00.00 600.00 900.00 1020.00 1020.00 1500.00

unloading time hrs 5.83 5.83 7.78 5.49 5.49 7.47

I
time in unloading port hrs 7.83 7.83 10.78 7.99 7.99 10.47

TRIP TIME hrs 28.82 31.75 34.37 26.118 28.87 30.73

TRIPS PER VESSEL
net. working day. dfyaar 350.00 350.00 350.00 300.00 300.00 300.00

I werking hour. par day hrs 20.00 20.00 20.00 20.00 20.00 20.00

vesset tri~ nr/year 242.811 220.51 203.84 222.52 207.82 195.27

NR. VESSELS REa. nr 11.711 12.lMS 7.02 11.03 11.50 4.57

nr of barges on waterway nr 0.45 7.84 3.33 ase 4.43 1.98

I aver. distance between barges Km 28.22 23.81 54.611 47.17 41.13 91.93

Inter arrival time at terminal hrs 2.45 2.45 4.90 3.38 3.38 e.72

BARGE CALLS PER YEAR nr 2.857.14 2,857.14 1,428.57 1,785.71 1,785.71 892'ee

I, BERTH OCC. lOADING TER".
vess.1 in port time hrs 3.79 3.79 5.811 4.01 4.el 5.56

nr. of eaUs 2,857.14 2,857.14 1,4211.57 1,785.71 1,785.71 892.611

total in- port time hrs/year 10,821.611 10,821.611 8,412.70 8,234.13 6,234.13 4,1180.32

werking days par yaar d 350.00 350.00 350.00 300.00 300.00 300.00

I working hours par day d 20.00 20.00 20.00 20.00 20.00 20.00

port werking hours hrsfyur 7.000.00 7,000.00 7,000.00 6,000.00 6,000.00 6.000.00

berth occupancy lactor
1 1.55 1.55 1.20 1.37 1.37 0.113

I
numbar 2 0.17 0.17 0.110 0.l1li 0.l1li 0.41

ol 3 0.52 0.52 0.40 0.46 0.46 0.28

berths 4 0.39 0.39 0.30 0.34 0.34 0.21

5 0.31 0.31 0.24 0.27 0.27 0.17

BERTH OCC. UNlOADING TER".

'1 vessel in- port time hrs 7.83 7.83 10.78 7.99 7.99 10.47

nr. of eaU. 2,857.14 2,857.14 1,428.57 1,785.71 1,785.71 892.611

total in - port time hrs/year 22,3110.95 22,3110.95 15,3118.83 14,2611.21 14,2611.21 9,345.24

werking days par yur d 350.00 350.00 350.00 300.00 300.00 300.00

I werking hour. par day d 20.00 20.00 20.00 20.00 20.00 20.00

port working hours hrsfyur 7,000.00 7,000.00 7,000.00 6,000.00 6,000.00 6,000.00

barth occupancy lactor
1 3.20 3.20 2.20 2.38 2.38 1.56

numbar 2 1.110 1.110 1.10 1.19 1.19 0.711

I of 3 1.07 1.07 0.73 0.711 0.711 0.52

berths 4 0.110 0.110 0.55 0.59 0.59 0.39

Tolal kWh'. par yur : 2.5851E+07 2.7043E+07

"

Table 7.8 Calculation of transport system characteristics

I
dav and night navigation 11

I
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I
I COAL TRANSPORT SYSTEM IMPROVEMENT SCENARIO 11

I
I
I
I ,.

COSTS PER MONTW IN US •
km.OIDIS2

WriInV"" 101_ 0"_qu...., r.. unit +-- +Rop.o kW

c..-pift ",200 10."" .,.,
A-.gTug 7.220 ,.- - (1/. al,_'

Ronno- 1•. 070 11.1110 -!lOOG til. I'Ip_<IOOrNW '.<12 ""I. 32.100

"'0 1'1.,.... 105.!MI "p- 11.200 5.800

0.00 l'k'MI 17,100,.-
'~.CII I' ....
'000.00 " IIWI

mor. wortc co..a.m wmno Gft ........ 1.2
mcw. WOftccoeflcMnt mMtt.+N1J_- 2

I
SUMTOTAL-
·coeff.-

$1.0$0
412.080

100.520 U.S .•113.7110
100._

TOTALPER MONTW- 2117.12IIUS'

2117.'211

I
I

TOTAL FIElD COSTS KM 0 - KM 412 :
(bUS'I*_)
REClAMATION AREA (IC',.):
~ + PROFlT(OO%):
F1Xm EXPENSES (20%):

-(d.)f'NIbIi...-n."cl .. tnC ••..,.

211.7IS
108.115153._

TOTALDReDGlNG COSTS PER MONTW: 4~,11. U.S.,

TOTAL DRBlOING COlTS PER ruBle METER: •. 0 U.•.•

I ,oio

I
I
I

1.",.412.,.,1
COSTS PER MONTW IN US I

'NrIIng""+-- kW per unit

c..-piInt

A-.gTug

lMId_
15000",- PIp_4OOmnI '.'2 " m.

10 1'1.,.... 105."

,,_
a..Mdo_. 2222.22 lIpice

Fu. 0.00 " .'MIOiI+lJ_(2O%aI __ ,

'4.200 10.""

7.220

17._ 10.'110

".:100
700

2,480 2.080 100 (1/2011_1

11.800
3.7110

1.
D...",:
Ux:oI:

".000
".000

141000.00 'I nw'I

1000.00 " ....

1"I'lOt. wort!: coefkMnt ~ oft+in ... _ 1.2
mar.wortcco~~+,ep_. 2

SUMTOTAL-
·co.«.-

130.220 24,750
113..... 48,500

loe.O$OUS I

TOTAL PER MONTW -

I
I
I
I
I

TOTAL FIElD COSTS KM 412 - KM •• :
(bUS,,,,_)
REClAMATION AREA (1"'"1:
~ + PROFlT(OO%):
flXB) EXPENIES (20%1:
-(de)_._c __ •.

et:.

32,0811

'211._".1.

TOTALDREDOING COSTS PER MONTW : !W5._ U.S. I

TOTALORBlO_ coaTS PER ruBlC METER: ••• U.S.,

Table 7.10 Calculation of dredging costs I
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COAL TRANSPORT SYSTEM IMPROVEMENT SCENARIO 11

Iock.wk estimation of investment costs new Iocks
VESSEL

Campine D.E.K. Rhine-H. Large 2*1 2*2
Barge Rhine Pushtow Pushtow

vessel length m 55 75 80 110 185 185
sizes baam m 6.6 8.2 9.5 11.4 11.4 22.8

draught m 2.5 2.5 2.5 2.8 2.8 2.8
loek length m 61 83 88 121 204 204
dimensions haad length m 17 21 24 29 30 59

width m 8 10 12 14 15 30
hei!lht m 5 5 5 5 6 6

concrete construction cu.m 2700 3937 4649 6966 11123 20792
costs/cu.m = 186 US$
concrete construction costs US$ 502,165 732,201 864,778 1,295,682 2,068,967 3,867,348

costs of doors, electronical
and mechanical
installations US$ 1,170,045 1,706,027 2,014,933 3,018,938 4,820,693 9,010,921

Total constr.+install. US$ 1,672,210 2,438,228 2,879,711 4,314,620 6,889,659 12,878,269

Mob./Demob./Overhead US$ 585,273 853,380 1,007,899 1,510,117 2,411,381 4,507,394
(35%)

TOTAL INVESTMENT eOST million US $ 2.3 3.3 3.9 5.8 9.3 17.4

100.00

~

I

250.00

R 100",R.lOO",

R 600lIl

Table 7.12 Calculation of loek construction costs
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1 COAL TRANSPORT SYSTEM IMPROVEMENT SCENARIO 11
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COAL TRANSPORT SYSTEM IMPROVEMENT SCENARIO "

cross3.wt<

LARGE RHINE SHIP PUSH BARGE FORMATIONS
draugh1 2.1 m.

2*1 2*2
PARAMETER SYMBOL UNIT

Barge unit length Lu m 7«5.50 76.50
Barge unit beam Bu m 11.40 11.40

Formation length L m 110.00 185.00 185.00
Formation beam B m 11.40 11.40 22.80
Draught Ioadeel TI m 2.80 2.80 2.80
Draught unloaded Tu m 0.70 o.se o.se

Bloek -coeflicient Cb 0.85 0.90 o.so
Load-coeflicient Cl 0.75 0.80 0.80
Formation payload P 2250.00 3500.00 7000.00

SINGLE LANE CHANNEL WlOTH
Beam B 1.00 1.00 1.00
Manoeuvring
- drilt angle deg. 2.00 4.00 4.00
-extra width B 0.34 1.13 0.57

Bank clearance B 0.80 1.00 1.00
Windefllllct
-drilt angle deg. 2.00 4.00 4.00
-extra width B 0.34 1.13 0.57

Safety margin
-daV + night B 1.00 1.00 1.00

TOTAL CHANNEL WlOTH
day + night navigation B 3.3 5.3 4.1

CHANNEL DEPTH
Draught T 1.00 1.00 1.00
Squat T 0.05 0.05 0.05
Manoeuvring T 0.20 0.20 0.20
Margin T 0.10 0.10 0.10

TOTAL CHANNEL OEPTH T 1.4 1.4 1.4

SINGLE LANE CHANNEL PROFILE DAY + NIGHT NAVIGATION

Slope arctan 3.00 3.00 3.00
Depth m 3.78 3.78 3.78
Keellevel width m 37.32 80.01 94.21
Watet1eve1width m 54.12 7«5.81 111.01
Boltom width m 30.80 53.29 87.49

Table 7.18 Calculation of single lane channel cross-profile for
the Large Rhine Ship, the 2*1 and 2*2 barge formation

67
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IICs.wk1 CA!..CUlATlON OF AMOUNT OF LAND ACQUISITlON
PARTL Y SINGLE LANE CHANNEL

LARGE RHINE SHIP
WATERWAY

AVAILABLE STRETCHWlSE LAND
STRETCH (km.) W1Dni (m.) REOUIRED W1Dni (m): ACQUISITlON (*1,000 m2)

from to (_age)

0 7 1000 74 0
7 8 1000 74 0
8 21 1000 74 0

21 22 1000 74 0
22 30 1000 74 0
30 49 3000 74 0
49 82 3000 74 0

I 82 85 55 54 I 0
85 73 100 74 0

I 73 75 25 54 I 58
75 84 25 54 281
84 91 35 74 + 273

TOTAL LAND ACQUISITlON (*1000 m2) = 502

2*1 PUSHTOW
WATERWAY

AVAILABLE STRETCHWlSE LAND
STRETCH (km.) W1Dni (m.) REOUIRED W1Dni (m): ACQUISITlON (*1 ,000 m2)

from to (_age)

0 7 1000 111 0
7 8 1000 111 0
8 21 1000 111 0

21 22 1000 111 0
22 30 1000 111 0
30 49 3000 111 0
49 82 3000 111 0

I 82 85 55 77 I 88
85 73 100 111 88

l 73 75 25 77 I 104
75 84 25 77 488
84 91 35 111 + 532

TOTA!.. LAND ACQUISITlON (*1000 m2) = 1258

2*2PUSHTOW
WATERWAY

AVAILABLE STRETCHWlSE LAND
STRETCH (km.) W1Dni (m.) REOUIRED W1Dni (m): ACQUISITlON (*1,000 m2)

from to (average)

0 7 1000 174 0
7 8 1000 174 0
8 21 1000 174 0

21 22 1000 174 0
22 30 1000 174 0
30 49 3000 174 0
49 82 3000 174 0

I 82 85 55 111 I 188
85 73 100 174 592

I 73 75 25 111 I 172
75 84 25 111 774
84 91 35 174 + 973

TOTAL LAND ACQUISlTlON (*1000 m2) = 2878

Table 7.22 Calculation of amount of land acquisition for single lane
channel for the Large Rhine Ship, the 2* 1 and 2*2 barge formation
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I COAL TRANSPORT SYSTEM IMPROVEMENT SCENARIO 11

I
cons1.wk COMPARATIVE COST ESTIMATE FOR LARGE RHINE VESSEL

I
I

DAY AND NIGHT NAVIGATION INCLUDING SINGLE LANE STRETCHES

I

YEAR: 1993
CURRENCY: US $ --

LARGE RHINE VESSEL ( 2250 ton)

Item Quantity Unit Rate Subtotals Cap. Rec. Maint. Yearly
(US$) mil.US$ factor + Repair subtotal

(miI.US$) (miI.US$)
Vessels 25 each 1,700,000 42.5 0.106 4.25 8.75
Pushboats each 0.0
Barges each 0.0

Labour 150 men/year 1,500 0.23

Locks 2 each 5,800,000 11.6 0.101 0.604 1.78

Land acquisition 592,000 m2 1.4 0.8 0.101 0.08
Capital Dredging 5,800,000 m3 4.6 26.7 0.101 2.69
Maintenance Dredging 1,160,000 m3/year 2.6 3.02

Loading Berths 2 each
Quay structure 253 m 10,500 2.7 0.101 0.27
Vessel loaders 2 each 750,000 1.5 0.106 0.15 0.31

Unloading Berths 6 each
Quay structure 759 m 10,500 8.0 0.101 0.80
Vessel unloaders 5 each 3,500,000 17.5 0.106 1.75 3.61

Fuel + oil 51,902,632 KWh 0.044 2.28

TOTALS
(in million US$)
INVESTMENT COSTS 111.2
YEARL Y COSTS 23.8

I
I

I
I
I
I
I
I
I
I
I
I

Table 7.23 Comparative cost estimation dav and night navigation
partly single lane for the Large Rhine Ship
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COAL TRANSPORT SYSTEM IMPROVEMENT SCENARIO 11

Influence of assumptions on other system components
See also the sensitivity analysis of figures 7 2 to 7 8

System com ponents

Assumption: Numberof Numberof Amountof
vessels berths dredging

Number of working days per year is 350 more less less -
less more more -

Berth occupancy factor is 0.8 more - less -
less - more -

Rate of annual maintenance dredging is 20% more - - more
less - - less

Cross channel profile is X m2 more less2 - more
less more - less

Waterway route amounts 91 km more more - more
less less - less

(Un)loading rate is X ton/hout more less less -
less more more -

Loek cycle time is 1.4 hours more more - -
less less - -

*) A larger channel profile gives a higher economie sailing speed

Table 7.25 Influence of assumptions on the system components
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COAL TRANSPORT SYSTEM IMPROVEMENT SCENARIO 11

Sensitivity analysis of the influence of the rate of maintenance dredging
on the selection and comparative annual cost of the transport system options.

