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SUMMARY 
 
Vizhinjam Executive Summary 
 
The Government of Kerala (GoK) has 
appointed Vizhinjam International 
Seaport Limited (VISL) as the Nodal 
Agency to develop a Greenfield port at 
Vizhinjam in Thiruvananthapuram 
(Trivandrum) district, Kerala, India. As 
such VISL is seeking to appoint a private 
operator to develop the port on BOT 
basis.  
 
Royal Haskoning was appointed by the 
IFC as their Technical Consultant in April 
2010 with the task of preparing a 
Concept Port Master Plan for the new 
port based on the traffic analysis 
provided by Drewry Shipping 
Consultants. In addition, previous studies 
were made available to Royal Haskoning, 
including a master plan developed by 
L&T Ramboll in 2004, which was updated 
in 2007. 
 
Description of the project site 
As per Terms of Reference Royal 
Haskoning adopted the site 
recommended by L&T Ramboll  for the 
development of the port a site located 
directly south to the village and the 
fishery harbour of Vizhinjam (refer to red 
block in figure below).  
 
This site has good access to deep water, 
providing a good location for a deep 
water port catering for ships with a large 
draft. These deep waters require only a 
limited amount of dredging, though the 
costs for breakwater construction are considerable. At present the site is not well 
connected to the hinterland, but upgrading of road and rail infrastructure is in progress.  
 
Marine and Geotechnical conditions around Vizhinjam 
At the proposed port location winds are generally moderate, and are not expected to be 
an issue. Waves on the other hand can be substantial, especially during the monsoon 
season. In extreme events such as cyclones, waves can be considerable with height of 
over 5 to 6 meters. A main breakwater of close to 3 kilometre parallel to the coast and a 
secondary breakwater of about 650 m perpendicular to the coast protect the port from 
wave attack and provide shelter within the port basin. Considering the large design 
waves, the armour layer of the breakwaters will consist of precast concrete elements. 
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Currently only a limited amount of data is available on the geotechnical conditions. This 
data suggests a combination of loose sand, compacted sand, weathered rock and solid 
rock at variable depths. For this concept master plan it is assumed that offshore rock 
layers in the port basin and at the location of the quays are present only from a depth of 
20 meters or more.  The quay walls are founded on this rock layer. The minimum 
dredging depth of the unsheltered section of the approach channel is 19.0m for phase 1 
(with allowance for deepening to 20.3m), the minimum required depth for the sheltered 
section of the approach channel, basins and turning circle is 16.0m for phase 1 with 
allowance for deepening to 17.5m. Dredging of (hard) rock in phase 1 and 2 is not 
expected; however some rock-dredging might be required in phase 3.  
 
Note: The wide range of soil parameters and variations in depth of the rock outcrops 
has to be further investigated in order to verify these assumptions. Therefore a 
combination of a geophysical survey and a geotechnical survey is recommended.  
 
Potential businesses for Vizhinjam Port 
Based on a market study performed by Drewry Shipping Consultants, container traffic, 
especially transhipment of containers, is identified as the main market potential. Besides 
that, there is potential for Multi-Purpose cargo, petroleum products and possibly even 
cruise liners.  An overview of the market potential for Vizhinjam is presented below. 

Phase 1 Phase 2 Phase 3 
  Unit FY14-20 FY21-30 FY31-44 
    Base  High Base  High Base  High 
Container terminal 

Gateway Container Traffic [TEU] 138,459  152,232  392,371  452,635  768,904           922,563  

Transhipment container Traffic [TEU] 683,798  769,123  1,292,842  1,906,437  2,054,545       3,151,126  

Total [TEU] 822,256  921,356  1,685,212  2,359,071  2,823,449        4,073,689  

Vessel calls - main liners [#] 156 - 312 - 520 - 

Vessel calls – feeders [#] 260 - 312 - 468 - 

Multi-purpose terminal 

Fertiliser and FRM [tons] 20,000 -  180,000 -  540,000 -  

Timber [tons] 24,000 -  91,000 -  104,000  - 

Raw cashew (break-bulk) [tons] 63,000 -  88,000 -  133,000  - 

Total [tons] 107,000 -  359,000 -  777,000  - 

Vessel calls [#] n/a -  n/a  -  n/a   - 

Liquid terminal 

Petro-products [tons] 159,000 -  518,000 -  1,051,000  - 

Total  [tons] 159,000 -  518,000 -  1,051,000  - 

Vessels calls [#] n/a -  n/a  -  n/a   - 

Cruise terminal 

Vessel calls [#] 30 -  60 -  120  - 
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Conceptual Port Layout 
Royal Haskoning recommends that the 
profile for the new PPP port at 
Vizhinjam should be characterised by 
the following key visionary key words: 
 

• Green and clean 
• Efficient 
• Competitive 
• Attractive for tourism   
• “Gods own Port” 

 
An overview of the port with a 
proposed staged development over 
three phases is presented on the right 
hand side. The port will provide in total 
2,000 m of quay in three phases. 
 
In addition there is an optional area 
for even further expansion. This can 
bring the port capacity to close to 4 
million TEU. 
 
The port is designed to cater for (transhipment) of containers, as this was identified as 
the cargo with the highest potential. However enough flexibility is built in to allow for 
other types of cargo such as Multi-Purpose, Break Bulk, and even liquid bulk.  
 
The largest container vessel on the market with a capacity of 12,500 TEU (E-class) is 
taken as the design vessel for this port. While these vessels are only expected to call at 
Vizhinjam during phase 2 of the operation, the initial dredging depth during phase 1 
allows for 9,000 TEU vessels. This is done to bring down the initial costs.  
 
Set up of the terminal 
The container terminal area is set up in 
a modular way to allow for easy 
expansion and flexibility in the use of 
the terminal. The terminal has a high 
degree of automation, and is operated 
by Rubber Tyred Gantry cranes 
(RTG’s). Besides the container 
stacking area, room is reserved for 
warehouses, offices, a fuel station, 
weighbridges, and an entrance gate. In 
addition space adjacent to the terminal 
can be used for customs inspection 
and other uses such as stripping and 
stuffing of containers, CFS etc.  
The terminal is connected by rail from the west and by road from the east side of the 
terminal. 
Costs of the new port 

Phase Quay Wall 
length (m) 

Design capacity 
(TEU) 

Phase I 650 822,000 
Phase II 600 1,685,000 
Phase III 650 2,823,000 
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The costs of 
the new port 
are estimated 
at 550 million 
USD (2010). 
These costs 
are based on 
Royal 
Haskoning’s 
extensive 
international 
knowledge of 
the (marine) 
construction 
industry. In 
addition we 
have made use of our local experience in India through our offices in Delhi and Mumbai. 
 
The majority of the port construction costs are associated with the breakwaters, while 
these are located on deep waters and are under significant wave attack. In order to 
bring these costs down to a minimum the following items have been thoroughly 
investigated: 
 
• Construction material: Our investigations showed that the use of large quantities of 

quarried rock is more expensive then the use of precast concrete blocks.  
• Transportation model: For the remaining rock quantities required, our models 

showed a wide variety of costs of this material depending on the logistical chain of 
the material from quarry to site. We recommend transporting the rock from the 
quarry by truck to a sea barge and then shipping this barge to the construction site. 
This speeds up the breakwater construction at marginal extra costs, and it avoids 
many truck movements through the village of Vizhinjam. 

 
Economic Benefits 
The economic viability of a project was assessed in an economic Cost Benefit Analysis 
(CBA) that includes: 
 

1. Direct costs and benefits generated by the development of the port like: 
a. Financial benefits for other parties who benefit from the project 
b. Benefits from transfer payments like concession payments, taxes 

and subsidies paid and received as a consequence of the project 
2. Indirect effects to the region through additional employment and additional 

economic activity in the region. 
3. Costs of (quantifiable) externalities, such as social and environmental 

impacts. 
 
The results of this analysis show an economic benefit for India as a whole of 214 million 
USD (Nett Present Value) and close to 160 Million for the State of Kerala.  

Vizhinjam - Concept layout       

  Phase I Phase II Phase III Cumulative 

Dredging & Land Fill 63 51 65 180 
Breakwater & 
Revetments 242 0 113 355 

Quay wall   53 49 61 162 
General port 
superstructures 4 4 1 10 

Container terminal 45 37 46 128 
Container terminal 
Equipment 98 81 98 277 

Marine Services 31 31 31 93 
Utilities   10 10 10 30 

Miscellaneous 3 2 2 7 

CAPEX in US$ 550 266 427 1243 
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 Overview of the net incremental economic benefits 

  

Economic Benefit 

India (incl Kerala) 

Economic Benefit  

Kerala 

NPV(2011) In Mio US$ In Mio US$ 

 Incremental Direct Economic Benefits   

  Transshipment to India   

  Reduced Transshipment tariffs 41 - 

  Economic benefits from port operations 5 5 

  Transshipment to outside India (Pakistan, Bangladesh) 

  Economic benefits from port operations 2 2 

  Gateway traffic   

  Reduction of hinterland transportation costs 55 46 

  Concession payments   

  Concession lease fees 0 0 

  (Corporate) Tax payment by concessionaires 29 29 

  Revenues from berth dues and port dues 8 8 

  Construction   

  Economic benefits during construction of port 47 46 

 Incremental Indirect Economic Benefits   

  Employment   

  Benefits from direct employment at the terminal 18 18 

      

  Incremental Economic activity due to reduced transportation costs 

  Reduced transshipment cost to India 4 - 

  Reduced hinterland transportation costs 5 5 

 Total 214 159 
 
 
Non-quantified benefits 
It should be noted that besides the benefits identified above there are also non-
quantifiable benefits such as 

• Strengthening the role of South-India as transhipment hub 
• Attracting other maritime business in the future 
• Sense of economic progress and pride among the people of Kerala 
 

These sorts of benefits are not quantified nor taken into account in the evaluation of the 
high-level economic viability of the port development. 
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Operations 
It is estimated that the port will provide jobs for close to 600 full time employees (in 
phase 1 only), with more then half of these people working in the operations of the 
terminal.  
 
Implementation 
It is estimated that the construction of the port can be completed in just over 2 years 
from the moment of mobilisation of the contractor to site. An important aspect in the 
planning is the yearly monsoon. Many activities are best to be performed outside of the 
monsoon season when heavy rains and large swell at sea make earthworks and marine 
based construction impractical, or even impossible. It is therefore recommended to 
enable a start of the construction at the end of the monsoon season in October 2011.  
 
Priority should be given to the construction of the main breakwater as this breakwater 
will provide shelter for all activities around the basin such as dredging & reclamation, 
and quay wall construction.  
 
Construction of the breakwater during a monsoon season is very impractical, as the 
works need to be suspended temporarily. This will result in considerable de- and re-
mobilising costs of the contractor. Also the part of the breakwater already constructed 
will need to be protected for the high monsoon waves, so additional reinforcement is 
needed for this temporary condition, increasing the costs even further. We have 
therefore investigated the possibility to construct the main breakwater in between 2 
monsoon seasons. If the breakwater is constructed using a combination of marine and 
land based equipment, this can be achieved.  
 
Once the reclamation is finished the quay walls can be constructed, followed by the final 
construction of the terminal with its superstructures and equipment set up.  
 
If construction can be started at the end of the monsoon season of 2011, the 
construction works can be completed by the end of 2013. 
 
Environmental and Social Impact Assessment 
An Environmental and Social Impact Assessment is currently being carried out and the 
Scoping Report for the study is submitted to the regulating authority for approval. The 
development of the port is in a densely populated area, which brings challenges 
however also generates opportunity. Key environmental and social issues related to the 
port construction are the transport of rocks to the site and impacts of dredging of landfill 
on the fisheries. Large quantities of material for the construction will be brought in with 
barges to reduce the pressure on local roads and it is proposed to reuse dredged 
material for reclamation works to minimise the requirement for import of material. During 
and after construction, employment will directly benefit and the port could generate and 
support initiatives for improving the local community.  The port is planned directly next to 
the fishery port and the reclamation and dredging will have a negative impact on the 
fishing grounds during and after construction. The expected CO2-emission is 
approximately 1.5 - 1.75kton per year.  
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1 INTRODUCTION 

The Government of Kerala (GoK) has appointed the Vizhinjam International Seaport 
Limited (VISL) as the Nodal Agency to develop a Greenfield port at Vizhinjam in 
Thiruvananthapuram (Trivandrum) district, Kerala, India. As such VISL is seeking to 
appoint a private operator to develop the port on BOT basis. Past work has already 
been carried out on the project which includes various site investigations and studies as 
well as a Techno-Commercial Feasibility Report all prepared by L&T Ramboll Consulting 
Engineers Limited (L&T Ramboll).  
 
For various reasons VISL had to cancel the appointment process and is now 
progressing this project on a modified approach which includes Kerala state support to 
the port development at Vizhinjam.  
 
The GoK has now engaged the IFC as their lead transaction adviser for the project. IFC 
is therefore assisting the GoK in structuring and implementing the project and seeking 
private sector partner(s) to implement the port project in collaboration with the State 
Government ports department.  
 
The IFC started the project in 2010 by selecting Drewry Shipping consultants Ltd to 
perform a market study for Vizhinjam Port. Additionally, VISL contracted RITES of India 
to investigate the required road and rail connectivity alignment to the new port. Also, 
VISL contracted a consultant to obtain the Environmental Impact Clearance for the road 
and rail connectivity as well as to include the Environmental and Social Impact 
Assessment (ESIA) for the new port.  
 
Royal Haskoning Contract 
In February 2010 the IFC invited various consulting companies to prepare a proposal for 
a technical, environmental and social study for the development of new Vizhinjam Port. 
In early March 2010 Royal Haskoning (RH) submitted their proposal to the IFC and 
subsequently RH was selected as their preferred consultants. Contract negotiations 
were held between the IFC and RH in a telephone conference on 01 April 2010, which 
addressed project issues and planning. Thereafter the project was awarded to RH.  
 
The RH project consists of 2 parts as follows: 
 

1. Part I – Pre-bid phase: Technical, environmental and social study for the 
development of Vizhinjam port, and 

2. Part II – Bidding and post bid phase: Preparation of technical schedules for the 
bid document, provisions of responses to Request for Clarifications, and 
assistance to the bid evaluation.  
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The pre-bid part takes 23 weeks for the technical part and 52 weeks for the 
environmental and social study, and comprises the following items: 
 

• Inception phase with site visits – the Inception Report was submitted to the IFC 
on 21 May 2010. 

• Initial Concept Plan was submitted to the IFC on 14 June 2010. 
• Draft Final Concept Plan to be completed within 20 weeks after the start of 

the project (this report). 
• Technical Schedules of Bid Documents to be completed within 23 weeks after 

the start of the project 
• Environmental and Social Impact Assessment to be completed within 52 weeks 

after the start of the project 
 
Draft Final Concept Plan Report 
This Draft Final Concept Plan report describes the following items:  
 

• Description of the project site,  
• Marine and Geotechnical conditions around Vizhinjam 
• Potential businesses for Vizhinjam Port 
• Port user requirements & Alternative concept layouts 
• Selection of preferred alternative concept 
• Conceptual designs of the breakwater, & quay wall  
• Implementation schedule  
• BOQ, CAPEX and OPEX 
• Economic Assessment of the new port 
• Organisational Set up of the port 

 
 

1.1 Review existing information 

Royal Haskoning has received two studies carried out on the Vizhinjam Port. 
 
Techno-commercial feasibility report, L&T Ramboll (May 2004)  
The masterplan study performed by L&T Ramboll was received and reviewed. The 
results of this study especially the survey data provided herewith were used in this 
report. Where relevant the design of L&T is used as reference or for comparison to our 
design. It is however noted that the design of L&T was based on substantially different 
throughput estimates then the current expected throughputs. 
 
Kerala Port PPP - Market Study (March 2010) (see section 5!) 
A study on the market potential for the port of Vizhinjam was performed by Drewry 
Shipping Consultants in parallel to this study. Royal Haskoning has reviewed the reports 
and addenda provided, and discussed their comments with IFC. Most of the comments 
were addressed by Drewry and reports were updated subsequently. The main 
observation made by Royal Haskoning is that the box factor of 1.3 used in the traffic 
forecast is low in comparison to the international benchmark of 1.7. This means that in 
the expected traffic there are relatively few 40 foot containers compared to the amount 
of 20 foot containers.  
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2 PROJECT SITE 

This section of the report describes the project site conditions at Vizhinjam and 
addresses the following issues: 

• Project location 
• Topography and Bathymetry 
• Geotechnical conditions 
• Marine conditions 
• Hinterland connections and port service areas 

 
 

2.1 Project location  

Three alternative locations for the new port at Vizhinjam have been evaluated in 
previous studies. Site A is located directly south to the village and fishery harbour of 
Vizhinjam, Site B is located further south near the Karichal River, and Site C is located 
near the mouth of Neyyar River (see Figure 2-1). The suitability of the three sites has 
been compared by previous consultants.  
 
Site B has strong disadvantages due to negative impact on local residents and fishing 
activities. Site A and C have similar advantages and disadvantages; however site A 
scores better when comparing relocation and rehabilitation requirements and impact on 
the shoreline and rivers. Site C however scores better with regards to development 
costs (source: L&T Ramboll). Site A has ultimately been selected for the port 
development by L&T Ramboll.  
 

 
Figure 2-1: Alternative sites considered for Vizhinjam port development  
[source: L&T Ramboll] 
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This site A (refer to red block in Figure 2-2) is located directly south to the village and 
the fishery harbour of Vizhinjam (refer to Figure 2-2 and Figure 2-3).  
 

  
Figure 2-2 Project location of Vizhinjam PPP Port site 
[Source: Google Earth, Consultants] 
 

 
Figure 2-3: Project site as seen from north-west to south-east; the project site 
stretches from the black rocks in the front until around second headland 
[Source: Consultants] 
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2.2 Topography and bathymetry  

The bathymetry plot (see Figure 2-4:) indicates that the water depths increase fast with 
the distance from the shore with the depth contours running relatively parallel to the 
shoreline. The concept layout for the new port should therefore be compact in order to 
reduce construction costs of port facilities in deep water as both the filling-up of terminal 
areas and construction of breakwaters at large depth are very costly.  
 

 

 
Figure 2-4: Bathymetry of project site  
[source: L&T Ramboll] 

Project site  
(approximate boundary) 
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2.3 Hinterland connections and port service areas 

The hinterland connections to the port will run through part of the village of Vizhinjam. 
The existing road infrastructure consist of (a partly 2 by) 2 lanes bypass road (NH47, 
see Figure 2-1 point #1 and Figure 2-6) until near Kovalam village (Figure 2-5 point #2). 
At present a narrow street with small residential and commercial structures on either 
side of this road lead to the site.  
 
The only rail connection is the north-south connection as indicated in the top right of 
Figure 2-5 (marked “Southern Railway Main line”). There are some basic utilities 
available in the village, but additional water and power supply is being developed to 
serve the new port. It is understood that several infrastructure improvements are 
planned which would improve the hinterland connections, such as: 
 

• Improvement of the current road from the junction with the NH 47 by-pass to 
project site. This improvement will be done by the Government of Kerala (GoK) 
and is planned for completion in January 2011. 

• Extension of the NH 47 Bypass. This extension be undertaken by the  National 
Highway Authority of India (NHAI) 

• The road connection from project site to the NH47 Bypass will be undertaken by 
the GoK (see Figure 2-5 point #3 and Figure 2-7) 

• Rail connection from existing Southern Railway Main Line to the port site will be 
undertaken by the GoK. 

 

 
Figure 2-5 Current and planned road and rail infrastructure 

1 

3 
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Figure 2-6 NH47 Bypass already realised westwards of Kovalam 

 
Figure 2-7 Junction of current existing access road to the project site and on the left 
the visible path of the planned H47 Bypass extension 

 
Figure 2-8: Land acquired and cleared for future construction of road connection from 
NH47 Bypass to the project site 

1 

2 
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3 MARINE CONDITIONS 

3.1 Introduction 

The marine conditions near the project site are summarised in this section. A wind and 
wave study has been carried out as part of the Conceptual Design Study. The results of 
this study are used to determine design conditions for the new port, and to determine 
overall sea state conditions within the future port. A summary of this study is presented 
here, while the complete study is incorporated in Appendix G. 
 
Main items to consider in this respect are the seasonal monsoon that brings large waves 
to the coast of India, and the passage of cyclones in the area.  
 
Offshore wind and wave data are based on hind-cast data as procured by Royal 
Haskoning specifically for this project (source: BMT Argoss). The data (52600 records, 3 
hourly from the period 1992 - 2009) were extracted for a location at 90 km offshore of 
Vizhinjam, at 8 degrees LAT, 76.25 LON, refer Figure 3-1.  
 
A transformation from the offshore to nearshore wind and wave conditions is carried out 
using the computer model SWAN (Simulating WAves Nearshore). The translation is 
made for both normal and extreme conditions. 
 

 
Figure 3-1: Location of the data point used in the study relative to the port location 
 



 

Vizhinjam Port PPP - Preliminary Project Plan  9V7976 R003 
Final Report - 7 - 14 October 2010 

3.2 Chart Datum 

All levels specified are in Chart Datum. 
 
 

3.3 Tidal information 

The tidal levels at the Vizhinjam Port are presented in the Table 3-1 below. It is noted 
that the tidal range is very small, with a difference between mean low and mean high 
water in the range of half a meter. This means that introduction of tidal window in order 
to reduce the dredging depth of the port is not a feasible option. 
 
Table 3-1: Tidal data 
Description Levels 
 (m CD) 
HHWS Highest High Water Spring 1.01 
MHHW Mean Highest High Water 0.84 
MLHW Mean Lowest High Water 0.66 
MHLW Mean High Low Water 0.43 
MLLW Mean Lowest Low Water  0.26 
LLWS Lowest Low Water Spring 0.08 
[Source: L&T Ramboll] 
 
 

3.4 Precipitation 

Maximum monthly rainfall is 3,000 mm during monsoon period (source: L&T Ramboll). 
 
 

3.5 Wind conditions 

The offshore wind data is shown in Figure 3-2. The data is based on hind-cast data from 
BMT Argoss (period 1992 – 2009, 8.00N, 76.25E). For this study, it is assumed that 
wind conditions offshore are similar to conditions near shore.  
 
The predominant yearly wind direction is between 240˚ and 315˚ (approximately 54% of 
the time). The highest wind speeds are about 15 m/s and the 10% exceeded wind speed 
is 7.5 m/s.  
 
During the Monsoon period, from May to September the wind direction is predominantly 
from 225o to 345o, of which 50% from 255o to 285o. Wind speeds are slightly higher than 
during the non-monsoon season but wind speeds in the Argoss hindcast data do not 
exceed 15 m/s. 
 
During the Non-Monsoon season, from October to February, wind direction varies 
strongly. The most dominant directions are West and Northeast. Over 50% of all wind 
speeds are lower than 4 m/s in this season. 
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Wind data (all year) Wind data in monsoon period  

(May - September) 

  

Wind data in non-monsoon period 
(October - April) 

Legend 

Figure 3-2: Wind roses (offshore) 
[Source: BMT Argoss] 
 
 

3.6 Offshore wave conditions 

3.6.1 All year conditions 

Offshore wind and wave data has been purchased from BMT Argoss. Argoss derived 
wind- and wave data from the 3rd generation hindcast wave model WaveWatch III 
(Argoss, 2005). Royal Haskoning has analysed these data for offshore waves (location 
8.00N; 76.25E). A summary of the wave information analysis is provided in this section, 
whilst more detailed information is provided in the report on the Wave Modelling 
presented in Appendix G.  
 
Along the west coast of India waves have a considerable seasonal variation. Wave 
patterns vary over the year due to monsoons. The offshore wave pattern along the 
Indian coasts consists of two components: 
 

• Swell waves -  waves with moderate height but long periods from the south-
westerly to south-easterly directions, particularly from the south 
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• Wind waves – waves with larger heights and shorter periods, mainly coming 
from the west 

 
The highest waves from the data set are as high as 4 to 5 meter, while approximately 
10% exceeds 2.3 meter. Most waves in the dataset are however around 1 meter high 
(around 20% of all waves). 
 
Figure 3-3 shows the data for all year conditions and for the monsoon period (May – 
September) for a combination of swell and sea waves. 
 

  

 

Wave data – year round 
(swell and sea waves) 

Wave data in monsoon period  
(May - September) 

Legend 

Figure 3-3: Wave roses (offshore, all year) 
[Source: BMT Argoss]  
 
The monsoon period is from June until September, although a change in the wave 
conditions can already be observed in May. From May to September the wind generated 
waves are causing rougher sea conditions with higher (short period) sea waves mainly 
coming from the west. The direction of swell waves changes towards the southwest.   
 
From October until April the sea is reasonably calm with relative low swell waves with 
large periods coming from the south. The offshore swell waves are mainly coming from 
a southern direction. Sea waves can still be observed from western direction, although 
with a larger directional spread. 
 
Another representation of these data is given in Figure 3-4 below. 



9V7976 R003  Vizhinjam Port PPP - Preliminary Project Plan 
14 October 2010 - 10 - Final Report 

 

0

1

2

3

4

5

6

7

8

9

Ja
n

Fe
b

M
ar

ch

A
pr

il

M
ay

Ju
ne

Ju
ly

A
ug

us
t

S
ep

te
m

be
r

O
ct

ob
er

N
ov

em
be

r

D
ec

em
be

r

H
s 

(m
) a

nd
 U

w
 (m

/s
)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

Hs (m)
Uw (m/s)

 
Figure 3-4: Monthly average variation of wind (Uw) and wave data (Hs) (the Monsoon 
period runs from May – September)  
 
 

3.6.2 Extreme conditions - Storms 

A statistical analysis has been done on the data set acquired from BMT Argoss to 
assess the yearly conditions and the extreme conditions both for extreme storms 
throughout the year and for cyclones. The results of the analysis are shown in Table 3-2 
(storm data); please refer to Appendix G for more details on this analysis. Note that the 
values arrived from extrapolating these storm events to once in 50 or 100 year return 
values are lower then the cyclones that occur along the coast of India (see also 
paragraph 3.6.3) 
 
 
Table 3-2: Extreme wind speed (Uws), significant wave height (Hs) coupled wave 
direction (HsDir) and wave peak period (Tp) as a function of return period (Qs) – 
source - Argoss BMT 

Return 
Period 

Extreme Wind 
Conditions Wind direction Significant 

Wave Height Wave Direction Wave Peak 
Period 

Qs UWS (m/s) UWDir* * (deg) HS (m) HSDir* (deg) Tp (s) 
1:1 12.1 280 3.33 260 9.8 

1:10 13.8 280 4.38 260 8.8 
1:25 14.5 280 4.76 260 8.4 
1:50 15.0 280 5.05 260 8.1 

1:100 15.5 280 5.32 260 7.8 
* mean Wave direction for values > 3.6 m 

** mean Wind direction for wind speed > 13 m/s 
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3.6.3 Extreme conditions - Cyclones 

In addition to the statistical analysis of the offshore wave data, Royal Haskoning made a 
desk study of data from previous studies at the west coast of India. These data show an 
extreme wave of Hs=6.3m for 1/100yr conditions during cyclones (refer to Appendix G) 
.  
Table 3-3: Offshore significant wave height and peak wave period for Cyclones. 
Return period (yrs) Significant wave height Hs (m) Peak wave period Tp (s) 

25 4.90 9.9 
50 5.59 10.6 
75 5.98 11.0 

100 6.26 11.2 
200 6.93 11.8 

 
 

3.7 Nearshore wave conditions  

The offshore wave conditions have been translated to nearshore conditions using the 
software package SWAN (Simulating WAves Nearshore).  
 

3.7.1 Input parameters 

All waves referred to in this study are generated by wind. For the transformation of the 
offshore waves to the shoreline the following variables were investigated: wind speed 
(Uw), wave height (Hs), bed friction (S0), and direction of the waves. Table 3-4 shows the 
matrix of the dimensions for which wave simulations have been carried out (3x7x6x12 
=1512 simulations in total). 
 
Table 3-4: Range of offshore boundary conditions for wave simulations 

Wind speed  Wave Height 
Wave 
Steepness 

Wave 
Direction 

Uw (m/s) Hs (m) S0 (-) Dir (o N) 

10 0 0 0 

15 1 0 30 

20 2 0 60 

 3 0 90 

 4 0 120 

 5 0 150 

 6  180 

   210 

   240 
   270 
   300 
   330 
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3.7.2 Locations modelled 

Wave conditions have been analysed for 10 
different points of interest (see  
Figure 3-5). The wave roses before and after 
construction of the port are shown in 
Appendix F.  
 
 
 
Figure 3-5: Points of interest in the area of 
the new port 
 
 

3.7.3 Wave conditions in-and outside the port (point 9 and 10) 

Harbour operations are subject to wave action in and around the port area. An analysis 
often used for this purpose is a persistency analysis whereby the exceedance of the 
expected wave heights in relation to their duration is presented.  
 
Table 3-5 presents such a persistency analysis for a point just outside of the planned 
port (point 10). For example the line in grey shows that 21 % of the waves in point 10 
exceed 2.25 m, but only about 1.5 % exceed a height of 3 m. In the case a certain wave 
height is exceeded, the mean duration of that wave condition is given in the column next 
to it. For example, the mean duration of a storm with a wave height between 2.75 m and 
3m is 25 hours. 
 
Table 3-5: Wave height exceedance (%) & duration (h) close to the port area (point 10) 

 
All year 
  

Monsoon 
  

Non 
Monsoon 

 

Hs 
(m) 

Mean 
Duration (h) 

Exceedance 
(%) 

Mean 
Duration (h) 

Exceedance 
(%) 

Mean 
Duration (h) 

Exceedance 
(%) 

0.50 > 2000 99.99   > 2000 99.98 
0.75 1636 99.50   947 99.14 
1.00 728 96.83   412.8 94.54 
1.25 438 90.71 > 2000 100.00 236.3 84.01 
1.50 274 75.74 1584 98.25 138.2 59.52 
1.75 204 55.47 392 87.73 104.7 32.21 
2.00 143 38.20 201 70.03 72.5 15.25 
2.25 82 21.45 95 44.48 42.4 4.85 
2.50 55 10.11 58 21.97 36.1 1.57 
2.75 36 4.28 38 9.42 19.3 0.57 
3.00 25 1.56 25 3.40 24.6 0.24 
3.25 14 0.37 15 0.78 10.6 0.08 
3.50 10 0.10 11 0.20 7.5 0.03 
3.75 12 0.03 14 0.06 3.8 0 
4.00 11 0.01 11 0.02 0 0 
 
A similar table is presented for a point behind the breakwater (refer Table 3-6). Note the 
difference in scale, there are hardly any waves that exceed a height of 0.75 m left inside 
the port! 
 
Table 3-6:  Wave height exceedance (%) & duration (h) close to the port area (point 9) 
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All year 
  

Monsoon 
  

Non 
Monsoon 

 

Hs 
(m) 

Mean. 
Duration (h) 

Exceedance 
(%) 

Mean. 
Duration (h) 

Exceedance 
(%) 

Mean. 
Duration 
(h) 

Exceedance 
(%) 

0.00 > 2000 100.00 > 2000 100.00 > 2000 100.00 
0.25 647 97.18 500 96.85 820 97.41 
0.50 53 29.44 51 14.52 54 40.20 
0.75 24 0.02 24 0.04 0 0.00 
1.00 0 0.00 0 0.00 0 0.00 
 
The same information can also be plotted in a graph presenting the expected wave 
height as a function of the duration and percentage of the time it exceeds a certain 
threshold. The graph is presented for “all year, Non-Monsoon, and Monsoon conditions”. 
 
Figure 3-6 is such a graph for point 10 outside of the port. The blue line represents the 
overall year conditions. For instance about 10% of the time waves are higher then 2.25 
m (dot in black) 
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Figure 3-6: Exceedance close to the port area (point 10) of wave height and duration 
 
 
It is clear that in the monsoon season (red) the wave height is generally higher then in 
the “non-monsoon” period (green). The blue line represents the year round wave height 
exceedance which is the average of the “Non-Monsoon” and “Monsoon” 
 
The same persistency figure is presented below in Figure 3-7 for a point behind the 
breakwater in the future harbour (point 9).  
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Figure 3-7: Exceedance close to the port area (point 9 on figure 14) of wave height and 
duration. 
 
The effect of the breakwaters on the wave height in the port is obvious. In the initial 
situation 50% of the waves during a year are below 1.75m (the blue line in Figure 3-6 
crosses the 50% at app. 1.75m). After construction of the breakwater however, less then 
50% of the waves exceed a height of 0.45 m. 
 
Moreover the configuration of the breakwater in a north-westerly direction is very 
effective, preventing wave penetration during the monsoon. A closer look at Figure 3-7 
reveals that the wave height inside the port is lower during the monsoon then during the 
rest of the year. This can be explained by the fact that throughout the year waves come 
from all directions, also from the entrance of the port, through the channel.  
During the monsoon however, the waves are significantly higher offshore, but come 
predominantly from a single direction. In the case of Vizhinjam, the monsoon waves 
come from a north-westerly direction, which is a direction that is well covered by the 
breakwater. Therefore the breakwater is able to reduce the wave height inside of the 
port during the monsoon period, compared to the average wave height during the rest of 
the year. 
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3.7.4 Transformation of waves to shore for extreme conditions 

The effect of the breakwater is investigated by running the models also with extreme 
conditions. Table 3-7 shows the transformation of the 1:100 design wave as a result of a 
cyclone (Hs = 6.3m offshore) to points 1 to 10 nearshore. In the table the maximum of 
all (offshore) directions 180-300 degrees is given for each point. For example, for point 1 
with an offshore wave direction of 180 degrees and a wave height of 6.3 meter, the 
maximum nearshore wave height is reduced to 4.23 m. It can be observed that the 1 in 
hundred years design wave of 6.3 m is considerably reduced due to the construction of 
the breakwaters for the port of Vizhinjam. Needless to say that for less extreme 
conditions this protection of the breakwaters still contributes to a significant reduction of 
the wave height in the port. 
 
Table 3-7: Transformation of a 1:100 design wave from offshore to nearshore - 
directions 180 – 300 degrees1 

 Offshore  Nearshore 

Point 

Wave 
Height 

Hs 

Wave 
Period 

Tp 

Wave 
Direction 

HsDir 

Wave 
Steepness  

S0  

Wave 
Height 

Hs 

Wave 
Period 

Tp 

Wave 
Direction 

HsDir 

Wave 
Steepness  

S0 

1 6.30 16.50 180 0.0150  4.23 16.57 197 0.0098 

2 6.30 16.50 240 0.0150  2.99 16.52 215 0.0070 

3 6.30 16.50 240 0.0150  6.15 16.51 229 0.0144 

4 6.30 16.50 150 0.0150  2.21 16.45 186 0.0052 

5 6.30 16.50 210 0.0150  6.60 16.50 217 0.0157 

6 6.30 16.50 150 0.0150  1.57 16.40 164 0.0037 

7 6.30 16.50 180 0.0150  6.54 16.50 201 0.0151 

8 6.30 16.50 150 0.0150  5.58 16.50 194 0.0131 

9 6.30 16.50 150 0.0150  2.24 16.42 161 0.0053 

10 6.30 16.50 240 0.0150  6.30 16.49 235 0.0147 

 
 

3.7.5 Conclusion 

It can therefore be concluded that the harbour design with the two breakwaters on the 
west and south side effectively reduce wave action inside the port, both under extreme 
conditions and during normal overall sea state. 
 

3.8 Coastal morphology 

Sediment transport patterns can be observed on satellite images of the coast near 
Vizhinjam. The development of the new port requires the construction of large 
breakwaters to provide shelter for the vessels. Large breakwater developments can 
have the following effects on the coastal processes: 

• Blocking of longshore sediment transport, 
• Change in wave patterns. 