Comparative annual cost (mill. US$)
Rate of maintenance dredging:

Vesseloption: Payload (t): 10% 20% 30%

Daytime
Navigation 2*1 3,500 29.7 32.6 35.5

Only 2*2 7,000 36.0 41.5 47.1

Dayand Campine Barge 600 27.4 28.1 28.9

Night o .E.K. - Vessel 1,000 22.6 23.7 24.7

Navigation Rhine-Herne 1,300 21.7 22.9 BmLarge Rhine ship 2,250 20.5 I 22.3\ 2
2*1 3,500 20.6 23.7 26.7
2*2 7,000 30.9 36.9 42.9

Dayand Large Rhine ship 2,250 22.3 23.8 25.3

Night 2*1 3,500 1 19.9\ 22.5 25.0

Navigation 2*2 7,000 27.9 33.0 38.0

+ Single
Lanes

Table 7.26 Sensitivity analysis of rate of maintenance dredging
on the comparative annual costs of the options
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I
I
I
I
I Comparative annual cost of the options

Annual cost in million US$

~ r-~------------------------------------------------~
42
41
40 daytime navigation only
39
38
37
36
35
34
33
32
31

: 6vQ---

~~ /
26 (25
24
23
22
21 L--+--~~~----~L_----'------'------r------r------r-~

I
I
I
I
I
I
I
I
I
I
I
I

4 6
3 5

payload (ton) (Thousands)

Ot VV;se!
==-=

Figure 7.1 Comparative annual costs of day-and-night-,
daytime only- and partly single lane navigation
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Comparative annual cost

totaI and main components Day snel night navigstion
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62 4
3

Payload (ton) (Thousanels)
5

Figure 7.2 Comparative annual costs of total and the
main components of day-and-night-navigation

7

77



,I
I
I
I
I
I
I 40

I 35

30

I ~
:::> 25
c
~·ë 20

I .E

§ 15

~

I E 10.,
5

I 0
0

I
I
I
I
I
I
I
I

COAL TRANSPORT SYSTEM IMPROVEMENT SCENARIO 11

Sensitivity analysis

Vessel cost +25% Day and night navigation

tatal

vessels dredging

berthing

2 4
3 5

payload (ton) (Thousands)

6

Figure 7.3 Sensitivity analysis vessel costs + 25%
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Sensitivity analysis

Dredging cost +25% Day and night navigation

2 4
3

Payload (ton) (Thousands)

6
5

Figure 7.4 Sensitivity analysis dredging costs + 25%

7

79



I
I COAL TRANSPORT SYSTEM IMPROVEMENT SCENARIO 11

I
I
I
I
I

I

Sensitivity analysis

Berthing coat +25% Dayand night navigation
40

35

30
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~
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·Ë 20
.5
~

vessels
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!
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11

5

0
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I

I
I
I
I
I

Figure 7.5 Sensitivity analysis berthing casts + 25%
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Sensitivity analysis

Vessel cost -25% Day and night navigation
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Figure 7.6 Sensitivity analysis vessel costs -25%
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Sensitivity analysis

Dredging cost -25% Dayand night navigation
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Payload (ton) (Thousands)
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7

Figure 7.7 Sensitivity analysis dredging costs -25%
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Sensitivity analysis

Berthing cost -25% Dayand night navigation
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Figure 7.8 Sensitivity analysis berthing costs -25%
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I
8 DESCRIPTION OF SELECTED TRANSPORT SYSTEM

I

In the selected transport system the loading terminal is located at Vallarpadam
Island - Cochin Port. From here the coal will be transported by 2,250 ton carrying
vessels to the unloading terminal at Trikkunnapuzha. From Trikkunnapuzha the coal
is transported further to the power plant stockyard over a distance of 4 km using
a conveyor belt system. The transport system is operating dav and night, 350 days
per year.
A brief description of the main system components is given in the next paragraphs.

I

I
I
I

8.1 LOADING TERMINAL

Location

I
I
I

Actually no exact location has vet been assigned for the coal loading terminal at
Cochin Port. Nevertheless the most promising location seems to be at the eastern
side of Vallarpadam Island.
See figure 8.4

Transportsystem at the terminal

A troughed conveyor belt system is used to bring the coal from the sea vessel
quaysideto the storage area and from the storage area to the IWT-vessel quayside.

I
Storage at the terminal

I
I

At the terminal coal is shifted from sea vessels to the inland waterway vessels.
Because of the discontinuity between the momentanuous capacity of the two
modes of transport, a storage area (figure 8.1) is required. This requires a lot of
handling, careful management and coordination of the different activities involved.

I
Equipment used for storage are stackers for stacking the coal and reclaimers for
discharging the stored coal from the stockpile to the IWT-vessel quayside. Also
combined machinery called stacker/reclaimers (figure 8.2) can be used.
It may be necessary to use a bulldozer to keep the stockpile within the reach of the
reclaimer boom. The equipment is heavy, so that good soil conditions or foundation
works are important.I

I
I
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DESCRIPTION OF SELECTED TRANSPORT SYSTEM

figure 8.1 coal stockyard

figure 8.2 bucket wheel stacker/reclaimer
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DESCRIPTION OF SELECTED TRANSPORT SYSTEM

Berthing of the IWT vessels

I
I
I
I
I

Two loading berths are required for the IWT vessels. The selected vessel has a
length of 110 meters, resulting in a total required quaylength of 2 * 1.15 * 110
= 253 meters. ( per berth is 1.15 * 110 = 126.5 meters required).
The resulting berth occupancy factor of the loading terminal is 0.78

Loading system

The IWT vessels are loaded by two continuous vessel loaders each having a rated
loading capacity of 1,700 t/h.

A principle sketch of the loading terminal is given in figure 8.5

8.2 SELECTEDVESSEL

I
I
I

The selected vessel is the Large Rhine Vessel having a payload of 2,250 tons. For
the system 19 of these vessels are required to be operational 20 hours per dav and
350 days per year.

8.3 WATERWAY ROUTE

The waterway route follows the West Coast Canal from Cochin to Trikkunnapuzha
as described in paragraph 3.1

I
I

8.4 UNLOADING TERMINAL

Location

I
I
I
I
I
I
I

The unloading terminal will be located at Trikkunnapuzha, 4 km north of the
projected powerplant site.

Berthing of the vessels

Six unloading berths are required resulting in a quaylength of 6 * 1.15 * 110 =
759 meters. Berth occupancy factor of the unloading berth is 0.74

Unloading system

The IWT vessels are unloaded by (in total) five portal grab unloaders (figure 8.3)
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I
each having a rated unloading capacity of 750 t/h.

"

I
I

r ;) ,-1.-,~_h-:-:
.......... 1"""

I
I

I
I
I
I
I

Figure 8.3 portal grabbing crane

I
I
I
I
I
I

Transport system at the landside

The grabbing crane discharges the coal into a hopper, feeding the conveyor belt
system transporting the coal further to the powerplant stockyard .

I
I
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DESCRIPTION OF SELECTED TRANSPORT SYSTEM

Figure 8.5 Loading Terminal Principle Sketch
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9 IMPROVEMENT REQUIREMENTS FOR THE SELECTED TRANSPORT SYSTEM

9. 1 WATERWA Y IMPROVEMENTS

The existing waterway has to be adapted to the required channel cross profile (
waterlevel width = 75 m ; depth = 3.8 m ; bottom width = 51 m ). This requires
an amount of capital dredging of 6.2 million cubic meters and an amount of land
acquisition of about 870,000 rn-.

Two new locks for the coal vessels are required at Thanneermukkom; this also
implies the demolition of (a part of) the existing locks and waterbarrier.

I
I
I
I

The existing bridges should be supplied with guidance and protection works and
probably with a traffic control system. Karumadi bridge, having a restricted width
of 9 m. needs reconstruction.

9.2 REVETMENTS

The coal vessels generate waves and currents inducing hydraulic loads attacking
the waterway bottom and banks. The banks need protectionworks (revetments),
especially at the less wide stretch from km 60 to km 91.

9.2.1 REQUIREMENTS OF THE REVETMENT

I
I

The primary function of the revetment is to stabilise and prevent erosion of the soil
particles of the waterway embankment. In order to fulfil this function the
revetment has to meet certain requirements:

Functional reguirements

I
I

-The revetment must be capable to withstand the imposed hydraulic loads.
-The revetment has to prevent migration of subsoil particles.
-The revetment may not loose its function due to aging during its design lifetime.
-The revetment must be flexible in order to follow subsoil deformations without
loosing the above mentioned functions.

I
I

Construction reguirements

I

-The materials to be used must be suitable to execute the work under the local
conditions.
-It must be considered that during execution sublayers may have to withstand
greater loads than under 'normal conditions'.

I
I
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I

Inspection. maintenance and repair reguirements

I

-Loss of function and possible start of failure must preferably be recognized clearly
in time.
-It must be possible to repair damage quick and easy and preferably using the same
material and construction method to prevent discontinuities in the revetment.
(Experience shows that much damage takes place at transitions in type of
revetment) .

I
I

Environmental and socio- economic reguirements

I
I
I
I

I-
I

-Ecological damage due to used materials must be avoided.
-The revetments should preferably fit weil in the surroundings.
-It must be considered that human activities also can cause damage to the
revetment due to:

+ vandalism and theft (locse blocks )
+ landing of boats, etc.

9.2.2 GEOTECHNICALCHARACTERISTICS OF SUBSOIL MATERlAL

The primary function of the revetment works is to ensure the stability of the
waterway embankments. This stability considers:

-Iocal stability; the stability of the soil particles of the banks,
-overall stability; the stability of the bank as a whoie.

I

Very little information is found about the geotechnical characteristics of the
embankment soil material (see paragraph 3.6). The soil probably mainly consists
of sand and the median grain size was found to be in the order of 0.3 to 0.5 mmo
Further the following assumptions are made concerning the cohesion (c) and angle
of repose (lP):
For sand the cohesion is practically zero, c = 0 ,and ip varies between 30° and
45°, taken is lP = 40°

I
I
I

Failure mechanisms of local stability are local sliding, scour and migration of
material through the revetment structure. Local stability has to be ensured by the
revetment (a functional requirement).

I
I
I

Loss of the overall stability and failure of the total embankment may occur due to
sliding. According to the Mohr-Coulomb criterium the critical slope along which
sliding will occur, makes an angle of 45°- %lP = 25° to the vertical. The
embankment having a slope of 1:3 is therefore considered stabie. Nevertheless
existing slip planes or lenses of weaker material within the soil may have a
significant effect on the bank stability. Site investigations are be required.

95



I
I IMPROVEMENT REQUIREMENTS FOR THE SELECTED TRANSPORT SYSTEM

I
I
I

9.2.3 IMPOSEDHYDRAULIC LOADS

Watermotion induces hydraulic loads in the form of shear stresses and pressure
heads acting upon the bed and bank of the waterway. Two phenomena will be
considered: natural- and ship induced water motion.

Natural watermotion

I
I

Reported flow veloeities along the waterwav are low and less than 0.5 mIs.
According to RITES these currents do not cause any bank erosion. Due to
restricted fetch lengths and wind speed (dense vegetation such as palm trees along
the waterway) wind waves also do not cause significant loads.