 
Royal Haskoning carried out a deskstudy to analyse the influence of the development of 
the new port (refer to Appendix J); a summary is provided in this section.   
 

                                                   
1 The increase of wave height in locations 5 and 7 is due to local bathymetric conditions 
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From the Southern directions swell waves generate sand transport directed to the North 
and consequently sand transport from South to North occurs, whereby not all rock 
outcropping extend into sufficiently deep water to block sand bypassing completely. 
Therefore at some locations along the southern shore sand will be transported, mainly in 
the breaker zone, from south to north during some months of the year.  
 
Along the southern coast however, also sea wave-generated sand transport occurs from 
North to South in the monsoon season. 
 
The conclusion is that sediment transport will occur in both directions along the southern 
coast. At the new port location the most southern rock outcropping extends into the sea 
sufficiently to substantially block the sand transport to the north, but not completely as 
can be seen by the small sandy pocket beaches just north. 
 
The breakwaters will effect the waves and force them to change direction and in some 
cases also height. Swell waves from the south and southwest arrive at the breakwater 
from a direction that cannot generate a significant effect on the beach. Sea waves from 
the West however will diffract around the breakwater head and arrive at the beach under 
a different angle compared to the present situation. This will generate a change in 
formation of the beach at its northern end. It is expected that when waves come from the 
west for a long enough period of time, the beach will grow towards the sea at its most 
northern end, i.e. it will widen. At a location south along the beach the effect of wave 
diffraction will not be present. Up to that point the beach could become narrower. 
A relatively simple mitigation measure is the construction of one or more (short) groynes 
along this stretch of the coast to create a dynamically stable coastal stretch between the 
rock outcropping and the last southern groyne. 
 
The process described is by necessity a qualitative assessment; however it is not 
expected to involve large changes.  
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4 GEOTECHNICAL INTERPRETATION 

4.1 Introduction  

The general topography of the site shows exposed rock along the coast except at a few 
locations where beaches are present. The seabed dips relatively steeply towards the 
sea, with some sudden rises and falls due to the presence of rock outcrops.  
 
A previous soil investigation has been performed in the port area, including: 
[1] Marine Geophysical and Bathymetric surveys, and  
[2] Onshore and Marine Geotechnical Investigations, performed by Fugro KND.  
 
Three onshore boreholes (LBH-1 to LBH-3) and three marine boreholes (MBH-1 to 
MBH-3) were performed2 (see Figure 4-2Error! Reference source not found.), of 
which the results are discussed in the following sections.  
 
Additional to the boreholes, a side scan sonar survey was performed also identifying 
some underwater rock outcrops in front of the coast (see Figure 4-1).  
 

 
Figure 4-1: Seabed geology and features  
[source: L&T Ramboll] 
 
The number of boreholes available at this stage of the project is limited, therefore the 
below interpretations are in general terms only. Further soil investigations will be 
required to firm up these observations, and reduce the risk of unfavourable soil 
conditions. Recommendations of what this survey should include are summarised in 
section 4.6. 
 

                                                   
2 source: L&T Ramboll  
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4.2 Soil conditions 

The ground profile in most of the previously performed (6) boreholes consists of a 
relatively thin cover (1 to 4 m) of loose to dense sand with increasing strength over the 
depth profile. Hard rock is encountered below this sand layer. The observed bedrock is 
moderately weathered at surface and rapidly grades into sound rock as depth increases. 
The uniaxial compressive strength (UCS) of the rock ranges from 28 MPa to 57 MPa, 
but the quality and amount of tests is limited. 
 
An apparent discontinuity is present towards the project site, as a sand cover of up to 
19.5m is encountered in this area. Moreover, the rock that is encountered underneath is 
in a highly weathered state down to the borehole penetration depths (below ground 
level) of 13.5m (LBH3) and 23.6m (MBH1)3 (Error! Reference source not found.) and 
therefore has completely different strength characteristics from the moderately 
weathered to sound rock described above.  
 
Apart from above observation, rock profiles present at Vizhinjam are generally likely to 
display a relatively high variability in weathering (and therefore strength) from place to 
place. It may therefore be that a weathered rock profile is indeed also present within the 
area that is currently recognised as having a sound rock profile.  
 
Table 4-1: Depths of bedrock levels (source: Field Surveys & Investigations Report) 
Bore- 
hole 

Soil type identified 
 

Depth to  
reference1  

LBH-1 Rock -2m RL 
LBH-2 Rock -4m RL 
LBH-3 Weathered rock -7.8m RL 
MBH-1 Weathered rock -28.3m RL 
MBH-2 Rock -15m RL 
MBH-3 Rock -14m RL 

1Reference level (RL)for Land boreholes (LBH) is surface level 
 Reference level (RL) for Marine boreholes (MBH) is CD 

                                                   
3 source: L&T Ramboll 
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Figure 4-2: Illustration of boreholes locations, obtained from the Field Surveys & 
Investigations Report (for levels of bedrock, see Table 4-1)  
 
Figure 4-2Error! Reference source not found. illustrates the bedrock levels and 
weathering grades that were obtained from the available marine boreholes.  
 

4.3 Soil Profiles defined 

Based on the limited available soil information, two different soil profiles have been 
assumed for this project: 

1. A sand profile consisting of a top layer of very loose sand from land level to -7.5 
m CD on top of loose sand down to -23.5m CD (6 m), underlain by at least 20m 
of dense sand. 

2. A rock profile consisting of a top layer of loose to very loose sand down to a 
depth of -20m CD on top of fresh to moderately weathered igneous/metamorphic 
rock.  
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A graphic representation of these 2 profiles is given below in Figure 4-3. 
 

Figure 4-3: Two preliminary soil profiles defined for this study with the “Sand” profile 
on the left, and “Rock” profile on the right  
 
Note: These profiles are based on limited data. Unfortunately the soil conditions have a 
significant impact on the design and consequently the costs of the new port. Therefore, 
additional information is urgently needed for further design activities.  
 
 

4.4 Seismic conditions 

Vizhinjam falls under Zone III as per the seismic map of India shown in IS: 1893 – 2002, 
for which a peak horizontal ground acceleration at bedrock level of 0.08g is prescribed. 
It is recommended to include an additional soil amplification factor as described by the 
Eurocode 8. It is noted however that these amplification factors are not included in the 
Indian Standard.  
 
Eurocode 8 specifies different soil amplification factors for Type 1 and Type 2 elastic 
response spectra, where the Type 2 spectrum is considered applicable for relatively low-
energy earthquakes with a surface wave magnitude (Ms) < 5.5, such as can be 
expected at Vizhinjam.  
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For the two design soil profiles, the following is applicable: 
 

• Rock profile: no amplification, S = 1.0 by default 
 
• Sand profile: this profile corresponds to soil type E. In this case, the soil factor 

for the Type 2 response spectrum is 1.6, resulting in a design peak horizontal 
ground acceleration of 0.128g. 

 
From the above, it can be concluded that the Vizhinjam port will be exposed to a 
medium seismic risk. 
 
 

4.5 Dredging and reclamation 

4.5.1 Dredging 

Most of the material that will need to be dredged for the Vizhinjam port development 
consists of the shallow sand cover. Dredging of the sand layer that is present on top of 
the bedrock is considered to be feasible without major complications. 
 
H preliminary geophysical data indicate that locally some rock may need to be dredged 
for the port basin lay-out. The presence of rock close to seabed poses a risk for 
dredging activities. The dredgeability of rock depends on a series of properties, of which 
the rock strength (UCS), weathering state and jointing (RQD) is most important. If the 
encountered rock has a high strength, pre-treatment is required before dredging.  
 
Pre-treatment may be applied in various forms, including the following: 
 

a) percussion or rock breaking (dropping or driving a chisel into the rock); 
b) rock ripping (by modifying dredging head/equipment); 
c) rock splitting (mechanically, hydraulically or chemically in boreholes); 
d) surface blasting (by explosive charges placed on the rock surface); 
e) drilling and blasting (by detonating groups of charges in boreholes). 

 
This pre-treatment is generally a costly and time consuming exercise, with potential 
detrimental environmental impact.  
 
Note: The penetration of the boreholes into the rock and the test data are limited and 
additional information is therefore necessary to be able to make a firm assessment. If 
the strength of the rock proofs to be higher, or the volume to be considerably higher, a 
re-alignment of the port lay-out may be necessary to limit additional costs to the port 
development. 
 
 

4.5.2 Reclamation 

The dredged sand can be re-used as landfill depending on its properties, mainly the 
amount of fines (clay and silt) in the sand. Sand that is used for reclamation fill should 
typically contain no more than 10% fines on average. A somewhat higher fines content 
(say up to 25%) requires treatment of the material before use to produce suitable 
material. Considerably higher fines content normally means that the material becomes 
unsuitable for use as reclamation fill.  
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The available data currently gives an ambiguous result, with results varying between 
suitable, treatable and unsuitable material. The best sand was encountered in boreholes 
MBH-2 and MBH-3 (refer Error! Reference source not found.), which provides some 
confidence with respect to the suitability of the material to be dredged for the access 
channel and port basin.  
 
For now it is assumed that the sand within the basin is suitable to be used for 
reclamation purposes. 
 
 

4.6 Additional investigations  

As the amount of information from the Fugro KND reports is very limited, additional 
boreholes, preferably in combination with a detailed seismic reflection survey, need to 
be performed to continue design activities. Especially at the future breakwater location 
and new quay walls additional sub-soil information will lead to a reduction of inclusions 
of risk premiums in the tender bids. 
 
In summary, it is envisaged that the nearshore geotechnical soil investigation shall 
consist of: 
 
- Phase 1 Terminal areas:   3 (three) boreholes 
- Phase 1 Revetment/breakwater:  2 (two) boreholes 
- Phase 2+3 Terminal areas:   2 (two) boreholes 
- Phase 1 Port basin:   3 (three) boreholes 
- Phase 1 Approach channel:  3 (three) boreholes 
- Phase 1 Main breakwater:   3 (three) boreholes 

In total: 16 boreholes 
 
In addition, as the previously performed geophysical surveys have not covered the 
prospected port area in sufficient detail, additional geophysical surveys are deemed 
necessary. The geophysical survey shall fully cover the access channel, the port basin, 
breakwaters and revetments and the terminal areas.  
 
The geophysical survey shall consist of bathymetric soundings, seabed imagery and 
sub-seabed profiling. To acquire this information the following equipment spread is 
envisaged: 
 

• Echo-sounder,  
• Side scan sonar,  
• High resolution sub-bottom profiler (pinger) and boomer or equivalent,  
• Magnetometer 

 
 
Recommendation: Given the importance of the geotechnical information on the costs 
and risks associated with this project, it is recommended to execute this more detailed 
geotechnical soil investigation as soon as weather permits after the 2010 Monsoon 
season.
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5 TRADE REVIEW 

The potential business for the new port at Vizhinjam is addressed in this section and 
covers the following issues: 
 

• Need for a competitive port 
• Drewry market study 
• Review of the Drewry Report 

 
 

5.1 Need for a competitive port 

The new Vizhinjam Port will be located near the southern tip of India in the district of 
Kerala (see Figure 5-1). The project site is located some 200km south of Cochin and 
around 400km over the sea to Colombo. Further, the project site is located some 25km 
south of the city of Trivandrum (refer Figure 5-1. 
 

 
Figure 5-1: Location of Vizhinjam in the southern tip of India  
[source: Google earth] 
 
The new port at Vizhinjam will therefore be located in a fierce competitive market 
environment and this urges the port to have top-notch port facilities offering high service 
levels and standards in order to be able to compete successfully with surrounding ports 
thereby capturing marine traffic, cargoes and port services.  
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5.2 Drewry Market Study 

On request of the IFC Drewry Shipping Consultants has performed a market study for 
the development of a Public Private Partnership (PPP) port project at Vizhinjam. The 
findings of this market study have been reported in the document entitled “Kerala Port 
PPP – Market Study, Final Report issued in March 2010”. 
 
In this study Drewry made a historical traffic analysis for the Indian Sub-Continent (ISC) 
to understand the regional trade and commodity profiles together with a hinterland 
assessment to map the key consumption areas and production centres in India. This 
was followed by a traffic forecast for containers and bulk cargoes. In addition, a traffic 
forecast was made for container transhipment flows taking into account the competitive 
environment for the new PPP port at Vizhinjam, its advantages and disadvantages, and 
its market capture potential. Finally, Drewry performed a bench mark study on the tariffs 
used in the region that concluded with a pricing strategy for the new port of Vizhinjam. 
 
 

5.3 Review of Drewry Report 

This Drewry market study has been discussed with the IFC and VISL in a number of 
meetings during the site visits in April and May 2010. It was noted that this market study 
underlines the need of having good port services and adequate facilities in the new port 
of Vizhinjam.  
 
Royal Haskoning has been requested by the IFC to carefully review this Drewry market 
study and to select promising businesses and cargoes for the new port. This 
assessment was submitted to the IFC on 04 May 2010 and accepted by them on 07 
May 2010. The key observations and conclusions from Royal Haskoning are 
summarised below. 
 
Vizhinjam port profile 
After a careful review of the Drewry market study, site visits of the Consultants to the 
project site, and meetings with the stakeholders, Royal Haskoning recommends that the 
profile for the new PPP port at Vizhinjam should be – amongst others – characterised by 
the following key visionary key words: 
 

• Green and clean 
• Efficient 
• Competitive 
• Attractive for tourism   
• “Gods own Port” 

 
Container – Gateway traffic 
The hinterland for gateway container traffic via the new port of Vizhinjam is particularly 
focussed on the State of Kerala. The forecasted hinterland volumes are relatively low as 
the Kerala market is small. Very competitive port and terminal facilities as well as 
efficient port / operational services are essential to effectively capture and keep a market 
share for gateway container flows for the new port at Vizhinjam. It is also observed that 
containers will be the main driver for new Vizhinjam port and this would fit into targeted 
port profile.  
 
The main hinterland transport mode for gateway containers will be by road and later also 
by rail. It is recommended by Royal Haskoning to adopt the Drewry gateway container 
flows. 
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Container – Transhipment traffic 
With respect to the transhipment traffic for containers Royal Haskoning agrees that there 
will be fierce competition from other hubs in the region such as from nearby Colombo 
and Cochin. Therefore, the actual capture potential for the new Vizhinjam port will be 
driven by efficient terminals and facilities offering (very) competitive rates and high 
service levels. It is thereby noted that transhipment container flows are very volatile and 
can easily be lost to competition. Therefore, the new port shall be able to accommodate 
the biggest main line container vessels. Royal Haskoning recommends adopting the 
transhipment container flows as per Drewry report. 
 
Dry Bulk – Coal  
The actual capture potential for Vizhinjam as forecasted by Drewry is rather small due to 
the competition from other ports and due to the new Cochin LNG terminal partly 
replacing the need for coal. Considerable investments in a coal terminal and coal 
handling equipment would be required to provide high unloading rates in order to beat 
competition, which are not justified for the low forecasted coal volumes. Further, coal 
does not fit well with containers (dust) and cruise vessels (dust, noise, image, etc) and 
hence, this commodity is not recommended for the Base Case scenario.  
 
Fertilizer and Fertiliser Raw Material (FRM) 
The Indian production capacity is not expected to be increasing due to unavailability of 
required feedstock in India. The fertiliser plants in Kerala and Tamil Nadu operate at 
30% capacity and may significantly increase production volumes after connecting the 
plants to the gas grid, which is now under construction. Drewry reported that Indian 
imports may boost if Vizhinjam port would provide a dedicated bagging plant with 
adequate and separate storage facilities. In view of these considerations, RH proposes 
to adopt the volumes as forecasted by Drewry.  
 
Chemicals 
There are limited absorption and supply points for chemicals in Kerala State and Cochin 
is meeting all of Kerala State demands. It is noted that the share for Vizhinjam Port 
would be very low in relation to forecasted imports at competing ports (only 2% in Base 
Case). Further, dedicated and separate port facilities are needed with considerable 
investments for chemical products: the critical mass is considered to be too low to justify 
these investments. Finally, chemicals do not directly fit into the “green and clean” profile 
of the new port and hence this commodity is not proposed by RH for the Base Case. 
 
Petroleum products 
Cochin Port serves at present Kerala State with all petro products imports, whereas New 
Mangalore is largely used for LPG imports with Kochi Port having a new LPG terminal in 
2012. Drewry reported that users prefer these two ports for importing LPG and hence it 
is not worthwhile for Vizhinjam to provide LPG facilities. Nevertheless, a world leading 
tank farm owner showed interests in building tank farms for petroleum products at 
Vizhinjam when basic infrastructure is available.  
 
Royal Haskoning concurs with the findings of Drewry and note that the volumes may 
further increase in case indeed a world leading international service provider for liquid 
(petroleum) bulk storage sets-up a base at Vizhinjam. However, it is to be noted that 
petro products do not go well with tourism and hence the “green and clean” port profile. 
Therefore, due care is needed in locating these facilities in the new port at Vizhinjam. 
 
Edible oils and Dry Oil Cakes (DOC)  
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The Government of Kerala has banned all import of crude edible oils in 2008/09 to 
secure the interests of local coconut farmers. Drewry expects that limited imports may 
resume if the Government would revoke this ban in the future. DOC export volumes at 
competing ports in Vizhinjam’s hinterland were nil in last 5 years.  
 
Royal Haskoning agrees that the ban on crude edible oils imports will considerably 
reduce the opportunities for Vizhinjam for this trade. It is also noted that the potential 
hinterland is small and that competing ports have already good facilities if the ban is 
lifted. Therefore, this commodity is not supported for the Base Case.  
 
Timber 
Kerala state regulations prohibit the harvesting of local forests and hence imports are 
needed to meet the demand. It was noted by Drewry that Cochin looses imports to the 
competing ports of New Mangalore and Tuticorin due to lack of ample storage space 
and high storage costs. They also reported that there is a good international market for 
India manufactured furniture.  
 
Royal Haskoning considers that Vizhinjam port is well suited to import reasonable 
volumes of timber if state-of-the-art facilities are provided and if competitive rates can be 
offered. Hence, the plans for the new port should include timber facilities. 
 
Raw cashew 
The Indian cashew industry is concentrated in Kerala State and domestic production is 
not meeting market demand. Drewry concluded that Vizhinjam is very strategically 
located for import for Kollam and Nagercoil. Nevertheless, competitive rates are needed 
to attract cargo flows to the new port. Drewry also reported that the import may be 
further containerised. Royal Haskoning agrees with opportunities for Vizhinjam to 
provide import facilities for raw cashew. 
 
Construction materials 
Cement and construction materials are imported from northern part of India as Kerala is 
not self-sufficient. However, coastal shipping in India faces constrains such as 
operational, fiscal, institutional, and legal constraints. As a result the growth in coastal 
shipping is slow, also because there is no return cargo. Drewry reported that the main 
commodity for coastal shipping would be cement.  
 
In view of these conclusions Royal Haskoning considers that the capture potential for 
cement for Vizhinjam will be low. Also, cement would require dedicated facilities such as 
separate facilities, covered conveyor belts, etc and that therefore the competitive 
logistics would be a challenge. Therefore, we recommended that this commodity is not 
included in the Base Case for the new port.  
 
Cruise market 
Drewry reported that tourism has at present a significant contribution to the economy of 
Kerala State as its climate and culture are very attractive. Cruise lines would therefore 
be an attractive market for the new Port at Vizhinjam. There are several tourist 
destinations for cruise vessel passengers within easy reach of the Vizhinjam Port. 
Drewry reported that high port dues and inadequate cruise vessel & passenger handling 
facilities are a major deterrent for cruise operators in India.  
 
The operational window for cruise vessels would typically be in the non-monsoon period 
from November to April. World class cruise facilities are needed at competitive rates to 



 

Vizhinjam Port PPP - Preliminary Project Plan  9V7976 R003 
Final Report - 27 - 14 October 2010 

capitalise on this market niche and hence Drewry advised on a coordinated and 
collaborative marketing and promotion strategy to boost cruise vessel calls at Vizhinjam. 
 
Royal Haskoning agrees the above observations and conclusions and notes that cruise 
facilities would very well fit into the “green and clean” Vizhinjam port profile.  
 
Ship repair facilities 
Drewry reported that the key determinant for ship repair demand is the shipping traffic 
that is active in the vicinity of the proposed yard and that in this respect Vizhinjam might 
benefit from the south-west India traffic as well as from major East – West shipping 
traffic, specifically the dry cargo vessels. They also reported that very competitive 
facilities are needed to penetrate this market and to beat competition from, amongst 
others, ship repair facilities at Dubai and Singapore.  
 
However, Royal Haskoning does not recommend such facilities in Vizhinjam in view of 
the fierce competition, the need for considerable investments to provide up-to-date 
facilities, and its strong impact on the environment: noise, light, visual, etc. Further, ship 
repair facilities do not fit into envisaged port profile (“green and clean”) and do not go 
along well with tourism.  
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5.4 Conclusions 

The key businesses as agreed upon for inclusion in the port concepts for the new port at 
Vizhinjam are: 
 

• Containers: transhipment and gateway  
• Multi-purpose cargoes: fertilisers & FRM, petro products, timber, and raw 

cashew nuts 
• Cruise market 

 
The volumes and number of vessels as forecasted by Drewry for these businesses are 
summarised in Table 5-1 for three port development phases.  
 
Table 5-1: Summary of trade volumes per terminal 

Phase 1 Phase 2 Phase 3 
  Unit 

FY14-20 FY21-30 FY31-44 

Container terminal 

Gateway Container Traffic [TEU] 138,459 392,371 768,904 

Transhipment container Traffic [TEU] 683,798 1,292,842 2,054,545 

Total [TEU] 822,256 1,685,212 2,823,449 

Vessel calls - main liners [#] 156 312 520 

Vessel calls - feeders [#] 260 312 468 

Multi-purpose terminal 

Fertiliser and FRM [tons] 20,000 180,000 540,000 

Timber [tons] 24,000 91,000 104,000 

Raw cashew (break-bulk) [tons] 63,000 88,000 133,000 

Total [tons] 107,000 359,000 777,000 

Vessel calls [#] n/a n/a  n/a  

Liquid terminal 

Petro-products [tons] 159,000 518,000 1,051,000 

Total  [tons] 159,000 518,000 1,051,000 

Vessels calls [#] n/a n/a  n/a  

Cruise terminal 

Vessel calls [#] 30 60 120 
[Source: Drewry] 
 
 
In subsequent meetings with IFC it was decided to proceed with the development of a 
Port Master Plan for a Container / Multi Purpose terminal. The requirements of such a 
port are further developed in Chapter 1.  
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6 MASTER PLAN 

6.1 Introduction  

During the initial concept design phase the overall port layout was investigated.  
An Initial Concept Design Report was submitted to IFC on the 14 of June 2010, 
presenting a several high level concept port layouts (refer Figure 6-1). A copy of this 
report is presented in Appendix M. 
 

 
Figure 6-1: Overview of port layouts presented in the concept  
 
The port configuration with the Southeast Channel alignment was finally chosen as the 
preferred layout, because of its minimal impact on the existing fishery port, its good 
protection against waves, and most economic construction. 
 
This chapter focuses on how the master plan for the new port of Vizhinjam was further 
developed based on the expected trade volume (refer to Chapter 5). Therefore the 
following items were investigated: 
 
• Port User Requirements – these were determined based on the traffic forecast 

provided by Drewry and were then translated into requirements such as quay 
lengths, water depths, and terminal areas 

• Marine Services – what services are likely to be provided? 
• Configuration of the entrance channel and breakwater – both are costly and have a 

significant impact on the functionality of the port, so are there any optimisations 
possible?  

• Terminal requirements – based on the expected throughput of cargo the terminal 
size was estimated 

• Other requirements – focusing on the Mechanical and Electrical Services required 
for the new port such as water, sewage, electrical etc. 
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• Environmental requirements – are there any specific constraints to the port from an 
environmental point of view? 

 
 

6.2 Port User Requirements  

6.2.1 Container terminal – cargo mix and volumes  

A container terminal generally handles different categories of containers. Based on the 
Drewry market forecast the following categories are identified for Vizhinjam container 
terminal:  

• Transhipment traffic  
• Gateway traffic 

 
A summary of the traffic forecast is provided in Table 6-1 (source: Drewry).  
 
Table 6-1: Summary of trade volumes per terminal 

Phase 1 Phase 2 Phase 3 
  Unit 

FY14-20 FY21-30 FY31-44 

Container terminal 

Gateway Container Traffic [TEU]   138,459 392,371 768,904 

Transhipment container Traffic [TEU] 683,798 1,292,842 2,054,545 

Total [TEU] 822,257 1,685,213 2,823,449 
[Source: Drewry] 
 
Following observations have been made related to the forecast figures from Drewry:  

• Reefers have not been included separately 
• TEU factor is considered low (1.3) compared to world benchmark (1.7)  

 
 

6.2.2 Design vessels  

Vizhinjam Port is located near the east-west mainline trunk route, where the world’s 
largest vessels operate Maerskline currently deploys their largest vessels on the AE7 
route (see Figure 6-2). 
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Figure 6-2: Maerskline AE7 routing 
 
Table 6-2shows operators using the largest vessels in the world. The largest vessels are 
operated by Maersk Line (E-Class, 8 vessels, length is 400m), other operators operate 
smaller vessels of 366m. 
 
Table 6-2: Overview of vessel sizes per operator (not complete) 
Operator Length Breath Draught Year  

Maersk Line 398 56.4 16 2007 

MSC Mediterranean Shipping Co 366 51.2 16 2008 

United Arab Shipping Co 366 48.2 15.5 2011 

CSAV 366 48.4 15.5 2010 

China Shipping Container Lines 366 51.2 15.5 2012 

CMA CGM The French Line 366 48.4 15.5 2011 

Offen C-P 366 48.4 15.5 2011 

Zim Integrated Shipping Serv 366 48.2 15.5 2012 

COSCON 366 48.2 0 2012 

Hyundai Merchant Marine Co Ltd 366 48.2 15.5 2010 

Zodiac Maritime Agencies Ltd 366 48.2 14.5 2010 

Source : Lloyd’s ship register 
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The main competitors for containers in the region are Cochin and Colombo, which at 
present both do not have facilities to accommodate the largest container vessels. 
However, plans for upgrading the port facilities exist for both ports.  
 
Royal Haskoning therefore recommends a design vessel for mainlines based on 
dimensions of the largest vessel currently operated, i.e. the E-class container vessel.  
 
To reduce the initial capital investments in phase I, a smaller vessel is chosen as initial 
design vessel for phase I (capacity is 9,000 TEU, as per Drewry forecast). It is however 
emphasised that the structural design for phase I facilities should be able to 
accommodate for the largest design vessels in the future.  
 
The dimensions of the design vessel are as follows:  
  

• Phase I 
o Length  350 m 
o Beam  46 m 
o Draught 14.5 m 
o Capacity 9,000 TEU 

• Phase II and III:   
o Length:  397 m 
o Beam  56.0 m 
o Draught:  16.0 m 
o Capacity: 12,500 TEU  

 
6.2.3 Vessel mix and parcel size 

Vizhinjam wants to attract mainline services as well as direct call services offering end-
to-end services that start/ end in the Indian Sub Continent (ISC) region and/ or the 
Middle East. The sizes of the vessels would depend on trade volumes on these routes. 
 
Feeder services are linking ISC spoke ports with regional transhipment hubs. The size 
of feeder vessels is driven partly by the volumes, but more so on limitations at spoke 
ports. Drewry recommended a vessel mix for vessels calling at Vizhinjam port. The 
suggested fleet mix consists of: 

• Mainline 1:  9,000 TEU capacity 
• Mainline 2:  6,000 TEU capacity 
• Feeder 1:  1,500 TEU capacity 
• Feeder 2:  1,000 TEU capacity 
• Feeder 3:  600 TEU capacity 

 
Royal Haskoning further analysed characteristics of container vessels in the world’s fleet 
(see appendix H). Vessel characteristics differ considerably, and Royal Haskoning 
suggests following typical lengths:  

• Mainline 1:  350m 
• Mainline 2:  295m 
• Feeder 1:  180m 
• Feeder 2:  155m 
• Feeder 3:  130m 

 
The parcel sizes are provided per vessel type (see Table 6-3). The parcel size includes 
the TEUs which are both loaded and unloaded per vessel. 
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Table 6-3: Parcel size ands average calls per week for expected traffic 

Average number of vessel calls per vessel category (calls/wk) Weekly Parcel sizes 
(TEU/wk) 

 9000 TEU 
vessel 

6000 TEU 
vessel 

1500 TEU 
vessel 

1000 TEU 
vessel 

600 TEU 
vessel Feeders Mainlines 

Phase 1 1 2 0 3 2 6,521 9,162 
Phase 2 2 4 2 4 0 12,269 19,716 
Phase 3 3 7 4 5 0 18,951 33,136 
Source: Drewry 

 
Royal Haskoning has rated the parcel size for the various sizes of vessels (see 
Table 6-4).  
 
Table 6-4: Parcel size in TEU per vessel 

Parcel size (TEU/vessel) 

 9000 TEU 
vessel 

6000 TEU 
vessel 

1500 TEU 
vessel 

1000 TEU 
vessel 

600 TEU  
vessel 

Phase 1 3,927 2,618 2,329 1,553 932 
Phase 2 4,225 2,817 2,629 1,753 1,052 
Phase 3 4,322 2,881 2,584 1,723 1,034 

Source : Royal Haskoning 

 
 

6.3 Marine services 

To operate a modern port, marine services are required to assist approaching vessels in 
a safe entrance and berthing in the port. The services are also needed for safe 
departures. 
 

6.3.1 Marine assistance procedure 

Figure 6-3 below presents the steps of the marine assistance procedure together with 
the approximate duration and the required marine service equipment. The total duration 
of the tug assistance procedure for accessing the port takes around 1.5 hours. 
Preferably the whole procedure takes place in sheltered waters (refer section 6.5). 
Section 6.5 also covers the stopping procedure in more detail. 
 

 
Figure 6-3 Tug operations for accessibility of the port 
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6.3.2 Number of vessels required  

For the port of Vizhinjam the design vessel for the first phase is a 9,000 TEU container 
vessel. A ship this size requires a minimum of 2 tugs4 to ensure a safe entrance to the 
port under difficult wind and wave conditions.  
 
In addition to these two tugs it is recommended to have another tug as a spare vessel, 
which can be used on an as-needed basis as decided by the pilot and further this third 
tug will avoid idle time in the port in case 1 of the tugs breaks down, or requires 
maintenance. Thus for the beginning of phase 1 a total of 3 tugs are required. 
 
For even larger ships such as the E-class container vessels, more tugs are required. 
These vessels are typically assisted with 2 front and 2 rear tugs. If the port of Vizhinjam 
expands to also cater for E-class container carriers, the number of tugs needs to be 
expanded to 5 (2 front, 2 rear and 1 spare). 
 
In addition to these tugs a number of other marine vessels are required as presented in 
Table 6-5, i.e. a pilot launch and 3 mooring launches, the latter assisting in fastening the 
mooring lines whilst berthing. 
 
Table 6-5: Number of marine vessels required of phase 1 of the port development 
Marine Services  Unit Quantity 
    Tug Jetty  [#] 1 
    Tug (60-80BP)  [#] 3 
    Pilot Launch  [#] 1 
    Mooring Launch  [#] 3 
 

                                                   
4 Assuming these tugs will have at least a pulling force of 60-80 ton bollard pull, and an 80% tug 
efficiency resulting from wave action in the port basin. 
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6.4 Approach Channel and Turning Circle dimensions  

6.4.1 Depth of the channel 

The depth of the approach channel is determined by the design vessel’s draught and the 
required under keel clearance. This under keel clearance is required to prevent the ship 
from running aground and therefore takes into account: 
• the influence of waves and winds 
• uneven bottom profiles and dredging tolerances 
• safety margin 
 
Unsheltered Channel 
PIANC5 guidelines indicate a under keel clearance between 25 and 30% depending on 
local conditions, resulting in a required depth of 20.3 m for the design vessel with a draft 
of 16 meters in phase II and III (refer Table 6-6). Initially the approach channel has a 
required depth of at least 19m. 
 
Table 6-6 Required depth of the entrance channel according to PIANC (unsheltered by 
a breakwater) 
 Design Vessel  9,000 TEU 12,500 TEU 
 Vessel draught (T) [m] 14.5 16 
 Vessel length [m] 350 397 
  Vessel beam [m] 46 56 
     
 Underkeel Clearance [%] 25-30% 25-30% 
 Water depth unsheltered approach channel [m] 19 20.3 
 
Sheltered Channel 
If the entrance channel is protected by a breakwater, the conditions improve (less wave 
action) and therefore the required underkeel clearance can be reduced to 10% in the 
fully protected area of the channel and in the turning circle (refer Table 6-7).  
 
Table 6-7 water depth and length of stopping section 
 Design Vessel  9,000 TEU 12,500 TEU 
 Vessel draught (T) [m] 14.5 16 
 Vessel length [m] 350 397 
  Vessel beam [m] 46 56 
 Underkeel Clearance (total sheltered) [%] 10% 10% 
 Water depth (total sheltered) [m] 16.0 17.5 
 
Transition part of the channel 
For the transition zone between the turning circle, that is fully sheltered, and the 
unsheltered outer part of the channel, a larger under keel clearance is assumed to take 
into account vessel movements and inclination of the vessels coming from the 
unsheltered waters. 
 

                                                   
5 Permanent International Commission for Navigation Congresses; an international body establishing 
design guidelines for the maritime industry 
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6.4.2 Width of the channel 

The width of the approach channel is based on the guidelines of PIANC, presented in 
Table 6-8 below. The width of the channel is determined by summing 

• Width of basic manoeuvring lane (Wbm) 
• Width surcharges for navigational conditions (Wi) 
• Width surcharges for bed and bank clearances (Wbr and Wbg) 

This results in a width of the unsheltered approach channel of 300m. 
 
Table 6-8 Design width of the approach channel 
  Determination of width of Outer Channel (exposed to open water) 

  Category Unit  Condition 
Width in 

[vessel beam] 
 Wbm       
  Basic Manoeuvring Lane    moderate 1.5 
   Vessel speed [kts]   slow 5-8 0.0 
       
 Wi            
   Prevailing cross wind [kts]   moderate 15-33 (Bft 4-7) 0.5 
   Prevailing cross current [kts]   moderate 0.5-1.5 1.0 

   Prevailing longitudinal 
current [kts]   low <1.5 0.0 

   Significant wave height 
Hs and length � [m]   Hs>3 and �>L 1.5 

   Aids to Navigation    excellent with shore traffic control 0.0 

   Bottom surface    Depth <1.5T - smooth or sloping 
and hard 0.1 

   Depth of waterway    1.5T - 1.25T 0.1 
   Cargo hazard level    low 0.0 
              
 Wbr      

  Port    sloping channel edges and 
shoals 0.3 

 Wbg       

    Starbord    sloping channel edges and 
shoals 0.3 

         
   One way channel    =Wbm + � Wi + Wbr + Wbg 5.3 B 
   Channel width one-way     300 m 
 
 

6.4.3 Turning Circle dimensions  

The turning circle is taken as 1.75 times the design vessel’s length, which is in line with 
the PIANC guidelines. This results in a diameter of the turning circle of 700m. The depth 
of the turning circle is based on PIANC for sheltered conditions (refer Table 6-9). 
 