Ship induced watermotion

I
I

Sailing vessels generate significant hydraulic loads which are affected by several
factors:

-the waterway geometry (see figure 9.1);

I
I

The considered waterway profile has the following characteristics:
bw = waterlevel width of the waterway = 75 m
bb = bottomwidth of the waterway = 51 m
h = waterdepth of the waterway = 3.8 m
a = slope angle = 19°
Ac = wet channel cross section = 237 m2

I
I
I
I
I
I

Figure 9.1 The wa terway geometzy

I
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I
-the ship dimensions;

I
I
I
I

The selected vessel (2,250 t) has the following dimensions:
L = length = 110 m
B. = beam = 11.4 m
T. = draught loaded = 2.8 m
T, = draught unloaded = 0.75 m (average)
A. = wet loaded midship cross section = 27 m2

Asu = wet unloaded midship cross section = 8 m2

-the sailing course;

I
In general the vessels will sail along the channel centerline. In the considered
channel with two lane traffic, the vessels also have to sail closer to the channel
banks during encountering manoeuvres for instance. The more a vessel sails from
the centre of the channel, the higher the hvdraulic load at the channelbanks will
become. The distance between the centreline of the waterwav and the sailing
course is expressed bv the eccentricitv V, see also figure 9.2.
Since the minimum distance between the centre of the vessel and the embankment
at waterlevel = % times the vessel beam + bank clearance + draught * cota =
% B. +0.3 B. +T.*3 = 5.7 +3.4 +8.4 = 17.5 m, the maximum eccentricitv V
becomes %b_- 17.5 = 20 m

I
I
I
I

. .
-y-
I I

I

I
I
I
I Figure 9.2 Sailing eccentricity y

I The ship induced hvdraulic loads can be subdivided in primary waves, secondarv
waves and screw race; see figure 9.3.

I
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I
I
I
I
I
I
I
I
I
I
I
I

Screw
race

Rise inI:'tkl water level

[::-::::.::::.::]Fall in
. .. water level---

Figure 9.3 Ship induced watermotion

PRIMARY WAVES

The primary waves consists of the followinq phenomena:
-return current
-waterlevel depression
-frontwave
-transversal waveI

I
I
I

The return current is generated by the sailing vessel and flows parallel but in
opposite direction along the vessel. The average return current U has been
calculated in chapter 7 and amounts 0.5 mis. Due to the eccentricity of the sailing
course a higher velocity will occur at the nearest bank. This maximum return
current velocity Umax is calculated according to ref.[18]:

I
I
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I
I
I
I

Umax = U * (1.5 - Ac'/Ac) = 0.7 mIs

in which Ac' is the wet channel cross section between the centreline of the ship
and the channel bank = (% bw - y)h - %h2 *3 ::: 45 m2

The velocity of the water flowing along the vessel also causes a depression of the
waterlevel around the vessel. The average waterleveldepression Z was found to be
0.16 m. (see chapter 7) Also here the eccentricity of the sailing course causes a
greater waterlevel depression at the nearest bank, which can be calculated with:

Zmax = Z * (2 - 2 Ac' IAc) = 0.26 m

I
I
I
I
I

.. Direction of
ship's movement

c:...
Cl)-Cl),

Depression of
water level

stern wave

I
I
I

Figure 9.4 Primary waves

The transition between the undisturbed waterlevel in front of the vessel and the
waterlevel depression beside the vessel is called the frontwave, see figure 9.4.
Because the waterlevel is slightly pushed up at the bow, the frontwave is a bit
higher than the waterlevel depression. Height of the frontwave:

I Hf = 0.1 * Z + Zmax = 0.28 m

I
I The transition between the waterlevel depression and the waterlevel behind the

ship is called the transversal stern wave Ht and has approximately the same height
as the waterlevel depression Zmax.

I Ht = Zmax = 0.26 m
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I
SECONDARY WAVES

I
I

Secondary waves are generated at the bow and stern of the ship and consist of
transverse and diverging waves which together may form interference peaks.
These peaks may cause significant loads on the embankments. These peaks
propagate at an angle of about 55° with the channel bank. The height of these
interference peaks Hi can be calculated with (ref.[18]):

Hi = h(s/h)-O.33Fr4

I s = distance between the vessel's huil side and the channel embankment and
amounts the bankclearance + three ( = cota) times the draught of the vessel
( = 0.3·Bs + 3·Ts ).
Fr = Froude numberI

I For loaded vessels, sailing at economie speed:
s = 12 m.
Fr= vetVgh = 0.48 - Hi = 0.14 m

I
I
I

For unloaded vessels sailing at economie speed:
s = 6 m.
Fr= 0.52 - Hi = 0.24 m

For unloaded vessels sailing at maximum speed:
s = 6 m.
Fr= 0.65 - Hi = 0.50 m

I
I
I
I

Unloaded vessels produce significant higher secondary waves, when sailing at full
speed heights of 0.5 m can be reached.
A design wave height of 0.5 m is taken.

SCREW RACE

I
I
I

The vessel' s propeller generates a waterjet which may attack the bed or bank of
the channel. The level of damage is proportional to both the screw race velocity
and the duration. Screw race is a significant load at moorings, the locks and
terminal berths, when vessels accelerate from zero or when vessels are
manoeuvring at low speed. For ships underway the screw race veloeities are less
important as the level of damage is proportional to both the crew-race velocity and
the duration over which the screw-race is attacking the area. Material will however
be stirred up from the bottom.
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SUMMARY OF HYDRAULIC LOADS

I
Returncurrent velocity
Natural flow velocity
Design flow velocity

Umax = 0.7 [mis]
Vnat = 0.5 [mis]
Vtot = 1.2 [mis]

I
I

Front wave height
Transversal wave height
Interference peaks height

Hf = 0.28 [m]
Ht = 0.26 [m]
Hi = 0.50 [m]

9.2.4 EXISTING PROTECTIONWORKS

I
I
I
I
I

According to RITES, at some piaces (no exact locations are mentioned) the existing
waterway has already been provided with some bank proteetion works. Two types
of proteetion are mentioned:
-A stone boulder construction; a bund of rather large stones (diameter upto about
40 cm), having a nearly vertical face and of which the part above waterlevel has
been grouted with concrete.
-A retaining wall construction; concrete piles between which precast concrete
panels are spanned. The piles are connected at the top by a concrete beam.
Figures of both proteetion works are given in figure 9.5.

9.2.5 OPTIONS FOR THE NEW REVETMENT

I
I
I
I

Five different types of revetment are considered. A description of each type is
given and the dimensions are determined, folio wed by an evaluation in which the
most promising solution will be selected.

The following revetment types are considered :

l-Rip-rap
2-Grouted stone
3-Concrete blocks on geotextile
4-Gabion mattress
5-Vertical wall

I
I
I
I
I
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Figure 9.5 Existing protectionworks
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I
I

1 Design of rip-rap revetment

rip rap revetment

I
'I
I
I
I
I
I

The size of stone is characterised by the nominal diameter Dn50, where

Dn50 = (W50 I pS)O,33 [m], in which

ps = density of the stone material [kg/m3)

W50 = 50% value of the mass distribution curve of the stone [kg)

The design conditions are:

Design flow velocity Vtot = 1.2 [mis)
Transversal wave height Ht = 0.26 [m)
Interference peaks height Hi = 0.50 [m)
Slope angle a = 190
Density of the stone material lls = 2630 [kg/m3

)

Relative mass II = (ps - pw )1 pw = 1.63 ,then

CURRENTATTACK

For the nominal diameter is found (after Isbazh):

I
I
I
I

Dn50 = 0.7 Vtot I (g II k) = 0.06 m ,in which

k = slope reduction coefficient = cos a (1-tan2a / tan2tps ) 0.5 = 0.86
tps = angle of repose of stones = 400
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I
WAVE ATTACK

For transversal stern waves (after Laoyrie):

I
I
I
I
I
I

On50 = Ht / (1.5 (cota)'/3~) = 0.074 m

For secondary waves (after Pilarczyk):

On50 = Hi (cOSB)O.5/ 1.8 II = 0.130 m ,in which

B = angle of wave propagation normal to the bank = 550

The secondary waves are the dominant load, 50

On50 = 130 mm
W50min = 5.8 kg

The gradation of the whole coverlayer is estimated according to figure 9.6, the
following guidelines were found:

I
I
I
I
I
I
I
I
I
I

W15min = 2.3 kg
W15max = 5.8 kg

W50min = 5..8 kg
W50max = 8.7 kg

W100min = 11.6 kg
W1OOmax= 23.2 kg

Two layers of stone should be provided resulting in a total layer thickness of 1.5
to 1.8 times On50 = 234 mm
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I
I
I
I
I
I
I
I

------------

15

Stone weight
Wso min (as found from

stability formulae)

Figure 9.6 Gradation guideline for rip rap

ZONE OF WAVE ATTACKI
I
I
I
,I

Adopting that the lower part of the revetment has a Dn50 of 60 mm (to keep
withstanding the currentattack), then the lower extend of the protection against
wave attack can be estimated using figure 9.7 for transversal waves and figure 9.8
for secondary waves.

Transversal waves:

Secondary waves:

I
I
I
I

Ht / (Ll Dn50) = 2.6
Rd' /Dn50 = 6
Rd' = 0.4 m

Hi / (Ll Dn50) = 5.1
Rd' / Dn50 = 11
Rd' = 0.7 m

The lower extend of the coverlayer against wave attack is taken as 0.7 m below
waterlevel.

105



I
I IMPROVEMENT REQUIREMENTS FOR THE SELECTED TRANSPORT SYSTEM

I
I
I
I
I
I
I
I
I
I

20

16

:lJl ~a: c:
C

12

4

O+-----~~~--~-----r----~--------------o 2 2.{, 4 6
Zmax

l:.m 0n50

8

Figure 9.7 Lowest extend of protection against transversal waves

I The upper extend of the coverlayer depends on the wave run-up height based on

I
I
I

wave and revetment characteristics. The effective run-up height R can be
estimated using:

R = Rn r, rB
Rn = pH ,in which
Rn = run up on smooth slopes, defined as the vertical height above waterlevel.
r, = reduction factor due to slope roughness (:::::0.6 for rip-rap)
rB = reduction factor due to obligue wave attack = cos(l~-10); for B < 650

u = wave breaking parameter :::::1.5I
I
I

For the secondary waves: R = 1.5 * 0.50 * 0.6 * 0.7 = 0.3 m

I
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I
I
I
I
I
I

Including a waterlevel fluctuation range of 1.0 m, the rip-rap revetment under wave
attack should extend over a vertical distance of about 2 m (:::::::6 m along the
slope).

I
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Figure 9.8 Lower extend of protection against secondary waves

2 Design of grouted stone coverlayer

I
I
I

When the stones of the coverlayer are grouted, a reduction in nominal stone
diameter can be applied. Experience has shown that the following rules give reliable
results (ref. [ 18]) :

-For surface grouting (30% of the surface voids filled):
Dn50 (grout) = 0.9 Dn50 (loose)

-For pattern grouting (60% of the surface voids filled):
Dn50 (grout) = 0.6 Dn50 (loose)I

I
I
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grouted stone coverlayer

For the loose material the nominal diameter Dn50 of the rip-rap calculation can be
used.

3 Design of concrete blocks on geotextile

concrete blocks on geotextile
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For pitched concrete blocks current attack is no determinating load. Only wave
attack is considered here. Thickness of the blocks can be calculated according to
Pilarczyk:

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Hs I LlD = e cosa IVp ,in whieh

D = thickness of the bloeks Cm]
e = strength coeffieient
p = wave breaking parameter ::::::1.5
Ll = relative density of the concrete blocks = 1.40

Strength coefficient e depends on the type of wave, type of eoverlayer and type
of sublayers. An empirical value of e for concrete blocks connected by geotextile
is 4.0 (ref.[18]).

D beeomes then:

D = (0.50·v1.5)/(1.40·4·cos19°) = 0.115 m. (= 115mm)

The stability of concrete blocks under wave attack depends on:
-bloek weight
-bloek size and shape
-bloek permeability
-sublayer and filter permeability
-rate of interlocking

The stability of the construction is ehecked using the program ANAMOS and was
found to be stabie, having a safety coefficient RIS of 1.19. The calculation is
presented in ANNEX E.

ZONE OF WAVE ATTACK

The upper extend of the revetment is determined by the wave run-up height:

R = Rn r, r(! = 0.5 m ,in which
Rn = pH = 0.75
r, = 0.95
r(! = 0.7
p = wave breaking parameter ::::::1.5

The lower extend is found using the general rule:

Rd I H = 0.8p + 0.5 ; for p < 2.5
Rd = 0.9 m
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I Including 1 m waterlevel variation, the revetment extends over a distance along the
slope of 2.5 *3 = 7.5 meters.

I
I

4 Gabion mattress

The thickness of the gabion mattress tm is related to the used stone size (Dn50).
Two layers of stone is considered sufficient, resulting in a thickness tm of: t., =
1.8· Dn50

I Subjected to wave attack tm can be calculated with (Pilarczyk):

I
I

tm = Hl 4·(1-n)·a·(cota)1/3 ,for cota > 3 ,in which

n = porosity of the stones :::::0.4

For common quarry stones (1-n)·a :::::1 and thus tm = 0.09 m (= 90 mm).

I
I

Only when the current velocity exceeds 3 rn/s or the wave height exceeds 1 m a
granular sublayer is required. The gabion can be placed directlyon the filter
(geotextile) .

I
I

5 Vertical wall

I
I ·I€A~Z"'''O C.~€!E .. ::F
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I
I vertical wall

I Avertical wall has to withstand the hydraulic loads as weil as the imposed soil

I
I
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I

pressure. It is very important that the upper extend of the construction is high
enough to prevent erosion of the soil behind the structure due to overtopping
waves. Also sufficient depth is required to obtain enough reaction force and to
prevent loss of soil underneath the structure. The reaction force against the soil
pressure can also be obtained by an anchor behind the wall. Loss of soil particles
through the construction can be prevented by a filter or geotextile behind the wall.

I

I
9.2.6 EVALUATION AND SELECTIONOF REVETMENT

I
I
I

The vertical wall or cofferdam is very expensive to construct (about US$ 800.-/m1,
and we are talking about 30 kilometres of waterway I), and difficult to maintain
and repair. This type of bankprotection is easily damaged by vessels. The major
advantage of this type of construction is the reduction in landacquisition of about
10 meters at each side of the channel (profit: 20 m * 1.4 US$/m2 = 28.- US$/m).
It might be a preferabie option at piaces where land acquisition is not or hardly
possible.

I
I
I
I

The gabion mattress is very sensitive to damages, especially the wire-netting. This
structure has no 'self restoring' possibilities in a way that other parts of the
construction replace the failed part; break down of (a part of) the wire structure
will initiate the loss of function of the whole revetment. The construction requires
proper and careful maintenance.

Concrete blocks on geotextile requires professional execution and is expensive.
Also maintenance and repair has to be carried out properly and correctly. Loss of
an element will reduce the strength of the whole construction and quick
replacement of the element is therefore required. The construction requires proper
and careful maintenance.

I The rip rap construction (whether or not grouted) is relatively cheap (about 350
US$/m), easy to construct and to maintain and has a'self restoring' capacity. It
is however liable to damage by human action (theft and vandalism) . Grouting of the
stones is a solution when this problem occurs.
In figure 9.10 an example of a rip rap revetment which will fit weil into the
surroundings is shown.

I
I
I
I
I
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I
I

I
I
I

I
I
I
I
I

Figure 9.10 selected rip rap revetment
(/f

Ir ._lel-

Cast estimate ~ ff' JÛp~~o I

For the cost estimate of the revetment works the rip rap cons nietion is
considered. Investment cost of this type of construction is approximat y US$ 350
per meter. Total investment cost then becomes (two sides):
30,000 m * 2 * 350 = 21,000,000 US$
Applying an economie lifetime of 50 years results in an annual cost of about
0.101 * 21,000,000 = 2,120,000 US$
Annual costs of maintenance and repair is assessed at 2% per year and becomes
then 420,000 US$.I

I 9.3 AIDS TO NAVIGATION

I In the selected system, Large Rhine Vessels (having a length of 110 m, a beam of
11.4 mand a payload of 2,250 tons), will continuously sail at the waterway. In
view of safety of navigation, an appropriate channel marking system is required.

I
I
I

Description of the navigation route

The characteristics of the navigation route are as follows:

From km 0 to km 62, the navigation route follows the wide kayals and lakes
between Cochin and Punnamada. Width of the waterway here varies from 1,000
to 4,000 m. Along most part of this route enough depth is already available and

I
I
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I
I

no dredging is required. From km 7 to 8; km 21 to 22 and from km 49 to 62
however, the navigation route has to be deepened. The vessels must be able to
follow this deepened fairway. Also ferries cross this part of the waterwayroute at
Cochin, Pannavally, Vaikom and Thanneermukkom.

I

I
I

From km 62 to km 91, the waterway has to be adapted to the required channel
profile and the fairway is confined by the channel embankments. The low Iying
embankments are densely inhabited and overgrown with tall palmtrees; therefore
riverbranches, creeks and river outfalls into the channel are generally difficult to
distinguish.
(Visibility, currents and winds will not cause much probiems as already outlined in
chapter 3.)

Aids to Navigation (shipborne)

I To keep regular contact with offices, terminals and other ships, a system of ship
radio is necessary. This radio system can also give information about new or
missing buoys, obstructions, temporary works, etc. Radio masts along the
waterway have to be installed.
Because the vessels also navigate at night, the vessels must be provided with radar
which is an excellent tooi of position fixing.

I
I
I
I
I

Aids to navigation (shorebased)

The system must be laid out for visual navigation at dav and night, which calls for
light buoys and -beacons at appropriate locations and intervals.
All buoys and beacons must be provided with radar reflectors to enable detection
by night at all times. An appropriate average distance interval for the locations of
these buoys and beacons, considering the length of the selected vessel ( L, = 110
m.), is (according to Dutch practice) about 750 m.

I
I

Additional marks and illumination are required at bridges, locks, crossings of ferries
and other danger points and obstacles.

Buoys

I
I

The (light)buoys which are applied from km 0 to km 62, mark the navigational
route in relative wide waters. For good visibility at daytime their size should not be
too smalI; a diameter of about 2 meters is required.
Only steel buoys should be used, because they can easily and relatively cheap be
repaired. Buoys made of plastic are vulnerable and repair is a major problem.

I
For the iIIumination of the buoys and beacons several methods can be applied; the
buoys can be:
-gaslighted,
-battery lighted,

I
I
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-solar panel powered
Gas lighted buoys are easy to maintain and energy supply is generally no problem.
Battery lighted buoys are very widely used but batteries must be properly available.
Solar panel powered buoys are more sophisticated than the other methods,
however, they are also more liable to more expensive and less available parts, theft
and vandalism.
Gaslighted allumination is selected as the most appropriate solution.

I

Beacons and signs

I

The shorebased (lighted) beacons consists of a steel support structure for the light
which also contains aradarreflector and the powersupply, for instanee a gastank.
To improve its visibility, which may be hampered by the dense vegetation, an
elevated platform is recommended.
Signs at the left and at the right bank are required te give information about
navigational conditions of the channel. Good visibility is very important, so the
colour, illumination and elevation above groundlevel must be considered carefully.
A good policy is to locate the signs near local houses, so that they can be guarded
and the risk of theft and vandalism wil! be reduced.I

I
I
I
I

Cost estimate

Lightbuoys
A light buoy having the following characteristics is considered:
A 2 m diameter steel body, skirt keel type, complete with marks,radar reflector,
allumination, with chain and anchor for 5 to 10 m waterdepth.
The investment costs of such a buoy is approximately US$ 25,000
Annual depreciation cost is approximately US$ 2,000

I
I

For the waterway route between Cochin and Punnamada (two sides) approximately
(62,000 / 750) * 2 :::::165 light buoys are required. Annual costs amount to:
165 * 2,000 = US$ 330,000

I

Beacons
A beacon having the following characteristics is considered:
A steel pipe structure (flash) light beacon, height 4m.
Investment cost of a beacon is approximately US$ 14,000
Annual depreciation eest is approximately US$ 1,000

I
I

For the route between Punnamada and Trikkunnapuzha (two sides) approximately
(29,000 / 750) * 2 :::::77 beacons are required, annual cost is then:
77 * 1,000 = US$ 77,000

Signs
Lighted signs having a steel pipe support structure with mounting frame, a 1 m2
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I square signboard of galvanized steel, lantern bracket, battery and solar panel,
epoxy painted for tropical conditions and a height of 4 m. are considered.
Investment cost per sign is approximately US$ 7,000
Annual depreciation cost is approximately US$ 400I

I
I
I

When signs are placed with an average interval of 1 km. along the entire route
(except for the very wide stretch from km 30 to km 62), approximately (60,000
/ 1,000) * 2 :::::::120 signs are required. Annual depreciation cost becomes then
about US$ 48,000 _-

I

Maintenance
Concerning maintenance of the aids to navigation the following must be
considered:
Buoys should at least be inspected once every month to check the position and
functioning. Also the buoy must be cleaned and marine growth has to be removed.
Broken parts must be replaced (and therefore each service vessel shall carry a
number of spare parts).

I
I
I
I
I
I
I

For shore beacons the same procedure is applicable as for buoys, including the
removal of vegetation.

9.4 NAUTICAL MANAGEMENT OF THE WATERWAY ROUTE

It is preferabie that the directorate involved with the traffic and waterway control
has its own patrol service. One or more boats must be available. Echosoundings
have to be made regularly in the channel, revetments, buoys, beacons,
kilometersigns and gauges have to be maintained. It is also important to make
waterway maps of the routing.

To keep regular contact with offices, terminals and other ships, a system of ship
radio is necessary. This radio system can also give information about new or
missing buoys, obstructions, temporary works, etc. Radio masts along the
waterway have to be installed.

I

Also night navigation is applied, requiring navigation with radar or permanently
installed navigation lights to mark the channel.
Radarrequires special attention to buoys, beacons and bank alignments; they must
give a good radar echo at all times.

I
I

The amount of maintenance dredging in the new waterway is very difficult to
determine beforehand. A dredger of suitable capacity should be stationed in the
waterway, at least during the first years of operation until areliabie determination
of the maintenance dredging can be made.

I
I
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I 9.5 ESTIMATE OF TOTAL COST PERTON

I
I

Many of the cost components of the transportsystem have already been estimated,
i.e. cost of:
-vessels and crew
-fuel and oil
-Iocks
-capital and maintenance dredging
-land acquisition
-Ioading- and unloading equipment
-quay structures
-revetments
-aids to navigation

I
I

I
I
I
I

Costs which also have to be taken into account are cost of:
-construction of a new bridge at Karumadi and demolition of the old one
-the conveyor belt including gallery structure from Trikkunnapuzha to the
Kayamkulam power plant site
-administration, overhead and profits (15% of total annual cost).

I

The transportsystem has been designed for an annual throughput of 10 mmtpa.
The estimate of the total cost per ton is presented in table 9.1 and
amounts then to US$ 3.2 / ton.

I
I
I

In case only 8 million tons is transported with the same transport system; the
number of vessel calls can be reduced with 20% (3,556 in stead of 4,445 calls per
year). This can be achieved by reducing the sailing speed of the IWT-fleet. As a
consequence the berth occupancy factor will reduce. However, the same transport
system components will be applied and a saving of costs is only obtained by a
slight reduction in fuel- and maintenance costs. When transporting 8 million tons
per year, the total costs per ton are assessed at US$ 4.0 / ton

I
I
I
I
I

116



I
I
I
I
I
I
I
I 't:fIJ\.

I \ '"\,7

<)'\
I ~i \(

I '
\:: f .

I V":f.'S;t ,
I ~:f\G .

. \\
. \i\clwv"'Q. )

I ~ 21, ~. N_,S
<;'l~\~ h

I
I
I
I
I
I
I

IMPROVEMENT REQUIREMENTS FOR THE SELECTED TRANSPORT SYSTEM

cont.wkl ESTIMATE OF TOTAl CO ST PER TON FOR THE SELECTED OPTION (lARGE RHINE VESSEl)

DAY AND NIGHT NAVIGATION

throughput 10,000,000 ton TOT Al COST ESTIMA TES YEAR: 19Q3
CURRENCY: US S

LARGE RHINE VESSEl ( 2,250 ton)

~em Quantity Unit Rate SubtotaJs Cap.Rec. Maint. Yearty
(USS) mil.USS factor + Repair subtotaJ

/ (miI.USS) (miI.USS)
Vessets 19 each 1,700,000 / '32.3 0.1015 3.23 15.155
Pushbollls each 0.0
Berges each 0.0 \
labour 114 men/year 1,500 I 0.17

locks 2 each 5,800,000 11.15 0.101 0.604 1.78

land acquisition 809,000 m2 1.4 1.2 0.101 0.12
Capitai Dredging 7,000,000 m3 4.1j 32.2 0.101 3.25
Maintenance Dredging 1,400,000 m3/yeer 2.~ 3.04

loading Berths 2 each I

Quay structure 253 m 10,500 2.7 0.101 0.27
Vessel Ioaders 2 each 750,000 1.5 0.1015 0.15 0.31

Unloading Berths Cl each

I\:Quay structure 759 m 10,500 0.101 0.80
Vessel unIoaders 5 each 3,500,000 0.1015 1.75 3.151

FueI + oil 39,44CI,000 KWh 0.044 1.74

New bridge 1 each 6000000
)

0.101 o.eoe

Conveyor be~ 4000 m 4000 115 0.101 1.CllC1

Revetments 60000 m 350 21 0.101 0.42 2.541

Aids to navigation
buoys 165 each 25000 4.125 0.33 0.33

beacons 77 each 14000 1.078 0.077 0.077

signa 120 each 7000 0.84 0.048 0.048

ANNUAl SUBTOTAl 27.CI

ADMINISTRATION,
OVERHEAD AND
PROFIT: 4.1

TOTAlINVESTMENT CO ST USS 155.98515

TOTAl ANNUAl COST US$/vear 31.7

TOTA!.. TRANSPORTCOST: USS/lOn 3.2

Table 9.1a Total cost per ton estimate
Throughput 10 mmtpa
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I cont.wk1 ESTIMATE OF TOTAL COST PER TON FOR THE SELECTED OPTION (LARGE RHINE VESSEL)

DAY AND NIGHT NAVIGATION

I
I

throughput 8,000,000 ton TOTAL COST ESTIMATES YEAR:l~
CURRENCY: US S

LARGE RHINE VESSEL ( 2,250 ton )