Table 6-9 Dimensions of the turning circle 
 Design Vessel   
 Vessel draught (T) [m] 16 
 Vessel length [m] 397 
  Vessel beam [m] 56 
    
 Underkeel Clearance (total sheltered) [%] 10% 
 Water depth (total sheltered) [m] 17.5 
 Diameter of turning circle [length of design vessel] 1.75 
 Diameter of turning circle [m] 700 
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6.5 Breakwater length 

The function of the breakwater is not only to provide a sheltered port basin, but also to 
facilitate a save stopping of the vessels approaching the port.  
 
Due to the steepness of the coastline around Vizhinjam, construction of a breakwater in 
deep water can not be avoided. As a result the investment costs for a breakwater will be 
substantial. Therefore the length of the breakwater should be kept to a minimum. The 
following considerations apply: 
 

6.5.1 Standard design length 

In the initial concept stage the length of the breakwater was designed to be able to 
provide a fully sheltered area for the complete stopping procedure of a vessel, 
(approximately 1 nautical mile, or 1,800 m) according to international practise.  
 
PIANC advises a minimum of 4 times the length of the design ship, which equals 1,600 
m (4 times 400 m). 
 
The resulting length of the breakwater between 1,600 and 1,800 meter is substantial, 
and considered too much in the case of Vizhinjam. Upon consultation with IFC, an 
investigation was done into the possibilities to reduce the length of the breakwater.  
 
 

6.5.2 Reduced breakwater length 

The length of the breakwater can be reduced by not providing a fully sheltered channel 
for the complete stopping procedure.   
 
The length of the sheltered stopping section is then reduced from 4 to 3 times the vessel 
length. This length is taken from the start of the transition section to the middle of the 
turning circle. In this part of the approach channel tugs assist the incoming vessel during 
the final stopping procedure. It is thereby assumed that one of the tugs will make fast to 
the arriving vessel outside the breakwaters in open sea. This requires therefore a heavy 
duty tug 
 
 

6.5.3 Pilotage 

The safe passage of a pilot from his vessel to the incoming vessel depends on: 
 
• The height of the waves – high waves obviously make it more difficult to transfer 

from pilot launch to ship 
• The wave period during – short periods of waves result in a high frequency of peaks 

and crests, and thus makes moving from the pilot launch to the arriving vessel more 
difficult.   

 
Nowadays, in practise waves of up to 2.5 m (sometimes even 3.0m) can be accepted 
during transfer from pilot launch to an incoming vessel. 
 
Wave persistency and downtime analysis of the port 
The wave persistency table from paragraph 3.7.3 (Table 3-5) for all year conditions 
outside of the port are presented herewith again (Table 6-10).  
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Table 6-10: Wave height exceedance (%) & duration (h) outside to the port area 

 
All year 
  

Monsoon 
  

Non 
Monsoon 

 

Hs 
(m) 

Mean. 
Duration (h) 

Exceedance 
(%) 

Mean. 
Duration (h) 

Exceedance 
(%) 

Mean. 
Duration (h) 

Exceedance 
(%) 

0.5 > 2000 99.99   > 2,000 99.98 
0.75 1636 99.50   947 99.14 
1.00 728 96.83   412.8 94.54 
1.25 438 90.71 > 2,000 100.00 236.3 84.01 
1.50 274 75.74 1,584 98.25 138.2 59.52 
1.75 204 55.47 392 87.73 104.7 32.21 
2.00 143 38.20 201 70.03 72.5 15.25 
2.25 82 21.45 95 44.48 42.4 4.85 
2.50 55 10.11 58 21.97 36.1 1.57 
2.75 36 4.28 38 9.42 19.3 0.57 
3.00 25 1.56 25 3.40 24.6 0.24 
3.25 14 0.37 15 0.78 10.6 0.08 
3.50 10 0.10 11 0.20 7.5 0.03 
3.75 12 0.03 14 0.06 3.8 0 
4.00 11 0.01 11 0.02 0 0 
 
It can be seen that the percentage of waves exceeding a wave height of 2.5m is some 
10% (or some 2% for 3m waves), which is considered the downtime for the pilotage 
operations. 
 

6.6 Configuration of the entrance channel and breakwater 

Figure 6-1 below presents a typical overview of the entrance channel and the shelter 
provided by the breakwater. 

 
Figure 6-4 Overview of the marine infrastructure dimensions 
 
Fast time simulation software can be used to study the ship entrance and exit 
manoeuvres. Such simulations should be done in a later stage of the project to confirm 
the above described typical configuration of the approach channel and breakwater and 
find additional cost savings where possible. An example of the output of such a fast time 
simulation is presented in Figure 6-5 below, where the swept path of a vessel is shown. 
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Figure 6-5 Fast time simulation of stopping procedure [note: typical example] for 
8,500 TEU container vessel with a perpendicular side wind of 15 m/s modelled in 
SHIPMA software 
 
 

6.7 Wave intrusion 

Finally, the intrusion of waves into the port was investigated to prove that the shorter 
breakwater indeed provides enough shelter inside the port areas. 
 
Figure 6-6 and Figure 6-7 show the modelling of the design wave with a statistical 
occurrence of only once in a hundred years. The transformation of this large wave 
towards the coast, and around the port, clearly shows the sheltering influence of the 
breakwaters. 
 
The same pattern applies for normal yearly conditions, though with significantly smaller 
waves.  

 
Figure 6-6: Modelling of an extreme 1: 100 years wave of 6.3 m from a westerly 
direction (270 degrees) 
 
Figure 6-6 above shows the 1:100 years wave with a height of 6.3m approaching the 
port from a westerly direction which is the predominant wave direction during the 



9V7976 R003  Vizhinjam Port PPP - Preliminary Project Plan 
14 October 2010 - 40 - Final Report 

monsoon. From the figure follows that the design wave of 6.3 m is reduced to about 1m 
in side the port. 

  
Figure 6-7: Modelling of an extreme 1: 100 years wave of 6.3 m “through the channel” 
– 120 degrees 
 
A similar plot (Figure 6-7) is made for waves from a south-easterly direction parallel to 
the approach channel. It is clear that the height of the wave is already significantly 
reduced when it approaches the port area, and even further reduced inside the port.  
 
Again the plot is shown for a design wave with a frequency of 1 in 100 years only, but it 
clearly shows the effect of the breakwater. 
 

6.8 Aids to Navigation 

The port needs to be equipped with a set of Aids to Navigation that may comprise of the 
following items: 

• Buoys and leading lights 
• Radar system 

 
The configuration of such facilities is usually done during the detailed design phase. 
 
Vessel traffic Management Systems (VTS) are deemed not necessary for the initial 
phase, because of low traffic volumes (in the order of 1 per day), but may be considered 
in phase 2 or 3, when the traffic volumes pick up. 
 

6.9 Terminal requirements  

6.9.1 Required berth length 

The required berth length for the new port is related to the required competitive service 
level of the new port. The average berth occupancy should therefore be approximately 
50% to provide such a competitive service.  
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Drewry provided information on expected container throughput for mainliner and feeder 
vessels (in TEU per week, refer to section 6.2). Additionally, information was provided 
on the number of vessel calls and the expected vessel size. Royal Haskoning used the 
information provided by Drewry and calculated the rated parcel size per vessel class 
(refer to Table 6-4. The rated parcel size is based on the utilised capacity for mainliners 
and for feeders.  
 
The average service time is depending on the number of available cranes, their handling 
rates and efficiency, and finally the parcel sizes. For example for a Mainliner 1 vessel 
with a parcel size of close to 4000 TEU this results in a total service time of 31.6hr  
(including 3 hours for (un)mooring).Per call, this vessel occupies 375m berth for 
31.6hours per call. The total of usage of the quay can then be expressed in the time  
usage of the quay times the required length (refer to the total berth use, see Table 6-11).  
 
Table 6-11: Calculation of berth use (for phase 1) 

Vessel type Mainline 1 Mainline 2 Feeder 1 Feeder 2 Feeder 3 Total  

Vessel capacity (TEU) 9,000 6,000 1,500 1,000 600   

Parcel size (TEU) 3,927 2,618 2,329 1,553 932   

Parcel size (Boxes) 2,951 1,967 1,750 1,167 700   
Vessel length (incl. 15m spacing) 
(m) 375 320 205 180 155   

no. vessels per week (-) 1 2 0 3 2   

Cranes per vessel (-) 5 4 3 3 2   

Moves per hour (boxes/hr) 27.5 27.5 27.5 27.5 27.5   

Crane effectivity (-) 0.75 0.75 0.85 0.85 0.9   

(Un)loading time (hr) 28.6 23.8 25.0 16.6 14.1   

(Un)mooring time (hr) 3 3 3 3 3   
Total service time per vessel 
(hr/vessel) 31.6 26.8 28.0 19.6 17.1   

Total service time per week (hr/wk) 31.6 53.7 0.0 58.9 34.3 178.5 

Total berth use (hr m/wk) 11,855 17,180 0 10,605 5,314 44,955 

 
On top op of this Nett berth usage a peak-factor of 20% and a downtime allowance of 
5% is added. The calculation and assumptions used for determining the required berth 
length are shown in Table 6-12.  
 
Table 6-12: Calculation of berth occupancy (for phase 1)  
   

Total berth use (hr m/wk) 44,955 

Total berth use during peak (hr m/wk) 53,945 

Hours per week 168 

Downtime 5% 

Available time (hr/w) 160 

Berth length (m) 650 

Berth occupancy 52% 
 
The required total berth length is determined by iteration of the berth length and the 
achieved occupancy level. A total berth length of 650m results in a calculated berth 
occupancy of 52% which is considered acceptable for a competitive port. It is noted that 
the required length should be further elaborated when more details of vessels and their 
schedules are known.  
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The required quay lengths for other phases are (for calculations and assumptions, see 
Appendix I): 

• Phase 1:    650m (resulting in 52% occupancy)  
• Phase 2: 1,250m (resulting in 54% occupancy) 
• Phase 3:  2,000m (resulting in 56% occupancy) 

 
6.9.2 Berth capacity 

The result of the above calculation is compared to competing ports in the region (see 
Table 6-13). It can be seen that Colombo has higher throughputs in TEU per meter 
quay, however the number of boxes is similar to the number of boxes in Vizhinjam (TEU 
factor in Vizhinjam is 1.3 (source: Drewry) vs. world benchmark of 1.7). The available 
berth length in Dubai is approximately 5km adding a large flexibility in operations and 
higher allowable berth occupancies. 
 
Table 6-13: Summary of terminal performances/ benchmarks 

Throughput Quay length Quay  
  

[TEU/a] [m] [TEU/m/a] 

Vizhinjam    

RH - Vizhinjam phase 1 822,257  650 1,265 

RH - Vizhinjam phase 2 1,685,213 1,250 1,350 

RH - Vizhinjam phase 3 2,823,449  2,000 1,411 

L&T - Vizhinjam short term1 1,800,000 1,245 1,450 

L&T - Vizhinjam medium term1 3,000,000 1,900 1,580 

L&T - Vizhinjam long term1 4,500,000 2,860 1,850 

Cochin    

IGT2 350,000 560 625 

Vallarpadam 
no data 

available   

Colombo    

South Asia Gateway Terminals 1,726,5003 940 1840 

Unity Terminal  590  

Jaya Terminal  1,475  

Total Colombo (excludes SAGT) 3,687,4654 2,060 1,790 

Dubai    

Jebel Ali 11,827,300 5,000 2,360 
1 Source: Techno-commercial feasibility report, table 4-44, L&T Ramboll 2007.  
  TEU factor respectively 1.5, 1.6, 1.7.  
2 Maximum capacity (source: www.igtpl.com), maximum achieved 260,000 TEU (2008)   
3 Maximum achieved in 2008 (source: www.slpa.lk). 
4 Achieved in 2008 (source: Containerisation yearbook 2010) 

 
6.9.3 Yard handling concept 

The forecast container throughput requires efficient and high density stacking of 
containers. The conceptual layout of the terminal is therefore based on operations with 
Rubber Tired Gantry cranes (RTG’s) with Empty container block stacks.  
 
Alternatively a handling system with a high level of automation/ robotisation could be 
considered by a terminal operator. Such systems require larger initial investments and 
could potentially result in savings on operational costs. These systems are not deemed 



 

Vizhinjam Port PPP - Preliminary Project Plan  9V7976 R003 
Final Report - 43 - 14 October 2010 

beneficial in phase I of the project since it would not necessarily improve operational 
performance of the terminal and the potential savings on labour costs are not expected 
to be sufficient to justify the increased investment costs.  
However these systems could be beneficial in future operations, and are envisaged for 
phase 2 and 3 of the project..  
 

6.9.4 Stacking area 

The container traffic forecast has been used to prepare a conceptual layout for the 
container terminal with its stacking area. The two categories of containers handled in the 
container terminal (i.e. transhipment and gateway) are summarised in section 6.2.1. 
These two categories have different stacking requirements. The reasons for an 
individual stacking calculation approach for each stacking category are: 

• Laden import containers are best stacked somewhat lower in order to reduce 
internal terminal moves; 

• If laden export containers are stacked according the usage, type, size, 
destination and weight class method, they may be stacked close to the technical 
maximum height without causing any extra household moves. 

• Reefer containers require power points, and when stacked higher than two, 
reefer gantries are required. Reefer points and gantries require additional yard 
space. 

• Empty containers may be stacked in block stacks with reach stackers or empty 
handlers with increased stacking heights, which is more economical than with 
methods for laden containers.  

• Finally the land-to-land flow of empties may be kept out of the marine terminal 
altogether and handled by an empty depot, which does not need to be inside the 
port (note: Drewry figures do not show any land-to-land container flows). 

 
The calculation of the stacking requirements is divided in two parts; laden container and 
empty containers. The calculation assumes that laden containers are stacked by Rubber 
Tired Gantry Cranes with 5+1 high stacking capacity. Empty containers are stacked 
using Empty Handlers stacking 6 high. The calculation of the required Twenty feet 
Ground Slots (TGS) is provided in Table 6-14. 
 
Table 6-14: Required number of TGS  

  Laden Empty 

Required Capacity (Phase I) 435,250 41,200 

Stacking height  5 6 

Stacking days per annum 350 350 

Average occupancy 65% 50% 

Dwell time 6 20 

Peak factor 120% 120% 

Required # of TGS 2,755 942 
 
The terminal can further be divided in three main parts:  

• Apron area 
• Stacking area 
• Facilities area 
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Apron area 
The quay apron is on the water side of the container terminal, between the waterline and 
the container storage area. The apron runs over the entire length of the quay structure. 
The cross-sectional dimensions are shown in Table 6-15 
 
Table 6-15: Dimensions of apron 

Apron 
  m  
face of concrete                        -   
waterside rail                        3.00  
landside rail                      30.50  
margin                        2.00  
hatch cover zone                      15.00  
margin                        2.00  
internal road                      12.00  
margin                        2.00  
light pole foundation                        3.00  
Total                      69.50  

 
Storage yard design 
The containers are stored in the stacking area (or storage yard). Various equipment 
types can be operating in the storage yard, resulting in different space requirements. A 
modular structure is used to assess the requirements for following equipment types:  

• Rubber Tyred Gantry crane (RTG)   
• Empty Container Handler (ECH)  

 
It is noted that light poles, fire hydrants and crests and valleys required for drainage will 
all follow this modular structure. 
 
Table 6-16: Modular yard structure perpendicular to quay 

RTG module ECH Module 
  m   m 
margin 1.8 margin 2.0 
Center line (c.l.) to c.l. RTG 
Wheels 26.1 9TEU@2.5 m 23.0 
by-pass road 7.0 handling lane 20.0 
c.l. to c.l. RTG Wheels 26.1 9TEU@2.5 m 23.0 
by-pass road 6.0    
    
margin 2.0 margin 2.0 
light pole foundation 3.0 light pole foundation 3.0 
Total 72.0 total 72.0 

 
The length of the yard is based on the TGS length module. Including a small margin for 
handling, the TGS module is 6.5m long. In order to assure maximum flexibility and 
adaptability, also other terminal elements are based on this module. 
 
The traffic corridors perpendicular to the quay include an RTG traversing lane plus an 
external-truck / tractor-chassis road. The width of this corridor is five TGS length 
modules (5 x 6.5m = 32.5m). The terminal operator may change the location of these 
traffic corridors without much work on ground slot markings. It is therefore advised to 
include ground slots in these traffic corridors in the Terminal Operating System (TOS). 
 
The reefer gantries have a width including a margin of (0.5 x 6.5m = 3.25m). This way 
the terminal operator may later add or delete reefer gantries without upsetting the 
modular structure of the yard. It is noted that Drewry has not specified reefer 
requirements and no allowance is therefore made for a separate reefer stacks in this 
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assessment (the layout however has sufficient space for alterations in the conceptual 
setup).  
 
Terminal facilities  
The terminal requires spacing for offices, workshops, customs and a rail yard. The 
requirements for each facility are based on requirements for similar terminals. The 
layout includes:  

• Office building (2 stories, 800m2) 
• Workshop (1,250m2) 
• Gate area with gate canopy 
• Fuel station 
• RTG wash-down area 
• Leaking container pit 

 
A rail connection will be developed to the new port as well and sufficient space is 
allowed at the back of the terminal for developing a rail yard. The conceptual layout 
allows for a rail yard with 3no of sidings with space for loading with Reach Stackers on 
either side.  
 
Closed storage 
Containers are stored in an open storage yard. Covered storage is therefore not 
foreseen however may be required if multi-purpose or general cargo is handled at the 
terminal. 
 
Customs area 
The requirements for customs checking area are dependent on procedures for import, 
export and transhipment containers. Area is available adjacent the new terminal with 
direct access from/ to the new terminal as well as road access (refer Figure 6-9) 
 
Additional facilities 
Additional facilities could be developed near (and not necessarily within) the new 
terminal. These facilities support the terminals business and could include:  

• Pregate parking near the terminal entrance,  
• Container Freight Station (CFS) for stuffing and stripping containers,  
• Container repair centres,  
• Truck centres,  
• Warehouses and distribution centres, 
• Etcetera. 