Item Quantity Unit Rate SubtotaIs Cap. Rec. Maint. Yearly
(USS) mil.USS factor + Repair subtotaJ

(miI.USS) (miI.USS)
Vessels 19 8IICh 1,700,000 32.3 0.1011 3.23 6.65
Pushboats each 0.0
Barges each 0.0

Labour 114 men/year 1,500 0.17

Locks 2 each 5,800,000 11.6 0.101 0.604 1.78

Land acquisition 8119,000 m2 1.4 1.2 0.101 0.12
Capitai Dredging 7,000,000 m3 4.6 32.2 0.101 3.25
Maintenance Dredging 1,400,000 m3/year 2.15 3.64

Loading Berths 2 8IICh
Quay structure 253 m 10,500 2.7 0.101 0.27
Vessel leaders 2 8IICh 750,000 1.5 0.1011 0.15 0.31

Unleading Berths 15 8IICh
Quay structure 759 m 10,500 8.0 0.101 0.80
Vessel unioaders 5 each 3,500,000 17.5 0.1011 1.75 3.151

FueI + eil 39,440,000 KWh 0.044 1.74

Newbridge 1 each 6000000 6 0.101 0.00II

Conveyor belt 4000 m 4000 115 0.101 1.15115

Revetments 60000 m 350 21 0.101 0.42 2.541

Aids to navigation
buoys 165 each 25000 4.125 0.33 0.33
beacons rr 8IICh 14000 1.078 o.on o.on
signa 120 each 7000 0.84 0.048 0.048

ANNUAL SUBTOTAL 27.15

ADMINISTRATION,
OVERHEAD AND
PROFIT: 4.1

TOTAL INVESTMENT COST USS 155.9856

TOTAL ANNUAL COST USSlvear 31.7

TOTA!.. TRANSPORTCOST: US$Iton 4.0

I
I
I
I
I
I
I
I
I
I
I
I
I

Table 9.2b Total cost per ton estimate
Throughput 8 mmtpa
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I 10 MAIN ASSUMPTIONS

I During this study several assumptions were made due to the limited information
available. In further studies these assumptions have to be studied more in detail.
The main assumptions will be mentioned and discussed below:

I -number of operational days per year is 350
-for dav and night navigation the number of operational hours per dav is 20
-a berth occupancy factor of 0.8 is considered
-the rate of annual maintenance dredging is 20% of the amount of
capital dredging
-economie lifetime of vessels and mechanicaI works is 30 years
-economical lifetime of civil works is 50 years
-the economie sailing speed is applied for the whole trip

I
I
I Furthermore a discussion about the following items will be given:

I
I

-the other traffic is left out of consideration because only the
costs directly related to the transportation of coal is considered
-costs of land acquisition
-the number of vessels required
-the alignment (bends) and cross profile of the existing waterway
-arrival pattern of the vessels and resulting port waiting times
-dimensions of the locks
-vessel characteristics
-labour
-the selected tip-rap revetment
-drift angle due to wind influence

I
I
I

number of working davs per vear

I The assumption concerning the number of operational (workabie) days of 350 is
based on the occurring weather conditions. There are however more circumstances
we have to consider. Indian conditions and circumstances are less appropriate than
those in Western countries. Considered must be: national holidays, strikes and a
more frequent break-down of the whole transportsystem. 350 days per year may
be overestimated !

I
I
I 20 working hours per dav

I
If the system will be operational dav and night, 20 working hours per dav is
assumed. A margin of 4 hours per dav is however rather high and margins are
already included in most of the other system components. 24 hours might be

I
I
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I better !

I berth occupancy factor

I
A berth occupancy factor of 0.8 is assumed in the calculations of the
transportsystem characteristics. However the system will probably less regular
than assumed and a factor of 0.8 might be too high.

I rate of maintenance dredging

I
I

The rate of maintenance dredging is assumed to be 20% of the amount of capital
dredging. This has already been discussed in chapter 7 (page 47) and detailed
survey is required in further studies.

I
I
I

economie lifetime

An economie lifetime of 30 years is assumed for the vessels and the mechanical
(handling) equipment and 50 years is assumed for all civil works. However, the
vessels built in India are of lower steel quality and maintenance (also of the civil
works !) is expected not to be carried out properly. A shorter lifetime might be
more appropriate.

I sailing speed over the total trip

I
In the study the calculated economie sailing speed is assumed for the who Ie trip.
In further studies a more detailed distinction between sailing speed of loaded and
empty vessels and of sailing on the narrow and the wide reaches should be made.

I other traffic

I
I
I

The vessels and countrycrafts already plying on the waterway were left out of
consideration because only costs directly related to the transportation of coal is
taken into account. However, for most of the crafts sailing on the waterway will
become impossible due to the influence of the large IWT vessels (wavebuilding) .
Solutions must be found and additional costs must be beared by the coal transport
system.

I
costs of land acquisition

Cost of land acquisition is taken at 1.4 US$/m2
• It may however be expected that
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I the prices of land along the waterway will raise when plans for channel
improvement are made public. Furthermore the waterway embankments are
densely inhabited and many people will have to be relocated, inducing additional
costs and many protests of the inhabitants !I

I number of vessels reguired

I
In the estimate of costs only the number of required operational vessels was taken
into account. However, also spare vessels are required to carry out maintenance
and repair without 1055 of transportcapacity. For this maintenance and repair also
a shipyard (dock) will be required.

I
I

number of buoys reguired

I
I

In fact the same as mentioned for the number of vessels required counts for the
buoys and beacons. Also here spares must be included.

alignment of the existing waterway

I
About the waterway alignment little information is available. This is mainly due to
the fact that the coastal area we are considering is a military zone and no detailed
maps are available. Nevertheless a detailed survey is required to obtain reliable
information. Oneof the boundary condition of the study was that the fairway-route
follows the existing West Coast Canal. Other routes, following less densely
populated areas may be more advantageous.I

I cross profile of the existing waterway

I
I

The cross profile of the existing waterway applied is rather schematic because little
information was available. In further studies a detailed morphological survey of the
fairway is recommended.

I
I

bends along the fairway

I

According to RITES the route contains no sharp bends. Apart from the fact that
this statement might not be correct, the influence of bends on the design channel
cross profile is left out of consideration. This has been done because very little
information was available and the influence on the amount of dredging is negligible.
When detailed survey of the waterway is carried out, the influence of bends must
also be considered.

I
I
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I arrival pattern and port waiting times

I
In the transportsystem calculations a regular system is assumed. This will however
not be experienced in reality. In this stage of the study it is difficult to determine
the expected arrival pattern of the IWT vessels. This arrival pattern as weil as the
distribution of the port service time has a great influence on the additional waiting
time of the vessels.
For the Large Rhine Vessel (2,250 tons), dav and night option, two arrival patterns
will be considered:

I
I i) a semi-regular- (Erlang 2-) and

ii) a random (N.E.D.) distribution of inter arrival times.

I
I

For both patterns the waiting time will be estimated at the loading- and unloading
terminal. The service (loading/unloading) time is considered semi-regular (Erlang 2)
distributed having an average of 1.5 hours at the loading terminal and 5.0 hours
at the unloading terminal.
The estimate of the waiting times for both arrival patterns is presented in table
10.1
The waiting-time factor is taken from "Port development" a handbook for planners
in developing countries, submitted by the United Nations.

I
I
I
I
I
I
I
I
I
I
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I
EST1MATE OF EXPECTED WAlT1NG T1MESAT THE TERMiNAlS

I
Erta_-2Int_ntva_ diatrl>uöon J ErI ..... -2 aeNIc:etinw dlotrl>ulion

LOAOING TERMiNAl

Ut_Ion (b.o.I.) BertM Avarage Service TOM Wallng-lime Waling Time

(houra) ~:s..:.01 • ..-- (houra)

0.75 2 1.5 0.511 0.117
0.110 2 1.5 0.83 1.24

UNLOADING TERMINAL

Ut_Ion (b.o.!.) BertM Avarage Service Time Wallng-lime Waling TIme
FadOr

(houral (in unita of • ..-_ (houral

0.75 11 5 0.11 0.55
0.110 11 5 0.111 0.115

I
I
I
I

R_om (N.E.D. 1__ aRI_ dlolrl>utlon Ertana-2 ae__ dlolrl>utIon

LOADING TERMINAL

Ut_ion (b.O.!.) BertM A_.ge Service Time Wallng-lime W•• ing Ti_
Factor

(hou,.1 IIn _. ola.rvicetimol (hou,.1

0.75 2 1.5 1.00 1.50
0.110 2 1.5 1.40 2.10

UNLOADING TERMINAL

Ut_ion (b.o.!.) BertM A_age Service T1ma Wallng-lime Waling Time
FadOr

(houral (In unita 01."-_ lhoural

0.75 11 5 0.22 1.10
0.110 11 5 0.34 1.70

I
I
I

Table 10.1 Estimate of waiting times

I As can be seen from table 10.1, the arrival pattern has a great influence on the
waiting time of the vessels. In the study a waiting time of 1 hour at the loading
terminal and 2 hours at the unloading terminal was assumed. It can be concluded
that in further studies the arrival pattern must be studied in more detail to get a
better estimation of the expected waiting times.

I
I
I

dimensions of the locks

I
The dimensions of the loek chambers are estimated according to Bouwmeester
(ref.[6]). The resulting dimensions are somewhat overestimated. Further, when
more than one loek is required (two for instanee), a large loek containing two
vessels will be cheaper than two separate locks containing each one vessel. A
further optimization is required in further studies.

I
I
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I
I
I

vessel characteristics

In the study Europeanstandards are assumed concerning the vessel characteristics.
At the moment however , vessels built in India (Port of Goa) do have a maximum
payload of about 1,700 to 2,000 tons only. Further the ratio between length and
beam of the vessel is less than in Europe resulting in a higher resistance and hence
a lower economie sailing speed.

I labour

I
I

For dav and night navigation two shifts each consisting of three men is assumed.
According to latest information however, the number of men required has to be
twice as much (union regulations).

the selected rip-rap revetment

I
I

The most favourite option for the slope-protectionworks was found to be the rip-
rap revetment. The main disadvantage of this type of revetment, the stones could
be stolen, is a much more serious problem than assumed. The stones will be used
for house building and the revetment is expected to be disappeared soon. Other
options must be considered.

I
drift angle due to wind influence

I In order to estimate the drift angle due to wind influence, a design cross wind
speed of 6 mIs is taken. For the wide less protected reach between Cochin and
Punnamada (km 0 to 61), a higher design cross wind might be more appropriate.
The estimate of the design cross wind speed is in fact also related to the number
of days the transportsystem has to be operational. The more days, the higher the
design wind speed under which the vessels must be able to sail safely must be. A
cross wind speed at open sea ~ 10 m/s will occur for 98% of the year and may
be considered as a maximum. Resulting drift angle of the Large Rhine Vessel
becomes then about 60

•

I
I
I
I
I
I
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11 CONCLUSIONS AND RECOMMENDATIONS

10.1 CONCLUSIONS

I
I

The existing waterway route from Cochin to the projected powerplant site at
Kayamkulam following the West Coast Canal, contains many restrictions and is in
the present conditions absolutely not suitable for the transportation of the ultimate
projected coal throughput of 8.06 million tons per year.

I
I

Based on a comparative costs evaluation, the best option for the transportation of
the ultimate projected coal throughput of 8.06 mmtpa from the coal (un)loading
terminal at Cochin Port to the projected thermal powerstation at Kayamkulam by
IWT using the existing wáterway route of the West Coast Canal is the use of IWT
vessels having a payload of 2,250 tons. The unloading terminal will be located at
Trikkunnapuzha and the coal will be transported further by conveyor belt over a
distance of about 4 km.
Improvement of the waterway transport system to transport the ultimate projected
coal throughput, requires the deletion of the existing locks at Trikkunnapuzha from
the system, the construction of new locks at Thanneermukkom, the construction
of a new bridge at Karumadi, channel bank proteetion works, aids to navigation
and extensive capital dredging works.

I
I
I Total resulting coal transportation costs in case 8 million tons per year is

transported amounts to US$ 4.0 per ton.

I
I
I

11.2 RECOMMENDATIONS

Af ter improvement ofthe waterway, transportation ofthe ultimate coal throughput
is possible by IWT. However, environmental impacts and reliability aspects may
result this option to be less attractive. Comparison with other options is required.

I
I
I

The Indian Government is exploring the possibilities of improving inland waterway
transport on the West Coast Canal. It may be possible to combine several interests
concerning the improvement of the waterway route. This provides possibilities for
further cooperation and costs sharing.

I

If the transportation of the coal by IWT is found to be a promising option, further
detailed survey is required to review the present study.
Especially survey is required to:
-The possibilities of removal of lock systems, i.e. the changing of
(parts of) the backwatersystem into a more salt/brackish system,
-The rate of siltation in the new channel,
-The environmental and socio-economical impacts due to the introduction of IWT
coal transport on the region.
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I A further optimisation of the IWT transportsystem may be found in the possibilities
of other routes;

I
I

11.3 CRITICAL REMARKS

I
Lack of reliable data

I
I

For this project, having such an enormous impact on the hydrological,
environmental and social conditions of the area, the quantity and quality of data
and information is very limited.

Country craft traffic

I
I

In the wide reaches between Cochin and Alappuzha the country traffic will not
experience serious navigational problems due to the introduction of IWT coal
transport. In the canal reach between Alappuzha and Kayamkulam Kayal however,
serious operational problems may occur.
Sailing on the canal will be almost impossible for the small country crafts because
of the coal vessel's wavepatterns and the small freeboards of these country crafts.

I
Water management problems

I The Kerala backwaters form a very complex hydraulic-ecological system in which
human intervention will cause significant effects. Improvement of any component
of the (wet) infrastructure can cause a deterioration of others. Great care should
therefore be given to the impact of each project component on the whole system.I

I Waterway improvement

I
I
I

Many of the canals going to be used by the transport system were originally
designed for small slow moving country boats and not for the self propelled coal
vessels. The banks on both sides aremostly densely populated and widening them
to adapt them to the coal barges may therefore be very difficult.
Dredging the backwaters is a delicate subject and possibly not permitted for
ecological reasons.

Salt water intrusion

The waterbarrier at Thanneermukkom was built to separate the fresh watersystem
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I
I
I

of Kuttanad from the salt waterbasin of Cochin during the dry non-monsoon period
(november-june). The operation of the locks causes a penetration of salt water into
the fresh water reach caused by the exchange flow of fresh and salt water due
to the difference in density. During the dry period at least 8/12 * 4,445 = 2,963
vessel calls are taking place; this means 2 * 6,800 = 5,926 loek operations.

Water exchange per loek operation (= water content of the lockbasin -
waterdisplacement of the vessel) = 6,780 - 2,980 = 3,800 cubic meters.
This may result in a salt water intrusion during the dry period of 22.5 million cubic
meters.

I
I
I
I
I
I
I
I
I
I
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I 12SUMMARY

I

The demand for electric power in India has been growing steeply during the past
decade particularly in the rapid industrialising southern regions and power
shortages are frequently experienced. In order to cope with this problem, several
coal burning power stations will be constructed along the west coast of India. One
of the projected sites for a power station is at Kayamkulam, supplied by coal from
Talcher mines in the north east.
The Central Electricity Authority established that the least coal transport costs from
Talcher (Port of Paradip) to the coastal power stations is by means of sea
transport.
Different coal unloading locations have been put forward for consideration for the
Kayamkulam powerplant. One of these locations is at the existing port of Cochin
(110 km north of Kayamkulam). Furthermore several ways for transporting the coal
from the coal unloading terminal at Cochin to the powerplant site have been
considered : slurry pipe, rail and inland waterway transport.

I
I

I
I
I
I
I
I

In the assessment of alternatives concerning the coal transport scenarios for the
Kayamkulam powerplant it has been required to perform a more detailed
assessment of the option by which coal will be unloaded at the existing port of
Cochin and further transported by Inland Waterway Transport (IWT) to the
Kayamkulam plant site.

I
I

The objective of this study is to assess constraints and opportunities concerning
the transportation of the projected coal throughput of 8.06 million tons per year
from the coal unloading terminal at Cochin to the projected powerstation at
Kayamkulam by IWT using the existing West Coast Canal; and to select the most
promising scenario for this transport system on basis of technical feasibility and
costs.

I
I
I

To meet the objective an inventory of the existing situation has been made and
constraints and bottlenecks have been identified. Main constraints are the
inadequate waterway dimensions and the restricted dimensions of the existing
locks at Thanneermukkom and Trikkunnapuzha.
It is concluded that the existing waterway is not suitable for the transportation of
the required throughput of 8.06 million tons per year.

Improvement scenarios have been generated and it is concluded that feasibility of
the transport scenario requires the deletion of the existing locks at Trikkunnapuzha
from the system, the construction of new locks at Thanneermukkom and extensive
capital dredging works.

I
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I Several options for the coal carrying vessels have been considered i.e.:
-self propelled vessels, ranging from 600 to 2,250 tons
-push formations, ranging from 3,500 to 11,200 tons.

I
I
I

These options have been analyzed with respect to the required
-waterway improvements
-Ioading- and unloading terminal
-fleet composition
Further, a distinction has been made between daytime only and dav and night
navigation.

Costs for each option have been determined in order to make a comparison
between the options.
8ased on these analyses, the preferred option for the transportation of the required
throughput of 8 mmtpa, is the use of self propelled IWT vessels having a payload
of 2,250 tons. The total coal transportation cost for the 8 mmtpa are estimated to
be US$ 4.0 per ton.

I
I
I
I
I
I
I
I
I
I
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I LIST OF SYMBOLS

I SYMBOL UNIT DESCRIPTION

I
I b m beam of vessel

bb m bottom width of channel

I
bw m waterlevel width of channel
c N/m2 cohesion factor
cb block coefficient

'I Cd resistance coefficient
d m draught of vessel
9 m/s2 acceleration of gravity

I h m waterdepth
vcr (= vgr) mIs critical sailing speed
va mIs economic sailing speed

I Vs mIs sailing speed

I A m2 dredging cross profile
Ac m2 wet channel cross section
As m2 wet midship cross section

I Aso m2 wet ship' s huil surface
B m vessel beam
C vessels/yr lock throughput capacity

,I D m channel depth
Fr Froude number
Fs N propulsive force

I H m wave height
Hi m interference peak wave height
Hf m front wave height

I Ht m transversal wave height
L m vessel length
Lu m barge unit length

I M kg mass
Ps W propulsive power

I
R m bend radius
Rd' m vertical extend of wave attack
T m vessel draught

I TI m vessel draughtloaded
Tu m vessel draught ballasted
U mIs average return flow velocity

I 128

I



I
I LIST OF SYMBOLS

I
I
I
I
I
I
I
I
I

v
w

mIs
N

current velocity
weight

Z m average waterlevel drop
Umax mIs maximum return flow velocity
Zmax m maximum waterlevel drop

a deg. slope angle
B deg. drift angle
tIJ deg. angle of repose
Jl efficiency coefficient
pw kg/m3 specific mass of water
ps kg/m3 specific mass of stone
t:,. relative mass

I
I
I
I
I
I
I
I
I
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I ANNEX A VESSEL CHARACTERISTICS

I
I

VESSEL OPTIONS

In order to derive vessel and barge options and sizes use was made of the
'Proposal of standardisation of waterways' by the Permanent International
Association of Navigation Congresses (PIANC/CEMT-classification).

I
I

See table A 1

VESSEL PAYLOAD

I
I
I
I
I
I
I

The total waterdisplacement of a vessel is not equal to the contents obtained by
multiplication of length (L), breath (8) and draught (T). The vessel's hullshape isn't
a rectangular box. The order in which the hullshape matches this box shape is
expressed by the 'block-coefficient' cb.
For self propelled cargo vessels cb = 0.85 ,and

for push barges cb = 0.90

I••

I
I

I"

figure Al vessel hull shape

I
I
I
I
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ANNEX A: VESSEL AND SAILING CHARACTERISTICS

The total waterdisplacement will not only benefit the carrying load but also the
vessel' 5 own weight.
The ratio payload-waterdisplacement is expressed by the load-coefficient cl which
is:

- 0.75 for self propelled cargo vessels, and
- 0.80 for push barges.

Assuming water of 1,000 kg/m3 (= 1 ton/m3);
the vessel' 5 payload becomes then : --

Payload = L * B * T * cb * cl [ton]

SAILING SPEEDAND PRIMARY WATERMOVEMENT

Around a sailing vessel there will be a watermovement opposite to the sailing
direction (conservation of mass and energy) which increases with the sailing speed.
This 50 called returnflow also causes a waterleveldrop around the ship. These two
phenomena together are called the primary watermovement. Due to the
waterleveldrop the sailing vessel's keelclearance will be reduced.

.,
I

~.

figure A2 prirnary watermovernent
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I Vs = vessel speed
U = return flow
Z = waterlevel dropI

I
I
I

Primary watermovement

The watermovement around a sailing vessel is very complicated and has a strongly
three- dimensional character. In order to make preliminary calculations, one-
dimensional calculation methods like Bouwmeester's method or Schijf's method
(1953) can be used.

I
I

In confined waters the critical vessel speed depends on the blockage ratio
expressed by Ac / As, in which
Ac = wet cross section of the canal (m2

)

As = wet midship cross section (m2
)

I
I
I , 1

·1
figure A3 cross profile

I
I
I

When vessel- and waterway dimensions and thus the blockage ratio As/Ac is
known, the maximum vessel speed vcr can be calculated using Schijf's diagram.
See figure A5.

I
I
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I
I

The propulsive power required to reach this maximum (critical) speed is excessively
high and very uneconomical. Also wavebuilding and hence bank attack is of
considerable extent. Therefore the vessel speed will be limited to an economic
speed which is approximately 0.80 times the maximum speed.

I
I

ve = 0.80vcr (mis) in which ve = economie vessel speed

SPE.ED

I
I

!CONOMIC

I .!.Pleo I.. _.
i

I
I
I
I

1

~
• I

I>b /.~
./ /',

/ / "-
/
I
/
/
/
/
/

,/
,/

,/
,/

;"

I

.--------- deep vaeer
-.-.-.-.- shallow vaeer
___ rescricced vaeer Relaeionship ship-speed and reSLseance.

I
figure A4 relation vessel speed and resistance

I
I

Waterleveldrop (Z) and returnflow (U) is calculated according to Tuck's formulae
(ref.[6] and [9]):

I u
./gIi

As/Ac Fr
l-As/Ac-Fr1.

I ~= As/Ac Fr;}.
h l-As/Ac-Fr1.

I
I
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I
I THEORETICALLY REQUIREDPROPULSIVEPOWER

I
I

The required propulsive power has been calculated according to Bouwmeester's
impulse method (ref.[6]); the propulsive force is determined by the equilibrium of
forces acting on the ship, i.e. the hydrostatic pressure at the bow and at the stern.
Assuming that the waterleveldrop is still present at the ship's stern, the required
propulsive force becomes:

I Fs = pw 9 {led (vs + U)2 I 2g) + Z} As [N]

I
I

pw = mass of water [kg/m3
]

cd = resistance coefficient
vs = vessel sailing speed [mis]

I
I
I

This relation is applicable for push barges, when the propeller is located at some
distance behind the barges. Concerning conventional vessels however, the
propeller is situated underneath the required propulsive force can be determined
with:

Fs = pw 9 cd {tvs + U)2 I 2g} b[Z + d] [N]

Resistance coefficient cd is expressed by cd = T (d/h)2

in which T ::::::0.8 for conventional vessels and, due to its sloping bow
T ::::::O.1 for pushtows

I
I

The required propulsive power Ps becomes:

Ps = Fs (vs + U)/jJ [W]

I
I

in which jJ is an efficiency coefficient. For pushbarges Bouwmeester found a value
of 0.45 For conventional vessels, Drost in 1986 found based on field experiments
the following relation for jJ :

jJ = 0.067 d + 0.098 d2 {1-Ps/Pmax}

I
I
I
I

in which Ps/Pmax gives the ratio between required - and installed power. A
practical value of 0.8 is used.
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I CLASSIFICAnON D1FFEREl'lCESI

ACCESSIBIUTY
CLASS

E.C.M.T. FRANCE F.R.G. THE l'IE11IERLAl"IDS BELGIUM
I

I barp barp barp barp barp

II Campino .. CaJDIIlDO"
-
CampiDO ..

n a CampiJIoja
C"_

Ila- Hagua ,,_j
lil DEK Tw~unlt DEK DEK DEK
IV RHK Pushed unit of RHK RHK RHlt !

on. GR barp
V GR Pushed UDlt of Va - GR GR GR

twtl~ Vb-t~
reàuceci dralIght puahMI unit

VI GR ~ VI - four-barp Four-barp Four-bu-p
puahMI UDlt puahMI unit puaMd unit puaboIG unit

VIa - six.barp

! ?uahMI urut

I

I
I 3arc- - .iso kDo..,. u SJllta

RHK - RhiJ».Hft1l..c..aai M&Dciani ve.ei
DEK - Dortanma.E-CADai _

GR - Lup RhiDa __

I
A'TacI"~"P"""",.

d_Congrea Ge ~

PROPOSmON DE STANDARDISATION
DES VOIES NAVIGABLES

P-,.,,--o, ..... _cong,....