 
Some area are available adjacent the terminal (between the existing town and the new 
terminal, available space depending on customs requirements). Additionally land areas 
have been purchased by VISL for port related activities nearby the new port in Vizhinjam 
(see Figure 6-8). It is understood that VISL is in the process of additional land 
acquisitions.  
Royal Haskoning recommends targeting acquisition of strategic areas nearby the port 
and access routes. 
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Figure 6-8: Overview of available areas near terminal (indicative) 
 
 
Summary 
The required dimensions of the container terminal for handling the required throughput 
in phase 1 are 650m x 400m. With the above described layout, a terminal with these 
dimensions has following properties:  

• Storage for laden containers 2,912 TGS 
• Storage for MT containers 1,326 TGS 
• Gate and offices  2 ha 

 
A drawing with details of the conceptual phase 1 layout is provided in Figure 6-9 and 
full-size in Appendix B. 
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Figure 6-9: Overview of the terminal layout 
 
 

6.10 Road and rail upgrades 

Additional road and rail facilities are being prepared for connecting the new port to 
existing infrastructure (refer to section 2.3):  

• Improvement of the current road from the junction with the NH 47 by-pass to 
project site. This improvement will be done by the Government of Kerala (GoK) 
and is planned for completion in January 2011. 

• Extension of the NH 47 Bypass. This extension is undertaken by the National 
Highway Authority of India (NHAI). 

• The road connection from project site to the NH47 Bypass will be undertaken by 
the GoK (see Figure 2-5 point #3 and Figure 2-7) 

• Rail connection from existing Southern Railway Main Line to the port site will be 
undertaken by the GoK. 

 
The new port will be connected to these road and rail extensions. The access road to 
the port is planned parallel to the coast to connect to the port at the south side of phase 
I. The rail yard on the phase I terminal will be connected to the new railway on the north 
end of the port.   
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6.11 Terminal equipment numbers 

The equipment required to smoothly operate a modern and efficient container terminal is 
based on international practices. For the first phase of operations with an expected 
throughput of just over 800,000 TEU, 6 quay cranes are required. Refer to Appendix I 
for a calculation on the berth occupancy of the terminal.  
 
Critical in a container terminal operation are the RTG’s (Rubber Tyred Gantry Cranes). 
The amount of other equipment required on the terminal is based on the number of 
RTG’s that operate based on an analysis of equipment used in leading container 
terminals in the world.  
 
Table 6-17: Terminal equipment required for Phase 1 
Container terminal Equipment  Unit Quantity 
    Gantry Cranes  [#] 6 
    RTG's  [#] 16 
    Terminal Tractors  [#] 30 
    Tractor Trailers  [#] 30 
    Empty Container Handlers  [#] 4 
    Reach Stackers  [#] 2 
 
 

6.12 Mechanical and electrical requirements  

6.12.1 Mechanical requirements 

The new port of Vizhinjam will be equipped with  all-in standard systems that are usually 
grouped under the “Mechanical Services” such as:  
 
• Potable water system  
• Fire fighting system including fire hydrants, and (salt) water fire mains 
• Storm/ surface water drainage 
• Foul water drainage 
 
Some of these systems can be designed such that the area surrounding the port can be 
incorporated into these systems, for instance the drinking water and sewage system.  
 
The port should be connected to the potable water mains of Vizhinjam. British Standard 
67006 suggests that domestic water consumption for office type accommodation is 45 
litres per person per day. The maximum number of staff on the terminal is shown in 
Table 6-18.  
 
The fire fighting system is envisaged to be a saltwater system with seawater intake and 
pump house. It is not anticipated that the port will provide supply of potable water to 
vessels.  
 
 
 
 
 
 

                                                   
6 BS 6700 (Design, installation, testing and maintenance of services supplying water for domestic use 
within buildings and their curtilages –Specification, London, BSI, 2006 with Amendment 1 2009, 24) 
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Table 6-18: Potable water requirement (estimate) 

  Phase 1 Phase 2 Phase 3 

Maximum number of staff in port [no.] 200 350 500 

Potable water requirement  [liter/person/day] 45 45 45 

Number of days per annum [days] 365 365 365 

Annual water requirement [m3/ annum] 3,285 5,749 8,213 

 
Based on the analysis of the potable water requirement, it is advised to allow for a 
potable water connection for the new port with a capacity of at least 10,000m3 per 
annum.  
 

6.12.2 Electrical requirements 

In addition, there are several electrical services needed for the port such as: 
 
• Electrical system consisting of a Main power supply and several sub-stations 
• Lighting towers or masts,  
• Security Systems such as fencing and CCTV cameras 
 
The estimated electric power supply in the port and indicative power demand are 
provided in table Table 6-19. For following phases, similar requirements are expected 
resulting in a total power demand of approximately 10,505 kVA in Phase 1 and 
approximately 35,000 kVA in phase 3.  
 
Table 6-19: Power requirement Phase 1 

Item Description Requirement Diversity  Quantity Installed load Simultaneous  

  [kVA] factor [-] [no] [kVA] Load [kVA] 

1 Ship to Shore Cranes 2,130 0.33 6 12,780 4,260 

2 Reefers 9 0.95 400 3,400 3,230 

3 RTG      

  RTG parking  16 1.00 9 144 144 

4 Internal services  20 0.80 3 60 48 

5 Area Lighting      

  High lighting mast  15 0.00 20 300 0 

6 Low lighting mast 0 0.00 100 20 0 

7 Office building 800 0.70 1 800 560 

8 Workshop 625 0.70 1 625 438 

9 Gates 100 0.20 1 100 20 

10 Fuel Station 10 0.50 1 10 5 

11 Saltwater pump house 500 0.10 1 500 50 

  Subtotal Load        18,739 8,754 

Spare design capacity (20%)     1,751 

Total Load          10,505 
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6.13 Data / Communications Infrastructure 

6.13.1 Connection to State Infrastructure 

It is anticipated that the port will be connected to the national / state communications 
infrastructure utilising fibre-optic cables supporting digital communication services to 
provide a service of suitable bandwidth / speed to service the Port’s requirements. 
 

6.13.2 Port Communications Infrastructure 

It is anticipated that the port development will incorporate a converged data network, 
enabling a wide range of systems and services to be provided over a single system 
using secure VLANS7; 
 

• Clients LAN 
• VOIP8 Telephony 
• Fire And Security systems 

o Fire detection and alarm  
o CCTV over IP 
o Access Control 
o Perimeter security 

Separation of individual systems into VLANs allows a high level of data security to be 
achieved. Further subdivision of the above can be achieved to allow separation / 
segregation of services according to specific user requirements, i.e. 

• LAN – Port Operator 
• LAN – Customs & Excise 
• LAN – Police 
• VOIP – Port Operator 
• VOIP – Customs & Excise 
• VOIP – Police 

 
 

6.14 Security Systems / Services 

Perimeter fence intruder detection systems may be employed to protect the Phase 1 
perimeter fence line against attempted breaches.  
 
Current systems employ proven technology and are established on strategically 
important sites including military, industrial and commercially sensitive facilities. 
The following security systems and services can be used for the new port: 
 

• Perimeter Fence Vibration Detection / Monitoring System - may be employed to 
protect the Phase 1 perimeter fence line against attempted breaches, such 
systems operate on a vibration detection principle 

• Perimeter Fence CCTV System -  comprising high sensitivity colour cameras  
• Digital CCTV Monitoring / Recording - enabling CCTV monitoring / control and 

recording / playback equipment to be established at any location when 
connected to a converged data network.   

 
 

                                                   
7 VLAN - Virtual Local Area Network 
8 VOIP – Voice Over Internet Protocol 
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6.15 Access Control 

Access control systems allow the protection of borders / perimeters personnel and 
assets to be achieved with a high degree of flexibility and integrity. 
 
Access control systems incorporate proximity cards which generally incorporate 
personnel identification systems and allow a range of facilities and functions to be 
provided; 
 

• Control access to secure zones or commercially sensitive areas 
• Allow time and attendance monitoring 
• Allow accurate location / tracking of staff for fire safety / security purposes 

 
 

6.16 Summary of port master plan 

The main dimensions and throughputs of the new port at Vizhinjam are summarised in 
Table 6-20 and Figure 6-10. 
 
Table 6-20: Summary of master plan  

 Description  Phase 1 Phase 2 Phase 3 Optional 

Gateway Container Traffic [TEU] 138,459 392,371 768,904 Additional  

Transhipment container Traffic [TEU] 683,798 1,292,842 2,054,545 cargo handling 

Total [TEU] 822,257 1,685,213 2,823,449 area 

Quay length (cumulative)  [m] 650 1,250 2,000 2,550 

Terminal area (cumulative) [ha] 26 50 80 98 
 



9V7976 R003  Vizhinjam Port PPP - Preliminary Project Plan 
14 October 2010 - 52 - Final Report 

 

 

 

 

 

 

 

Figure 6-10: Overview of container cargo flows and phasing 
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7 ENVIRONMENTAL CONSIDERATIONS 

7.1 General 

The development of a port has an impact on the environment. Key environmental/social 
issues to be taken into consideration in the port design are the transport of rocks from 
the quarry to the port site, the sourcing of sand from the borrow areas for landfill 
purposes, and the potential negative effects on fisheries. Sections 7.3 to 7.5 briefly deal 
with these issues. 
 

7.2 Environmental and Social Impact Assessment (ESIA) 

An ESIA is a tool to develop environmental and social mitigation measures as well as 
potential sustainability options to be incorporated into the design of the new port. As only 
the Scoping Phase of the EIA has been performed so far for this project only a long list 
of options has been developed at this moment, which is included below (Table 7-1). The 
list is intended to provide examples and is not exhaustive as to measures that can be 
taken to address sustainability. It can be concluded that there are many possible 
initiatives for sustainability in this port. In the next phase Royal Haskoning will, in close 
consultation with IFC and VISL, further explore options and select promising concepts 
for possible implementation in the port by the Contractor.  
 
Table 7-1: Possible Environmental and Social Impact mitigation measures 
Sustainability 
Aspect 

Background Options for VISL 

Communities  

 

In order to create and maintain 
balanced and sustainable operations, 
the port must consider its relationship 
with its neighbouring communities.  
Vizhinjam is a densely populated 
area and development of the port has 
the potential to affect these people in 
both a negative and positive manner.  
The following measures are 
recommended: 
 

• A comprehensive social impact 
assessment to allow development and 
implementation of suitable mitigation 
measures. 

• Setup of a system for good 
communication with the local 
communities. A person could be 
designated to liaise with the 
community. This should be done at an 
early stage (i.e. at project preparation 
stage) to allow to take local concerns 
into account. The development 
process should be kept transparent 
and communication lines with the 
surrounding communities should be 
maintained – communities should be 
timely and well informed of the 
development and activities that may 
influence/interest them; 

• Development of the port could be used 
for providing opportunities for 
educational , social, environmental, 
sporting and initiatives in the 
community associated with the port; 

• Development of additional facilities in 
the new port for the community 
facilities which will improve local social 
conditions such as fishery facilities. 

 
Resource 
consumption  

 

The demand for resources is growing 
and the capacity to provide those 
materials is declining. VISL could 
undertake actions to minimise their 
resource consumption. The following 
measures are recommended: 

• An inventory of the planned material in 
combination with identifying potential 
waste streams. This inventory can be 
used to identify opportunities for re-
use. In addition to cost savings this 
enables more insight in the supply 
chain. 
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Sustainability 
Aspect 

Background Options for VISL 

 • Identification of ‘waste’ material from 
this project and other projects nearby. 
“Waste” from one project could be 
used to benefit another project (e.g. 
dredged material could be used for 
reclamation). 

• Introduction of a material management 
system within the port in order to 
calculate Life Cycle Costs and to 
implement Total Cost of Ownership 

• Implementation of a sustainable 
purchasing policy. Additional 
requirements can be defined for port 
users, suppliers and contractors on 
sustainable operations during 
construction and operation phase (e.g. 
sustainable energy and fuel sources  
for vessels, trucks, trains) 

 
Marine and 
Coastal 
Habitat  

 

Marine and Coastal Habitats are 
inherently associated with Vizhinjam 
port and as such, there is significant 
interrelation between port activities 
and the quality of the surrounding 
habitats.  The Marine and Coastal 
Habitats provide wide ranging 
resources and provide important 
ecosystems which support the 
biodiversity of the area.  They are 
also becoming increasingly valuable 
in the eyes of the public and the 
regulatory authorities and therefore it 
is important to manage the activities 
with ecology in mind.  The key 
marine and coastal sensitivities in 
Vizhinjam relate to the fish population 
and the potential for coral species in 
the project area. The following 
measures are recommended: 

• A study into whether enhancement 
measures are possible to improve the 
coastal fishery habitats with knock on 
benefits for the fish population and 
local fishermen. 

• Design of engineering structures 
enhancing re-colonisation of species 
following construction; e.g. create 
breakwaters to be suitable habitat for 
species colonisation. 

• Maintenance of good water quality to 
minimise effects on marine species 

• Monitoring of erosion effects on the 
coastline due to dredging or changes 
in current flow and/ or wave patterns 
caused by port structures. 

• Monitoring of habitats and species 
within the port and surrounding area; 

• Undertaking a ballast water risk 
assessment for the port and 
implement management measure 
accordingly. 

 
Climate 
change  

 

Effort is necessary on two elements 
(adaptation and mitigation) if the port 
is to reduce the potential risks and 
maximise opportunities represented 
by climate change.   
 

• Account for climate change in 
infrastructure design 

• Adaptation action planning e.g. in 
preparation for additional operational 
downtime due to surges / high wind 
speeds / high wave conditions due to 
climate change. 

• Implement an awareness program 
early on in the project to educate staff 
and users, thereby making efficiency a 
key item that everyone contributes to. 

• Carry out carbon auditing (‘foot-
printing’) and implement process 
efficiency improvements and lower 
carbon operation; 

• Develop sustainable buildings (e.g. 
LEED certified); 

• Use of more sustainable transport 
systems (e.g. electric RTGs/Cranes) –  

• Identify sustainable energy and fuel 
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Sustainability 
Aspect 

Background Options for VISL 

sources (e.g. solar / wave / low 
sulphur fuels etc). 

• Monitor sea level rise in the general 
area and determine thresholds for 
action. 

 
Noise & 
Vibration  

 

Disturbance from noise of 
construction activities (from vessels, 
plant and placement of rock) and 
operation (container, vessel and 
vehicle movements) is likely to create 
some disturbance to the shore front 
communities. Furthermore noise 
disturbance may occur associated 
with the transport of rock from the 
quarry to the reclamation site.  
  

• Select hours of operations / rock 
movement to minimise effects of noise 

• Install noise mitigating devices 
(dampeners)  for containers 

• Electrification and automation of 
equipment (RTGs/Cranes etc) 

 

Air Quality 

 

Air pollution is generally a serious 
problem in ports. Local air pollutants 
include fine Particulate Matter (PM), 
Nitrogen Dioxide (NO2) and, to a 
lesser extent, Sulphur Dioxide (SO2). 
These pollutants can lead to 
community complaints and 
respiratory diseases. Main sources 
are marine vessels, cargo-handling 
activities, port related traffic and 
industrial activities. On a regional and 
global level, refrigerants and other 
gases can damage the ozone layer 
and contribute to global warming.  
 
There is a variety of measures that 
can be implemented to reduce the 
effects on the air quality. Some 
example measures suitable for the 
VISL project include: 
 

• Avoiding use of Ozone Depleting 
Substances such as refrigerants or 
insulants; 

• Providing shore based power supply 
(cold ironing) to reduce the use of 
ship’s generators in the port; 

• Selection of environmentally friendly 
equipment and fuels; 

• Identification of sustainable energy 
and fuel sources (e.g. solar / wave / 
low sulphur fuels etc). 

 

Terrestrial 
Habitats  

 

The marine works should have 
limited effect on terrestrial habitats, 
but there are measures that can be 
taken to improve the sustainability of 
the terrestrial environment.  As for all 
aspects, development of a site 
environmental management plan to 
minimise environmental effects of the 
onshore activities should be 
produced and followed.  The 
following measures are 
recommended: 
 

• Planting of native species in areas 
used for temporary access/ work areas 
and areas that are not used for 
operating the port, once construction is 
completed; 

• Creation of “green”, natural area 
between port and existing coast line. 

• Minimise loss of trees to decrease 
effects of run-off; 

• Landscaping of the area to minimise 
visual effects. 

 

Water and 
Sediment 
Quality  

 

The quality of water and sediment 
refers to its physical, chemical and 
biological characteristics. The 
waterside location of port facilities 
means there is potential for water 
and aquatic sediment pollution, which 
results in changes to the water or 
sediment’s natural characteristics. 
Water and sediment quality 
management often stems from 
prevention, however contingency 
planning and remediation can also 

• Controlling and monitoring discharges 
from port industrial areas; 

• Implement good practice measures 
and improved awareness on site, 
especially during construction near 
water; 

• Minimise sediment turbidity plumes by 
carefully selecting dredging 
equipment; 

• Prepare and practice pollution 
contingency plans. 
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Sustainability 
Aspect 

Background Options for VISL 

play an active part; some example 
measures for management of the 
VISL development include: 
 

Coastal and 
Fluvial 
Processes  

 

The hydrodynamic and sedimentary 
processes will change as a result of 
the port development.  The scale of 
change will be dependent on the 
design of the port and the existing 
conditions. The following measures 
can be considered should there be 
adverse impacts as a result of the 
changes: 

• Design of appropriate mitigation 
measures to reduce effects such as 
groynes; 

• Use of maintenance dredged material 
within the sediment cell to maintain the 
supply of material; 

• Monitor the changes and adjust 
management measures where 
possible to reduce any adverse 
effects. 