PROPOSAL OF STANDARDISATION
OF WATERWAYS

I
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I
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I Table A 1 Vessel classification

135

I



I
I
I
I
I
I
I
I
I
I
,I
I
I
I
I
I,
I
I
I
I

ANNEX A: VESSEL AND SAILING CHARACTERISTICS

, '-_.j._ ..~--_._----- -_.__._-' ,A--' '-r~e. . :: :.'.
so 0 ~':' i; , ti T r--;:.,', .... ,~ i !' 1···1,

. , ,-'T'7", ,;. '---. r r-, r::i" 1 • I'!:,: I";'; ". ; -+"T"i i;f :/'," i"f).;·Tt·~r+'··~" ~
l~.. :. I i..·! ,.; ,:., "r ,,-I,! I : ij r-li Ii . !t ." K '~. r"; i--~-+,..· OA

L! I.. ; i ;.-:.....;.. _.. ,·.. L ,A, ,·I·I/ ..i· .L :: L +: ,;.. ~·i +-l-: ..·
I ~ I . Á J . I ~. I ' ! .
,

I
' 1 ! , . I 1 .I/,!/ I '.. , 'r::i" I' I.....~ -r'1 .:. ,.; j' ,.: ,":"y / .... 'T'! _.... :. :-: :1 "1\-'11:''''1'-- .• :." :>:nl~

- i:· ;-I ~-l-·~..L_;_+ .:...~..;_.I- .... ..L .:; 'I r 1 ;, : ·.LI.L~· ..4-I-.';"":~.. ,.,~ ~ -.:.~·'ï·-i-., " . , " "1' . ;{ ., I ~I· , f . =;; . I :"Q' -,

I 0 +.;.1"+:1 i :.!: i-·: ..i H ..··;·V, .: l~': 1:-' ·+-(11:' ... ~ -++ ..:. ~
I1 'I' 'I LL. 1 Jjlt/· ,'I boH' ' Il' I' 1.\L.. +. A;-Î'~'~:1'" : .. :~~r+t-t···-...~."l.. . 11' . .! .. Î :'. 'J= j '-I. .::.: . ': • ';:':.:- rË--:' ,:~' 0

++'1 : I..i++,+:'· j._;.: '(A'I 1-' ',1 .:. -l-lll·:··r· .~.~.-~i·.::-..:.."~ . -c

I..; 1! . 1 ! ...;....j.. ~. Il· ~I I/'ji/:' -: F-ff;l: F ]\:1. -_: ~.!\..• -+ ,...
ç I '0 ~.·'..··1·.;·-1·.~"I"~:..p,-j.:-/· r /rnJ.. ·71· . ... fY - i I:. I ':''': .\. ~-=

,1"" ·j·H +':H-!l1Fr{-'J: r-:.IIf.L LV~ ..-J"v-f"; :... ; 0

-I ;....":'1' ~.++111).I Lij "-1'· i jI J .. ~~ ·f··/f,\ +, !. ~ •..... ~

1:'0 1 . 1-' : ' i //11 f If~ / . : A / /rNI ; '.;.I~y, ~

JJ±ldiW..v.l _-,,_/11 iIJ' 1 C -\,,, L,
_L.l:~t./l7Jlfl f\ ..iV_ ~I. ~ C . ;l!B.···: ~H:.':+ 1- _...i.

sz ' 0 . r_$) 'si J. ~..~IJ· f f ' ,! :-"1'" 'JiJ/:-/J·:7·' '·7/-:0'(' ',/YI "}I" .. ; - ,::: ..... _.,-- ~ -::
· i -;·h,è';Aly:/t ..·/li· {,;N/.~'lIl.iI-{fJl ...t-:"1.·'·'·· ;;~~__ OA ~

('0 : :..I ..~ ~. 'Lïj-fA' :r( J:-rf.:JIA .+..i'}./~~lf~\·:t~,-"i~ .-:'. ~
.'i "+',' 1;"1" ../...I./if·· . 1~L' ,1'1' 'I .., ..{It.. +'-I::!I 'ii1, •. ",.", .... +.. .'~.., \'1'-- .. -," :;:·:···f:1 ,-'ï/'I__11 ;/l"::f·I~1 I~' If~' iJ· I v .. ·1" t:li::"! ': cu
i(.'Icv /.: {IA .V;,~.~' 1 r ii. IJ"l '. \~~. ~.\[~+~:~y':L\.: :. ·i·- :

.+,..ff-lJt-.y.~-l..jl·7,I :"Vjïi.·lft._l~·m !~~:I~:j\~,~\:+- ..·1 :. g ~
· .Ij" : Jl Ij / lli :J i - -',' //_';/I!.J ).J . i.. '_.4JL ..•'l. ~..I"" ... ;._1 :... :.. 0 ~

1 .1. i_~t-V.~L~ I I. I . ~I I.: I "1' ~ "..!'l ~~. J:\ I J I -

'7'0 !id_1f1;,~ .. .iJ /., (1/1 .~":J; :N~k~V \H ..... :.
..l}- f··yyy.:;:[jf).~ '1' :.1/;. iA:,);. :,1<:::':ï-'~\-11'-" :-.

· 'l'L ··t-L i lilA: Ij ll~ l/'ll :-'\I:;::~~ -l\. --\ .. "
'I/LV!: ·;J+,-,-·:tj'r./J·'j!' 1.11 ~ ..: .:.:.{~:J~,...+:;.i\f: :.d .. _. 0ç'o. I f '/. r.1 ' 1/1 1.7'.. ' F " 1\1- I·h .•;--j N

1:::t:·I.:.L'I/'Jf. 7'1--I-AJL 'I/ ! rl' . L~ ." .~ '"-l \ I\.~I~-ll.F·:li"h/'I!'" : ..A. " Lj_· ijll t i I:" "f'r"::" .: 1"- ;: "\_: :~:yn:, :\ ..: 0

· .•y.! . : .v..~:!L .:.v.. ::V; . :''j' l/ "'t--U J I -,.V.':_· '::-..11 ... .;:" 'J::.\:.~:.sL· ,1( ••..... :_/.-·~z:~~Jr'~:-... ::~ - ~..! --~ I..:: :71..;\· ,.,-:: M'II." :~r:

, :r~~,f~;g1/:A\;V-:';:~\_'~y(;~%~~~~\~.
8 0 ,,: "'-.' • ,.:... ,. ·t·-·..··, r-.l;;"'",......,.: .., ..... ~1

:lv,Sv +..;··t..!"l- '~:T:'~'_:!' :0: f1~.519 ,~~~,:",::"~~
-1..; ..... 1.1 .. 1. _+.; - : I ~dl .f.~' , , ; ...... !O!.~~:'. .1 I-~~~:~~ -.......;:~'\.'WI

. • " ,"O~ I ,....T~·· , ,,_.r:._:. ~ 0

o 0 0
..., N

o 0 0

o

Figure A5 Schijf' s Diagram
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ANNEX B ESTIMATE OF CHANNEL CROSS PROFILE

I
I

Hydraulic phenomena as they occur during navigation in confined waters determine
the minimum dimensions for channels for certain vessel characteristics. These
phenomena have a significant effect on the speed and manoeuvrability.

I
I
I
I
I
I

Due to these phenomena the sailing vessel is subjected to squat, trim and critical
speed. These largely détermine the actual speed, ease of navigation and the
possibilities of encountering and overtaking capabilities of the vessels.

REQUIRED CHANNEL DEPTH

The required channel depth is determined by :
- draught of the (design-) vessel and
- keelclearance

Keel clearance is defined as the distance between the bottom of the waterway bed
and the deepest part of the ship while in rest. This keel clearance is needed for the
following reasons :

- speed
- manoeuvring
- avoiding the ship's bottom from hitting the waterway bed.

I
Waterleveldrop (squat) and trim reduce the keelclearance of the sailing barge
considerably. In this study the increase of draught is taken equal to the average
waterleveldrop of the sailing ship.

I
I
I
I
I
I
I
I
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I
--

~ loaded
vessel Draught

Squat
Manoeuvring Keelclearance

Margin

I
I
I

I

-
I
I
I

figure BI channel depth components

Channel depth expressed in draught of the vessel T then becomes:

I
I

-draught 1
-squat 0.05
-manoeuvring 0.2
-margin 0.1 +

-------------
Channel depth = 1.35 TI

I
I
I
I
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I REQUIREDCHANNEL WIDTH

I
I

Traffic situation:

The governing traffic situation is assumed as two encountering IWT vessels.

I
I

Beam

Loaded vessel

Unloaded vessel

I
I
I figure B2 determining traffic situation

I Nautical demands

I For a vessel sailing in confined waters it is almost impossible to maintain a straight
course parallel to the channel axis because of the disturbing influence of bank
suction, ether ships, wind (unloaded vessels) and cross currents. The ship will sail
with a certain average drift angle. For self propelled vessels is this drift angle taken
at 2 degrees; push barges are, as a result of their square huil shape, less course-
stabie and therefore a drift angle of 4 degrees is taken.
Therefere the actual width required is more than only the vessels beam (8).

I
I
I
I
I
I
I
I
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I
I
I
I

"<, ...... ........... _-'...---

figure B3 path width

I
I

safety distance between lanes
When two vessels encounter on a (straight) channel a minimum distance between
their lanes is required to prevent the ships from hitting each other. This separation
lane is usually recommended to be in the order of 1.0 to 1.5 times the vessel's
beam.I

I
I

windinfluence
Drift angle due to wind influence is calculated by,

I
I in which

I
I
I
I
I

~ = drift angle due to wind influence [deg.]
a = empirical coefficient

0.5 for self propelled vessels (ref.[6])
1.0 for push barges (ref.[1 0])

w = wind speed perpendicular to channel axis [mis]
v = vessel speed [mis]

In 80 % of the year the windspeed on open sea will be less than about 8 mis.
Along large parts of the waterway (esp. km 60 - km 91), the channel banks are
overgrown with palmtrees reducing the wind influence.
A design cross wind of 6 mis will be taken. With a preliminary vessel speed of 3
mis, ~ becomes then 4*a [degrees].

Extra path width due to a drift angle is then:

I
I
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I
I
I
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I figure B4 path width as a function of wind speed

I
I

.tt.B=L·sinp

in which L = shiplength.

I
I
I
I
I figure BS driftangle and pathwidth

I
I Windinfluence is only taken into account for the unloaded vessel,

I The unloaded vessel has less draught and therefore some slope profit is obtained
(see figure B6).

I
I
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I Slope profit = { Draught loaded vessel - Draught unloaded vessel } * cotan(slope
angle)

I
I

I Slop.
Profit

I
I

~ __~_. r-

~-----~

I
I
I

figure B6 slope profit

I
I

bankclearance
A bank clearance of 0.3 times the vessel beam for self propelled vessels and 0.5
times for push barges will be taken to reduce bank suction effects.

I
I

safety margin
An extra safety margin of 0.5 *8 for only dav navigation and 1.0 *8 for night
navigation is taken.

I
I

bend pathwidth
When a vessel sails on a curved section of the waterway the ship's centerline will
deviate from the tangent of the bend radius. This centerline will point towards the
inner bend. This results in an drift angle betwéen centerline and tangent. This drift
angle is the result of an equilibrium between all forces that act upon the huil during
the rotation through a bend. This drift angle decreases with an increasing vessel
velocity , with decreasing depth and with larger bend radii. Also the draught and
wind are of influence.I

I
I

142



I
I ANNEX B: ESTIMATE OF CHANNEL CROSS PROFILE

I Additional required pathwidth becomes then (see also figure B8):
L * sin B, with (based on field experiments) B ::::L2

/ R

I
I
I
I
I

No detailed information is available about the present bends. The effects of
additional widening at bends is not included in the present study.

I
I
I
I
I
I
I
I
I
I
I
I
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ANNEX B: ESTIMA TE OF CHANNEL CROSS PROFILE

--- ----- .._.- -

figure B7 vessel sailing through a curve

l IL
1

/

figure BB required pathwidth in curve

Calculated channel cross profiles for the vessel options are presented in tables 7.3
and 7.4
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figure B9 channel cross profile
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I ANNEX C TRANSPORT SYSTEM CALCULATIONS

I
I
I
I

To calculate and obtain the main system characteristics of the vessel options, a
spreadsheet program has been made. Calculations are made for daytime only-and
day-and-night navigation. A description of the main components of the calculation
is given below.

Each transport system (= vessel option) has to transport 10 million ton of coal per
year. Travel distance from the IWT-Ioading terminal at Cochin to the IWT-unloading
terminal at Trikkunnapuzha is 91 km. Sailing speed is according to ANNEX A and
sailing speed calculation output in tables 7.3 and 7.4

I
Shifts at the terminals are considered working 10 hrs. When shifts are changed
some time is inefficiently used resulting in extra (waiting) time.

I
I
I

Loading- and unloading rates based on practical experience are given in table Cl.
The vessels are loaded at Cochin by a continuous loader having an efficiency
coefficient of 0.9. The vessels are unloaded at Trikkunnapuzha by portal grabbing
cranes having an efficiency coefficient of 0.6 due to the very low capacities when
the vessel is almost unloaded.

Resulting trip time then consists of the total sailing time, the lock cycle time and
the time in port at the loading - and unloading terminal.

I
I

Per year the number of trips becomes then:
(number of working hours per year) / (trip time)

Resulting annual throughput per vessel is the payload times the number of trips per
year. The design annual throughput is 10 mmtpa and the number of vessels
required to accomplish this throughput can be determined.

I
I

A berth occupancy factor of about 0.8 is considered for this scheduled transport
system from which the number of required berths can be determined.

Calculation outputs for the vessel options are given in table 7.5 and 7.6 for
daytime navigation only and in table 7.7 and 7.8 for day-and-night-navigation.

I
I
I
I
I
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I
I
I

ANNEX 0 ESTIMATE OF AMOUNT OF DREDGING

When the design cross profile as weil as the existing waterway profile is known,
the quantity of dredging can be calculated.
Three situations can be distinguished:

I
I
I

Situation 1

The existing profile is wider but less deep than required.