 
Soil and 
Groundwater 
Water  

 

By ensuring suitable and effective 
management measures are in place 
during port construction and 
operations for hazardous materials, 
future environmental risks, liabilities 
and remediation costs can be 
avoided. For the VISL project these 
include: 
 

• Consideration should be given to 
preventative measures, such as 
secondary containments, during the 
design phase of the development 
project (Implementation of such 
measures in a later stage may be less 
cost efficient); 

• Implementation of a spill response 
system to allow for fast and effective 
remedial actions in the event of a spill 
or incident. This will prevent further 
spreading of contamination and  
increases in costs during clean up; 

• Undertaking training of the 
contingency plan to ensure that all 
those responsible for actions are 
familiar with their tasks’ 

 
Waste 
production  

 

A port development generates waste 
material during construction and 
operation.  The effective disposal of 
such waste can have an impact on 
many features of the port including 
landscape, ecology, health and 
safety and water and sediment 
quality.   

• Investigating means of reducing waste 
production and using biodegradable 
materials as much as possible; 

• Investigating opportunities for waste 
recycling initiatives; 

• Educate port users as to the 
importance of such initiatives; 

• Ensure that adequate reception 
facilities are provided for visiting 
vessels and that the onward disposal 
of the waste is managed to minimise 
the impact. 

 
Health, safety 
and security  

 

Health issues relating to the port 
include the general construction and 
operation of the port.  There are 
many port related activities that carry 
the risk of injury or damage and 
these should be covered by 
appropriate procedures.   
Security can become an issue with 
many ports, particularly is access to 
the port is not controlled 
appropriately. 

• Health and Safety manuals and 
adequate action plans will be 
necessary for the port to cover any 
general procedures which carry a risk 
of injury.  These will require regular 
updating to maintain efficiency;   

• Fencing or other barriers can prevent 
unauthorised access to the port areas.  
Additional measures will be necessary 
for specific areas where, for example, 
fuel storage areas are located; 

• Remote cameras can be used to 
monitor areas out of the general view 
of security personnel for continuous 
monitoring of such areas; 

 



 

Vizhinjam Port PPP - Preliminary Project Plan  9V7976 R003 
Final Report - 57 - 14 October 2010 

 
 
 

7.3 Transport of rocks 

As part of the scoping study an appraisal of the potentially suitable quarries was 
undertaken (refer to Appendix E).  The primary factors affecting the selection of quarries 
for this project are: 

- Distance to the (project site); preferably over sea 
- Size of quarry; 
- Quality of material; and 
- Potential for environmental impact (at quarry and via access/transport routes) 
 

Based on these criteria and the site visits, four suitable (groups of) quarries have been 
shortlisted and these are illustrated in Figure 7-1.  
 
Figure 7-1: Location of selected quarries 
 
Specifically the first and the last criteria are from an environmental/social aspect of 
importance. It should be considered that transport of rocks as needed for the port 
construction is of such a huge volume that regular traffic will completely be frustrated if 
transportation will take place by road all the way to the port. 
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As been discussed during the Scoping Phase marine borrow areas for sand can be 
found within twelve nautical miles from the coastline, related to the port area. Disposal 
sites for dredged materials – if needed – should be found where the water depth is over 
40 to 50 meters.  
 

7.4 Borrow areas of sand 

In the case a site needs to be selected for disposal or dredging for fill material, a three-
stage methodology is required, as follows: 
 

1. Site selection and characterisation study; 
2. Environmental impact assessment; 
3. Monitoring 

 
The principal factors to be considered in selecting and assessing new dredge / disposal 
areas are: 
 

• Characteristics of the material to be dumped or dredged including the presence 
and mobility of contaminants. 

• Location of amenities, protected areas, and other uses of the sea in the area 
• Characteristics of the water-column and the sea-bed at potential sites, 
• Economic and operational feasibility of marine transport of the material to the 

site, 
• Size of the disposal site: large enough to accommodate / generate the 

anticipated volumes  
• Environment or interference with other uses of the sea, but small enough for 

practical monitoring, and 
• Presence of other disposal sites in the vicinity. 

 
Beneficial use (e.g. in landscaping or ecological enhancement) is the preferred disposal 
route for all waste materials from dredging, however, it may be necessary for the 
contractor to investigate the potential for offshore disposal in case suitable beneficial 
use options are not available or are not financially viable.  The financial viability is often 
related to the quality of the dredged material, available space for re-use, contractor’s 
equipment, mobilisation costs of dredging equipment, etc.  
 
 

7.5 Green House Gas Emissions 

The principal greenhouse gases that enter the atmosphere because of human activities 
are described as follows (US EPA, 2010): 
 
Carbon Dioxide (CO2): Carbon dioxide enters the atmosphere through the burning of 
fossil fuels (oil, natural gas, and coal), solid waste, trees and wood products, and also as 
a result of other chemical reactions (e.g., manufacture of cement). Carbon dioxide is 
also removed from the atmosphere (or “sequestered”) when it is absorbed by plants as 
part of the biological carbon cycle. 
 
Methane (CH4): Methane is emitted during the production and transport of coal, natural 
gas, and oil. Methane emissions also result from livestock and other agricultural 
practices and by the decay of organic waste in municipal solid waste landfills. 
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Nitrous Oxide (N2O): Nitrous oxide is emitted during agricultural and industrial 
activities, as well as during combustion of fossil fuels and solid waste. 
 
Fluorinated Gases: Hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride are 
synthetic, powerful greenhouse gases that are emitted from a variety of industrial 
processes. Fluorinated gases are sometimes used as substitutes for ozone-depleting 
substances (i.e., CFCs, HCFCs, and halons). These gases are typically emitted in 
smaller quantities, but because they are potent greenhouse gases, they are sometimes 
referred to as High Global Warming Potential gases (“High GWP gases”). 
 
The maritime transport industry's contribution to global GHG emissions has been 
estimated to be between 1.4 percent and 4.5 percent.  A fraction of those emissions are 
associated with port operations.  The emission sources that are directly controlled by a 
port authority are an even smaller fraction of overall port-related emissions, which also 
include emission sources under control of port tenants (i.e., ships, harbor craft, trucks, 
rail, and cargo handling equipment) (IAPH, 2010).  The main focus for port related GHG 
emissions is typically C02.  
 

Figure 7-2: Port GHG Emissions sources (IAPH, 2010) 
 

Figure 7-2 illustrates the three main inputs to ports GHG emissions. These can be 
summarized as follows:  

Scope 1 - includes all direct GHG emissions from a port’s directly-controlled stationary 
and mobile sources.   

Scope 2 - includes indirect GHG emissions associated with the import and consumption 
of purchased electricity by a port for its directly-controlled sources (i.e., electricity used 
for port-owned buildings and operations).   

Scope 3 accounts for emissions associated with the operation of port tenants.   

Scope 1 and 2 emission categories will likely represent a very small fraction of the port’s 
overall emissions, while Scope 3 emissions associated with port tenants will likely 
account for the vast majority of the port-wide emissions (IAPH, 2010).   
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7.5.1 Green House Gas Emissions at VISL 

As the port design and operation plans are not yet complete, an accurate calculation of 
the GHG emissions cannot be made.  This is because the relative impact depends upon 
a large number of factors, including the number of vessels calling the port, local 
vehicular traffic conditions, relative size of the terminal, model split (rail/barge/road) and 
the age and type of equipment employed (IAPH, 2010).  
 
However, in order to give an estimation of GHGs which may be expected at Vizhinjam, 
we can refer to data from a recent comprehensive study in the Port of Rotterdam, The 
Netherlands (Wilde et al., 2010). The Port of Rotterdam focuses its attention on 
sustainability and has calculated its CO2 footprint. Table 7-2 presents a summary of the 
CO2 emissions for 2008.   At present CO2 is the main green house gas of concern as it 
is typically emitted in greatest volumes, and as such is the one which most consistently 
measured. 
 
Table 7-2: CO2 Emissions Port Of Rotterdam 2008 (Wilde et al, 2010) 
 
Sector CO2 emission 2008 (Mton) 

Energy & Industry 25,0 

Electricity & utilities 12,1 

Chemical industry 2,2 

Refineries 10,2 

Waste  0,8 

Freight 1,3 

Total 51,6 
 
Based on this data, the CO2 emissions of the total port area of Rotterdam can be 
calculated at up to 52 Mtons per year. This is quite substantial, bearing in mind that a 
large coal fired electricity production plant emits 4 to 7 Mtons/year.  
 
However, the Port at Vizhinjam CO2 emission is expected to be considerably smaller 
than the port of Rotterdam.  Studies for the ESIA for Maasvlakte II in The Netherlands 
indicated that container terminals produce on average approximately 0,05 kton 
CO2/hectare(ha)/year (Royal Haskoning, 2007).  As such it can be predicted that based 
on an area of 30 to 35 ha, the Container Port at Vizhinjam will produce around 1.5 and 
1.75kton CO2 per year.  It should be noted that this figure is an estimate and a more 
detailed carbon / GHG footprint assessment would be needed for accurate results. 
 

7.5.2 Green House Gas Emission Reduction at VISL 

The port sector is considered to be a relatively small contributor to the total volume of 
emissions to the atmosphere, although it should nevertheless continue to do its part 
towards reducing greenhouse gas (GHG) emissions generating from its activities 
wherever possible. 
 
Possible measures to reduce GHG emissions include: 
 

- reducing traffic congestion surrounding the port terminal; 
- introducing environmental-friendly cargo-handling machines;  
- providing on-shore (renewable) power supply to ships at berth; 
- introducing renewable source of power to port facilities i.e. solar energy system, 
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wind energy system, tidal power generation and so on;  
- providing green space as a part of carbon sinks and applying a carbon offset 

scheme to port areas; and 
- introducing a planning scheme for reducing GHG emissions, and beginning a 

process of quantification and managing of CO2 footprints (carbon management);  
 
 

7.6 Other issues 

As part of the environmental scoping stage, a consultation with local parties has been 
undertaken. The fishery operations are clearly an issue to be considered during the port 
development as the local population is very dependent on fisheries. There are concerns 
raised about reduction in fisheries due to port development and this issue should be 
adequately addressed during the further design phases of the project. Further studies 
will be undertaken during the following ESIA phases to further support the design by the 
Contractors.  
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8 PRELIMINARY DESIGN DREDGING AND RECLAMATION 

This section describes the dredging and reclamation requirements for the port of 
Vizhinjam. Dredging works are required to lower the seabed for safe navigation and 
berthing of vessels whereas reclamation is required for safe operation of land based 
activities.  
 
 

8.1 Soil classification 

In general the dredged material can be divided into three categories: 
• Superficial Soils: Loose sand, that can be removed by a suction trailer 
• Compacted Sediments: Dense compacted sand & weathered rock that can 

be removed by cutting & suction trailers 
• Hard Rock: Hard rock that has to be removed by blasting 

followed by cutting & suction 
 

Each type requires a different approach for dredging and or reclamation. Generally 
speaking hard material takes more time, effort and is more costly to remove than softer 
materials.  
 
Quality of dredged materials 
In general not all dredged material is suitable for reclamation. The material 
characteristics must suit the load requirements at the reclamation site. In this case the 
dredged superficial and compacted sediments are considered suitable for reclamation 
for the Vizhinjam port development. This is based on the limited information of local soil 
conditions (refer to section 4.5.1).  
 
 

8.2 Cut and Fill Balance 

Considering the amount of dredging and reclamation volume, the following scenarios 
can be distinguished: 

• A balance between cut and fill: All dredged material can be reused for 
reclamation without abundance of material.  

• An abundance of suitable material: Requires dumping of excess dredged 
material at an offshore location, which involves additional costs. 

• Deficiency of suitable material: Requires import of suitable material (at an 
offshore location) to be used for reclaiming the site, again increasing the 
costs.  

 
The last 2 options induce additional cost and time; hence a balance between (suitable) 
cut & fill volumes is therefore desired.  
 

8.2.1 Capital dredging volume 

The dredging volume is depending on the required water depths for safe navigation and 
berthing of the design vessels.  
 
The depth of the approach channel and turning circle is depending on the design vessel. 
As described in paragraph 6.4, the port is designed to accommodate the largest vessels 
on the market today: the E-class Container carriers with a draught of 16 m (12,500 TEU 
capacity).  
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However, in order to reduce the initial investment, the approach channel and turning 
circle are designed for a slightly smaller vessel for the initial phase I development; 9000 
TEU vessel with a draught of 14,5 m. 
 
An overview of the associated required dredging volumes in relation to the 2 design 
vessels is presented in Table 8-1 below. 
 
Table 8-1: Dredging requirements for the design vessel  
Design Vessel Phase I - initial Phase I - deepened 
Draught 14.5 [m] 16.0 [m] 
Capacity 9.000 [TEU] 12.500 [TEU] 
Area Level to Chart Datum (CD) in [m] 
Outer Approach Channel -19.0 -20.3 
Turning Circle -16.0 -17.5 
Port Basins -16.0 -17.5 
Required Dredging Volume Mio m3 Mio m3 
Required volume Dredging 2.4  3.9  
 
The dredging volumes are determined on the basis of two depth contour maps: one with 
Superficial Soils and a second with compacted sediments (refer to section 2.2).  
 
The superficial soils are on top of the compacted sediments as shown in the figure 
below.  

 
Figure 8-1: Overview of the relations between different types of material 
 
Each contour map is overlaid by a grid and divided into sections. For each section the 
surface area and the required dredging depth is determined. The required dredging 
depth is equal to the design depth minus the average charted depth of the soil. 
Multiplying the surface area with the required dredging depth for a particular section 
gives the dredging volume of a soil type. The sum of all sections results in the total 
dredging volume for each of the two soil conditions. 
 

8.2.2 Reclamation  

The new port of Vizhinjam will be constructed on reclaimed land in front of the existing 
coastline south of the existing fishery port. The preliminary reclamation level is at + 5.0m 
CD (refer to 10.1.2). For the reclamation, large volumes of good quality material are 
required.   
 

Superficial Soils 

Compacted Sediments 

Water level 

Water 

Air 

Superficial Soil Depth 

Compacted Sediment Depth 

Port Design Depth 

Required 

dredging 

depth 
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8.2.3 Balance of cut and fill 

The calculated dredging & reclamation quantities are indicated in Table 8-2Error! 
Reference source not found..  
 
Table 8-2: Dredging & Reclamation Volumes 
Dredging & Reclamation volumes [x’000 m3] Phase I Phase II Phase III Cumulative 

Total  
Reclamation Volume 
required 3,321 4,288 5,285 12,894 
Superficial soils  1,951 200 164 2,315 

Compacted sediments 820 200 164 1,184 

Port Basins Hard rock  0 0 40 40 

Under Quay  
(based on deck on 
piles)  408 377 471 1,256 

Container Terminal Scour protection  142 131 164 437 

Total  
Dredging from 
Channel and Basin 3,321 908 1,003 5,232 

Balance / Borrow 
material Superficial soils  0 3,380 4,282 7,662 

 
 
The following can be concluded: 
 

• There is no rock dredging foreseen for Phase I, only small quantities in Phase 3.  
• The majority of dredging works concerns Superficial Soils.  
• The Cut & Fill balance of Phase I is neutral and requires no offshore sand 

borrow area. There is however still a small shortage of material for reclamation. 
These volumes are sourced from within the Port basin itself. This approach will 
locally deepen parts of the port basins beyond design depth. 

• The volume of the Cut & Fill material is not in balance for Phase II & III. 
Additional dredging at an offshore area is required. 

 
8.2.4 Maintenance Dredging 

For the evaluation of the required level of maintenance dredging, a number of issues are 
important. A brief evaluation is included here. Please refer to paragraph 3.8 and 
Appendix J on the coastal processes around Vizhinjam, and the expected effect of the 
construction of a port, for a more detailed investigation of the coastal processes. 
 
It is expected that for the port of Vizhinjam the volume of material that needs to be 
dredged to maintain the approach channel at a sufficient depth will be rather small for 
the following reasons: 
 
• The initial dredging volume of is modest. In addition the majority of this volume is for 

the deepening of the basin and turning circle, and thus inside the port area 
• Transport by wind induced waves will be limited while the dominant wave direction 

is westerly during the monsoon, and easterly during the rest of the year. The 
westerly waves are blocked by the breakwater, while the easterly waves are coming 
from land.  

• Littoral transport of sand is blocked either by the main breakwater or the southern 
breakwater, that both extend far beyond the surf zone. If siltation is to take place 
this will be close to the coastline, and it will take considerable time to reach the 
approach channel located some 400 m offshore. 
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• Soil information available at the moment indicates a rocky profile, with pockets of 
compacted soils, so not a lot of material in the area will easily come into 
suspension. 

 
 

8.3 Construction works 

8.3.1 Equipment 

The estimated dredging & reclamation volumes are substantial. Two type of vessel have 
been identified that are able to dredge these quantities within a reasonable timeframe. 
These are: 
 

• Trailing Suction Hopper Dredger (TSHD):   For Superficial Soils 
• Cutter Suction Dredging (CSD):  For Compacted Sediments 

 
 
Trailing Suction Hopper Dredger (TSHD) 
A TSHD is a self propelled vessel with hoppers inside the hull. The hoppers are large 
storage bins for the dredged material. 
At slow sailing speed the material is 
dredged via an articulated drag arm 
which trails across the seabed. The 
sand is scrapped of the seabed and 
transported through the nozzle and 
drag arm into the onboard hopper 
tanks. The vessel main distinctions 
are maximum operating depth, suction 
power and hopper capacity. 
 
The reclaimed sand is disposed from 
the hopper via the bottom doors. 
Another discharge option is via onboard pumps through (floating) discharge pipes to 
shore site or “rainbowed” directly on the reclamation site. 
 
The TSHD can only dredge superficial soils like sand. 
. 
Cutter Suction Dredging (CSD) 
Harder materials such as compacted sediments 
and hard rock cannot be dredged with a TSHD. 
Instead a CSD is used. This type has a rotating 
mechanical cutter at the head of the suction pipe 
to disaggregate the seabed before suction to the 
surface. The suction arm with cutter head 
dredges the seabed in a stationary mode. The 
dredged material can be disposed in two ways: 

• Material is disposed into hopper vessels 
which are moored alongside the CSD. 
The hopper vessel disposes the material 
offshore via bottom doors.  

• Material is disposed by floating hoses 
and pumped to the disposal site. 