I
I
I

T'" 7;1
,, ~ ,, .., ., .

I>UQUIUI) '" A, 7 1>AvA114&1.6

.BT~

I
I figure Dl situation 1

I Dredging quantity is then : A * stretchlength (cum.)
in which

I A = Breq,* (Dreq,-Davailable)+ (Dreq,-Davailable)2*slopereq,
B = Bottom width

I
I
I
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I
I
I

Situation 2

The existing profile is less wide and more shallow than required.

I
I
I
I
I
I

figure D2 situation 2

Now A = A Areq.- available

I
I Situation 3

The available profile is less wide but deeper than required.

I
I Now A = 2*{O.5(Breq.- Bav)*(Dreq.+a) + (Dreq.+ a)2*slopeav.

-(Dreq.+ a)2*slopereq.
= (Breq.-Bav)*(Dreq.+ a) + 2(Dreq.+ a)2*(slopeav.-slopereq)

I
I
I

B is here the toplevel width [m]
a is the height of the banks above waterlevel = 0.5 m

For calculating the total dredging quantities for the channel profiles a spreadsheet
program was made.
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ANNEX D: ESTIMA TE OF AMOUNT OF DREDGING

figure D3 situation 3

Stretchwise calculation outputs of dredging quantities are given in tables D1 to
D10.
The calculation of amount of land acquisition is given in table D11
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ANNEX D: ESTIMATE OF AMOUNT OF DREDGING

LIST OF TABLES REQUIRED DREDGING CALCULATIONS

Table 01 Required dredging tor 'Campine Barge'

Table 02 Required dredging tor 'Oortmund-Eems-Canal vessel'

Table 03 Required dredging tor 'Rhine-Herne-Canal vessel'

Table 04 Required dredging tor 'Large Rhine vessel'

Table 05 Required dredging tor 2 * 1 Barge tormation (0 = 2.8m)

Table 06 Required dredging tor 1*2 Barge tormation (0 = 2.8m)

Table 07 Required dredging tor 2 * 2 Barge tormation (0 = 2.8m)

Table 08 Required dredging tor 2 * 1 Barge tormation (0 = 4. 5m)

Table 09 Required dredging tor 1*2 Barge tormation (0 =4.5m)

Table 010 Required dredging tor 2 *2 Barge tormation (0 =4.5m)

Table 011 Calculation of amount of land acquisition
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I ANNEX 0 ESTIMATE OF AMOUNT OF DREDGING

I
I
I
I
I
I
I
I
I ~

~.......x
Cl
:::I

""a:0
Z
0

~
:Ii
a:
0
LL
W
Cl
a:

""111
I

'"w
:!u,
0
a:
CL
I_,

W
Z
Z

""x0
a:
0u,
Clza
0w
a:
0
0w

"l a:
:5., 0; wa:

I
I
I
I
I
I
I
I

IE IE
" ;:;
" "

~::~~~~8~HI~2 0 ~~8~~~8~~2~2 0
oCl " oCl "_01010.,10 .. 0 .. .,(1) .... 0 OC'llC)OIDt")(I)O.(I')" .... 0wz-:- :!Ï~!g~~~~:!Ï;::i~ oi wz-:- tgi~~~~,.:~rit8 vig;a E __ t? .... .,NCltIOV)_NQ Ol §g~ N_ ....... .,~.,N.,,_ 0:::10 . . ei ":c?rD"':_-":.n..; N _- C'i ",:c?ö"":"':"":IIi.i ~
lil!!!,[ ,,; lil!!!,[ ö
a:o N a:o "

Cl ec: Z c: Z0 a 0 a"ij "ij
Cl 0

Cl 0. w . w. a: . a:
8 0 8 0

NU 100"OGIIOO.,OOOO ~ NU oocaOQOCltOatClOClt _,
NNNNNNNNNNNN 1t)1I)1I)V)1rI)V)1I)V)1()V) V) V) sE Cl 00011001).,010"1040 .... E .. """.,00000".,110- c:o 0 _c:o g",,'" .... ",,'"Cl Cl

ol; ol;

w- 000000000000 w- 000000000000
~i 000000000000 ~i 000000000000
_,1! nC"ieo;t")t?.;..;nt")t?t?t? _,1! ",;t?..;nnn.;.;.;.;.;
"'.!. "'.!.

,g 000000000000 ,g ~~~~~eee~~~~------------cOGOC';C.occ;.;.;o 00';';0000';';00
w x w X_, .... :I ....
iL CL u, CL
0 W 0 w
a: 0 a: 0

8 CL 0..

Ol ""'E 888888888888 ""'E 888888888888.; E 0 E 00 -= tn 10 11)11) 1t)1I)"""'''''''''''' 0 -= 000000000000.., w X 0 ...................................... ,...,... .... w x 0 110""""100.,.,.,.,.,• g; .... .0 g; .... .00 :::I Q. :::I 0->. 0 0 - .• !!: !!:Cl. w wa: a:

~~~8~~g~g8g~
OOOOOOIONV)OIl)II)------ ....

wê~ ._,1!
"'.!.

888888g~g8gg
OOOOOO";NOO";";

w
:!
"-o
a:
CL

E~-.x ~.... ~
0.. •w-
o

000000000000~~~~Co!~~~~~~~..,.N""_",,, __ I()_N_ E~-.x ~.... ~
0.. •w-
o

000000000000~~~~~~~~~~~~..,.N._ •• __ tn_C'II_

::l
LL
o
a:
CL

ggggggg8g888ggggggg::ig~~l!i
0000000 ______ t")t")

ggggggg8g888ggggggg::ig~~l!i
0000000 ______ t")t')

z
s g~8888888888 0 s g~8888888888;:::.....:.....:..:NoaN.n~v) • ..: -c ...,. .....:,..:..:NoaN.n~v) • ..:C'IIC'II., ... GG,...,....,at e C'II('I.I""'GG,...,....,atE s E~ < ~

Z....x
w E gg~888888888 Cl WE gg~888888888Cl 0 Z e 0"" .. O.....:.....:..:NOON.n~v). < .. o""':""':":NoaNv)t?.n.
Z NNt")"'GG,...,...1D 0 Z N('I., ... GIO,...,....,
;;: Z ;;:
x "" x
0 ?( 0

0

io
z
Q
~
(!)

~
Z
?(OL_ ~

Table 08 Required dredging for 2* 1 Barge formation (0 =4.5m)

I
159



I ANNEX D ESTIMATE OF AMOUNT OF DREDGING
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I
I ANNEX E: STABILITY CALCULATION USING PROGRAM 'ANAMOS'

ANNEX E STABILITY CALCULATION OF CONCRETE BLOCKS REVETMENT
USING THE PROGRAM 'ANAMOS'I
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I
I ANNEX E: STABILITY CALCULATION USING PROGRAM 'ANAMOS'

I ANAMOS 2.10 PROJECT: concrete blocks

I
I
I

INVOERGEGEVENS

GOLVEN
Significante golfhoogte
periode (van piek spectrum)
Waterstand tov. de teen

TALUD

I
Helling
Wrijvingscoeff. toplaagjondergr:
Nivo ondergrens zetting
Nivo bovengrens zetting

I
I

CONSTRUCTIETYPE

niet ingewassen dichte blokken

Hs = .500 m
Tp = 2.200 s
hl = 3.800 m

cot(a) = 3.000 -
ft = .100 -
h2 3.300 m
h3 4.300 m

filter
==================================================

==================================================

I
I

geotextiel
==================================================
basis

I

DICHTE BLOKKEN
Breedte (langs het talud)
Lengte (evenwijdig dijkas)
Dikte
Spleetbreedte
Soortelijke massa
Onderlinge wrijving

I FILTER

I
Laagdikte
Karakteristieke korreldiameter
Porositeit

I
I

GEOTEXTIEL ONDER FILTER
Dikte van het geotextiel
Karakteristieke openingengrootte
Coefficienten in machtsrelatie:
q = specifiek debiet (mjs)
i = verhang over geotextiel (i =
In de relatie q = k*i-m is:

I
I Zie volgende bladzijde

I

B
L
D
s
sm
fwg

.500 m

.500 m

.100 m

=
=
=

1.500 mm
= 2450.0 kgjm3
= .500-

b
015
n

= .050 m
= 2.000 mm

.300 -

Tg
090

2.000
.300

mm
mm

=
=

~jTg)

k
m

= 10.000 mmjs
= .500-
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ANNEX E: STABILITY CALCULATION USING PROGRAM 'ANAMOS'

I
I
I
I
I
I
I
I
I
I

ANAMOS 2.10 PROJECT: concrete b10cks

VERVOLG INVOERGEGEVENS

BASIS
Karakteristieke korreldiameter

Porositeit

D50
D90
nb

=
.300 mm
.500 mm
.350 -=

I
I
I
I
I
I
I
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I
I ANNEX E: STABILITY CALCULATION USING PROGRAM 'ANAMOS'

I
I

ANAMOS 2.10 PROJECT: concrete blocks

I
I
,I
I
I

TUSSENRESULTATEN

CONSTRUCTIE

Toplaag
Filter

Forchheimer coefficienten
a (slm) b (s2/m2)

349.227 169.680*10-3
88.798 1245.894

doorlatendheid
k (mis)
.0016
.0108

Geotextiel tussen basis en filter k
m

= .010 mIs
= .500-

Leklengte
Lekhoogte

LAMBDA
lambda

= .183 m
.058 m

I
BELASTING

Golfsteilheid
Brekerparameter
Belastingsparameter

Hs/Lo = .066 -
1.295 -
3.627 -

ksi-o =
Hs/(delta*D) =

I Voor de berekening van de blokbeweging wordt in dit geval gerekend met
Hs. De bijbehorende belastingparameters zijn:
Hoogte stijghoogtefront ~b = .404 m
Helling stijghoogtefront tan(B) .661 -
Diepte zwaarste golfaanval tov. SWL ds = .200 m
Hoogte freatische lijn zf = .203 m
Maximaal stijghoogteverschil toplaag ~w .132 m
Invloedsfactor wrijving rs1 = 1.206 -
Invloedsfactor massatraagheid r2 = .000 -
Invloedsfactor toestroming r3 = .000 -

I
I
I
I
I
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I
I ANNEX E: STABILITY CALCULATION USING PROGRAM 'ANAMOS'

I
I
I
I
I
I
I

ANAMOS 2.10 PROJECT: concrete blocks

EINDRESULTATEN

STABILITEIT TOPLAAG
Belasting
Sterkte
Blokbeweging
Conclusie:
De constructie is stabiel.
H = Hs is maatgevend.

S
R
Y

=
.132 m
.158 m
.000 m=

STABILITEIT TEGEN AFSCHUIVING
Stabiliteitsfactor
Kracht op teen

r a
Fteen

= .000 -
1.24 kN/m'=

I
I

STABILITEIT GRENSVLAK BASIS-FILTER

Het grensvlak is stabiel, want Df15 < 5 * Db90.

I
I
I
I
I
I
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I
I ANNEX E: STABILITY CALCULATION USING PROGRAM 'ANAMOS'

I ANAMOS 2.10 PROJECT: concrete blocks

I GEVOELIGHEID VAN DE RESULTATEN

I DE WAARDE VAN DE INVOERPARAMETERS

I
In onderstaande tabel worden de eindresultaten gegeven behorende bij de
invoergegevens die alleen verschillen in de waarde van de parameter in de
eerste kolom. Deze parameter is in de nieuwe berekening 10% groter gekozen
dan in de oorspronkelijke invoer.

I TOPLAAG
RIS Y/D

GRENSVLAK
icr/imax

Oorspronkelijke resultaten: 1.19 .00 nvt

I
I

10% verhoogde invoerparameter:
Golfhoogte Hs
Golfperiode Tp * 1.18 .00 nvt
Taludhelling cot(a) 1.18 .00 nvt
Waterdiepte hl 1.20 .00 nvt
Blokdikte 0 1.26 .00 nvt
Blokoppervlak B*L 1.19 .00 nvt
Spleetbreedte s 1.22 .00 nvt
Filterlaagdikte bf 1.16 .00 nvt
Filterkorrel Of1S 1.16 .00 nvt

I DE AANWEZIGHEID VAN CONSTRUCTIEONDERDELEN

I
In onderstaande tabel worden de eindresultaten gegeven behorende bij de
invoergegevens die alleen verschillen in de aanwezigheid van het construc-
tieonderdeel in de eerste kolom. Dit constructieonderdeel is in de nieuwe
berekening weggelaten ten opzichte van de oorspronkelijke.

I TOPLAAG
RIS Y 10

GRENSVLAK
icr/imax

I Oorspronkelijke resultaten: 1.19 .00 nvt

I
Weggelaten constructieonderdeel:
Geotextiel onder het filter 1.19 .00 nvt

I
Betekenis '*': Er treden waarschuwing(en) bij op.

Betekenis '-': de parameter kan niet 10% groter gekozen worden, omdat anders
de maximum grens behorende bij die parameter overschreden wordt.
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I ANNEX E: STABILITY CALCULATION USING PROGRAM 'ANAMOS'
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