 

Figure 8-2: Trailing Suction Hopper Dredger 

 

Figure 8-3: Cutting Suction head 
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The tear and wear on the cutter teeth is severe and requires frequent maintenance.  The 
CSD can handle both superficial soils, compacted sediments and rock. Hard rock 
requires pre treatment before dredging (e.g. blasting or drilling). 
 
Support Equipment 
The dredging vessels are supported with equipment like: 
 

• Barges:  For transport of dredged materials in case of CSD 
• Tugs:   For moving the barges 
• (Floating) pipes: For transport of dredged material to reclamation site 
• Booster station:  Additional pumping capacity for the pipers. 
• Bulldozers:  For replacing sand at reclamation site 
• Launch:  Transport of crew & Supplies 

8.4 Optimisation of costs 

There are several options to dredge the identified volumes. The type and size of vessel 
have a large impact on the cost per cubic meter and the project lead-time. A variation of 
above parameters is undertaken to identify the most suitable dredging operation. The 
assumptions and results are discussed in this section. 
 

8.4.1 Operational Considerations 

Operational window 
High waves can halt the dredging operations temporarily to prevent slamming of the 
suction pipe onto the seabed. The slamming can cause severe damage to the dredging 
equipment. The local wave heights are severe and it’s therefore considered difficult to 
dredge outside protected waters, especially during the monsoon Therefore it’s 
recommended that the breakwater should be constructed before dredging operations 
start. Dumping of the sand is not a problem in high waves.  
 
Removal of Hard Rock (rock outcrops) 
The estimated dredging quantities are based on the assumption that the hard rock 
bottom lies mainly below the required dredging depth. Only the removal of a few rock 
formations in Phase III is foreseen. These rock volumes are however not substantial.   
 
Because of the limited soil information, there is however a possibility that the seabed 
contains hard rock above the dredging level. Dredging of this hard rock is difficult, but 
can be achieved by impact crushing, surface blasting or borehole blasting. Blasting has 
a severe impact on the implementation scheduled and cost.  The schedule needs to be 
changed to prevent any damage to the breakwater because the blasting might trigger 
the shifting of the core of the breakwater. Therefore if rock is present in the basin and 
channel area the blasting should precede the breakwater construction. After completion 
of the breakwater, the dredging of blasted rock material can start.  
 
This approach would seriously delay the implementation schedule and incorporate 
severe additional cost. Rock blasting is however NOT considered at the moment. 
 

8.4.2 Operating Costs & Productivity 

The vessel operating cost & productivity are estimated for the two different types of 
vessels and its associated support equipment.  
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Operating Cost 
The costs are based on the international CIRIA guidelines9 for costing and are build-up 
from the following elements: 

• Mobilisation Cost 
• Maintenance & Repair 
• Labour 
• Depreciation & Interest 
• Insurance 
• Fuel & Lubricants:   

The cost are expressed in US$ per week and are based on international standards 
because this large scale dredging equipment is mainly available on a global scale. 
 
The mobilisation costs are determined by estimating the time of mobilisation times the 
costs of the considered vessel in this time. The time of mobilisation is determined by 
assuming the average distance of dredging equipment from the site and taking the 
average sailing speeds of the vessels into account. 
 
Productivity 
The productivity of a vessel depends on various parameters, examples are: 

• Soil characteristics of dredged material 
• Onboard pumping/suction capacity 
• Hopper storage capacity 
• Working hours 
• Distance to sand borrow site 
• Cycle time (mooring, dredging, sailing, dumping, etc) 
• Downtime (equipment failure/weather) 
• Number of suction pipes 

 
The assumed productivities rates used in this study are based on actual achieved 
productivity rates in dredging projects worldwide. The used productivity rates vary per 
soil type and installed power on the cutter head. The CSD vessels are divided into three 
classes. Class I having the largest installed cutter power (>6,000kW) and Class III the 
smallest installed cutter power (2,000-4,000kW). A larger cutter head has a higher 
productivity and is able to handle harder types of soils. The productivity is expressed in 
cubic meters per week.  
 
Dredging Cost and Productivity Model 
A model has been setup to formulate the operating cost and productivity for the above-
mentioned variables. Using this model the dredging and reclamation activities can be 
analysed and optimised. With this approach we were able to gain a good understanding 
of the main driving cost & time parameters for this particular site. 
 
 

8.4.3 Scenario’s 

In the port basin the compacted sediments must be dredged with a CSD whereas the 
Superficial Soils can be dredged by either a CSD or a TSHD. Although being more 
versatile, the CSD has higher operating costs compared to a TSHD.  
 
The logic would then be to dredge the Superficial Soils in the basin with a TSHD and the 
Compacted Sediments with a CSD. The hopper head however can be damaged if it 

                                                   
9 A guide to cost standards for dredging equipment, CIRIA C684 - London, 2009 
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unexpectedly encounters weathered rock or hard rock layers in the basin. A CSD will be 
able to handle all the soils without any risks of damage or delays. Therefore it is 
preferred to dredge the basin using a CSD.  
 
For a deficit of reclamation material there are two options: 

• Sourcing of reclamation material by additional dredging in the basin by a CSD 
• Sourcing of reclamation material by a TSHD at a marine borrow area 

The Dredging Cost & Productivity model is used to find an optimum in the use of these 
two dredging vessels with different costs.  Various scenarios have been investigated 
with the following variation of variables: 

• Soil type 
• Vessel Type 
• Vessel Classes 
• Sand Borrow location (offshore or in port basin) 

 
Two of the scenario results are discussed in more detail: 
 

• Scenario A: Dredging of the basin and channel with a Class II CSD (4,000-
6,000 kW power on cutter head) in combination with a TSHD for additional 
fill from the sand borrow site 

• Scenario B: Dredging of the basin and channel with a Class II CSD, and 
sourcing of additional fill from the port basin using the same CSD. 

 
Other scenarios have been evaluated, but not discussed in detail in this section. The 
results for scenario A & B are shown in the two schematic diagrams below: 
 

Dredging of port basin 

By Cutter Suction Dredger
Reclamation of 

area
pumping, 

redistribution 
and compacting 

of material

Scenario A

Dredging of deficit 
at marine borrow area

By Trailer Hopper Suction 
Dredger 

Transport by floating hose

Sailing of Hopper

Dredging of port basin 

By Cutter Suction Dredger
Reclamation of 

area
pumping, 

redistribution 
and compacting 

of material

Scenario B

Dredging of deficit 
at port basin

By Cutter Suction Dredger 

Transport by floating hose

1.54 Million m3 of superficial soil
@ 11.20 US$/m3

0.91 Million m3 of compacted material
@ 21.00 US$/m3

0.85 Million m3 from marine borrow area
@ 7.60 US$/m3

Total US$ 42.82 Mio

Minimum Duration 12 weeks

No compensation for fishing men 
included

2.25 Million m3 of superficial soil
@ 11.00 US$/m3

1.07 Million m3 of compacted material
@ 20.80 US$/m3

Total US$ 47.0 Mio

Minimum Duration 18 weeks

When using the smallest CSD class:

Total US$ 45.1 Mio

Minimum duration 24 weeks

Avg. 2 km

Avg. 5 km

Avg. 2 km

 

 
Figure 8-4 Dredging scenarios 
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It can be concluded from the figure above that the use of an additional TSHD for the 
material deficit results in a little bit lower total dredging and reclamation cost. However 
this scenario requires the use of a marine borrow area which may have larger financial 
and time risks: 

• Dredging sand from a sand borrow area will interfere with the local fishing 
activities and therefore might have an impact on the local fishermen 
community and may require compensation of the fishermen. 

• Marine sand borrows for reclamation purposes require a permit. It is 
understood that with support of the Government of Kerala requiring such 
permits is not expected to be an issue. . 

• Marine sand borrow requires an Environmental Impact Assessment (EIA) of 
the dredging operation. Sufficient time should therefore be allocated in the 
implementation schedule to execute such an EIA 

 
8.4.4 Conclusion 

Scenario B is recommended as the best option for dredging and reclamation taking into 
account the calculated cost, time, risks and other qualitative considerations. 
 
Risks 
It must be emphasised that the optimisation is prepared on the basis of limited soil 
information. It’s assumed that the seabed contains no hard rock. A more detailed future 
soil investigation might indicate hard rock in the seabed. This has a significant impact on 
the dredging cost and construction lead time. The dredging cost are now in the range of 
10-20 US$ per cubic meter. Dredging of rock including pre-treatment will results in an 
unit rate above 100 US$ per cubic meter. 
 
If large quantities of rock are found in the area, the increase in dredging costs might 
require a re-evaluation of the proposed port layout in order to avoid the dredging of large 
volumes of rock. To limit rock dredging costs, the port could be located more offshore at 
greater water depths to avoid rock dredging. This solution prevents rock dredging but it 
induces additional costs for the construction of the breakwater at deeper depth, and an 
increase in the reclamation volume. 
 
In any case, the presence of hard rock will have a substantial impact on the CAPEX, 
and might have an effect on the overall implementation schedule. 
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9 PRELIMINARY DESIGN BREAKWATER AND REVETMENTS 

9.1 Introduction 

This section focuses on the preliminary design of the breakwaters and the revetments 
that are required underneath the deck-on piles quay structure (refer to chapter 1) 
 
The breakwater layout is discussed in section 6.5, and provided for clarity below in 
Figure 9-1. The design for the breakwater included in this section is made for phase 1 
development only. Phase 2 does not require the construction of additional breakwater 
length, however in phase 3 the southern revetment needs relocation and lengthening of 
the northern breakwater.  

Figure 9-1: Overview of the breakwaters required for the new port of Vizhinjam 
 
For design purposes the breakwater is divided into several subsections with different 
operational or design criteria. An overview of these sections in provided in Figure 9-2 
below. 
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Figure 9-2: Overview of the sections  
 
 

9.2 Breakwater elements 

The design of a breakwater focuses on the following items (refer to Figure 9-3): 
• Core – the “body” of the breakwater, usually made out of sand 
• Filter layer – that prevents the sand in the core of the breakwater from getting 

washed out, while at the same time allowing the water to pass through 
• Primary & Secondary Armour layer – providing protection to the breakwater from 

wave attack. This layer can made out of rock or concrete 
• Crest – top of the breakwater, sometimes wide enough to allow traffic on top of it 

during construction or for maintenance. or port traffic access 
• Toe – is a protection at the bottom of the breakwater to provide stability to the 

structure.  
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Figure 9-3: Typical elements of a breakwater  
 
 

9.3 Design criteria and conditions 

9.3.1 Operational Requirements 

The operational requirements for the breakwaters are: 
• North Breakwater 

o The breakwater structure is sheltering the port from dominant wave 
sectors. 

o Road access is not required on the trunk or head section of the 
structure.  

o No operations to be undertaken directly behind the crest, except for the 
section close to shore where the terminal is located behind the 
breakwater. 

• South Breakwater 
o Limit (the reflection of) waves passing the entrance channel and port. 
o Access to the breakwater is not required. 
o No operations to be undertaken immediately behind the crest.  

 
The breakwaters will be of the rubble mound type (refer to R002 Initial concept plan). 
The rubble mound breakwater is selected because it is considered economical, 
straightforward to construct and repair, and it minimises wave reflections in the port.  
 
 

9.3.2 Design Life and Standard 

The design life and standard for the breakwaters are: 
• Design life = 50 years; the construction must retain its functionality for at least 50 

years 
• Design standard = 100 years; for extreme climate conditions such as wave 

heights, wind speeds, rail etc, the statistical return period is taken as 1: 100 
years. 

 
 

Toe 

Secondary Armour 

Primary Armour 

Filter 

Core 

Crest 
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9.3.3 Wave Overtopping 

Limits on wave overtopping are determined by use of crest and operations to the lee of 
the structure and/or stability of crest and rear slope armour. Following criteria are 
applied for the design:  

• Overtopping is limited by the stability of the crest and the rear slope armour 
under extreme conditions.  
Extreme Limit (100 year) =  50l/s/m 

• Overtopping close to shore is also limited by the activities that will take place 
behind the breakwater on the terminal but this is not considered in the port 
design at this stage in the design as no facilities are planned here. 

•  
9.3.4 Environmental Conditions  

Water Levels 
 
A summary of the design water levels at the Vizhinjam Port is provided in Table 9-1. 
 
Table 9-1: Tidal data 
Description Levels 
 (m CD) 
HHWS Highest High Water Spring 1.01 
MHHW Mean Highest High Water 0.84 
MLHW Mean Lowest High Water 0.66 
MHLW Mean High Low Water 0.43 
MLLW Mean Lowest Low Water  0.26 
LLWS Lowest Low Water Spring 0.08 
[Source: L&T Ramboll] 
 
The extreme design water level is taken as +3.0m CD, assuming a storm surge of +2m 
above HHWS during storm.  
 
Design Wave Conditions 
The near shore wave conditions are described in section 3.7. This analysis results in a 1 
in 100 year design wave for both the northern and southern breakwater and the 
revetment which is located under the deck on piles. All are presented in Table 9-2 
below: 
 
Table 9-2:  100 Year Return Period Wave Conditions 

Structure 1 in 100 year return period 
 Hs (m) Tp (s) 
Northern Breakwater – Head and trunk (19m) 6.30 16.5 
Northern Breakwater – Trunk (14m) 5.40 16.5 
Southern Breakwater – Head and trunk  5.43 16.5 
Revetment underneath deck on piles 1.81 16.5 
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9.3.5 Design Codes and Standards 

The principle Design codes used in various elements of the design are referred below. 
 

• CIRIA C683 – The Rock Manual – The use of Rock in Hydraulic Engineering (2nd 
Edition), 2007 

• CIRIA/CUR Special Report – Manual on the Use of Rock in Coastal and 
Shoreline Engineering, 1991 

• CEM – Coastal Engineering Manual, US Army Corps of Engineers, 2002 
• SPM – Shore Protection Manual, US Army Corps of Engineers, 1984 
• EurOtop – Wave Overtopping of Sea Defences and Related Structures: 

Assessment Manual, 2007. 
 
 

9.4 Selection of Armour units 

9.4.1 Rock Armour 

Rock is generally the most economical armour for a breakwater if it is readily available 
from the local quarries. However, rock armour units would not be practicable in this case 
due to the large design waves that are expected. This would require either: 

• enormous rocks which are not widely available, uneconomical and very difficult 
to handle.  

• a very gentle slope, resulting in a structure with an excessively wide ‘footprint’ 
which could interfere with navigation, particularly at the roundheads. Also a 
gentle slope would require (much) more core material which, taking into account 
the local water depth this is considered undesirable. 

 
The use of rock as armour layer is, therefore, considered not appropriate for the 
breakwater in Vizhinjam Port. 
 
 

9.4.2 Concrete Units 

Concrete units have been used for over 50 years for the construction and repair of 
breakwaters and there are in excess of 30 different units available. These fall into two 
main categories: 
 

• The first type, including cubes, modified cubes and ANTIFER units, rely primarily 
on weight for stability and effectively mimic the behaviour of rock.  

• The second type, including Tetrapod, Accropode and Core-Loc, instead relies on 
an interlocking concept to achieve stability. Thus the size and weight of the units 
can be reduced.  
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Tetrapod Core-Loc Accropode 
Figure 9-4: Interlock Reliant Concrete Units 
 
The design has been prepared using Core-Loc units. This type has been selected since 
they require a minimum amount of concrete and are therefore cost effective. In following 
design stages, other units could also be considered. 
 
It is to be noted that these units need to be accurately placed to ensure good 
interlocking and stability under wave attack. The swell wave conditions that occur during 
the Monsoon period may make the accurate placement of the armour units difficult and 
placement should not be carried out in the Monsoon season. 
 
 

9.5 Design of the breakwaters 

9.5.1 Introduction 

The design wave data used to determine the armour sizes, crest levels and toe levels 
for the north and south breakwater are given in Table 9-3.  
 
Table 9-3 North Breakwater Design Wave Conditions (1 in 100 years) 

Structure Significant Wave 
Height Hs(m) 

Wave period  
Tm(s) 

Wave Direction  
Dir (deg N) 

Northern Breakwater  

Trunk 14 m 5.4 16.5 180-210  
Trunk 19 m 6.3 16.5 180 
Head 19 m 6.3 16.5 180-210 

 
Table 9-4 South Breakwater Design Wave Conditions (1 in 100 years) 

Structure Significant Wave 
Height Hs(m) 

Wave period  
Tm(s) 

Wave Direction  
Dir (deg N) 

Southern Breakwater  

Head 5.4 16.5 180 
Trunk  5.4 16.5 180 

 
 

9.5.2 Primary Armour Sizes  

Northern and southern breakwater 
 
A slope gradient of 1 in 1.5 (V:H) is applied for the breakwater design, instead of a 
steeper 3 in 4 slope since the breakwater is located in a seismic area. The size of Core-
Loc units required on the breakwaters has been determined using Hudson’s Equation 
(Delft Hydraulics, 1987) and the CORE-LOCTM design table. The design table makes 
use of pre-scribed standard size units, to limit the number of casting formwork needed 
as well as the need to make customized formwork.  
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The proposed CORE-LOCTM armour unit sizes for the north and south breakwater are 
summarised in Table 9-5 and Table 9-6 respectively. The proposed armour unit sizes 
are based on concrete density of 2,350kg/m3 and sea water density of 1,025 kg/m3. 
 
Table 9-5  Armour Unit Sizes for North Breakwater  

 Unit weight  
  W ( tonne) 

Unit volume  
   V  (m3) 

Unit height 
  C  (m) 

Armour thickness    
        t  (m) 

Trunk (15 m) 9.4 3.9 2.60 2.40 
Trunk (18 m) 14.9 6.2 3.04 2.80 
Head (18 m) 20.4 8.5 3.35 3.11 

 
Table 9-6  Armour Unit Sizes for South Breakwater  

 Unit weight  
  W ( tonne) 

Unit volume  
   V  (m3) 

Unit height 
  C  (m) 

Armour thickness    
        t  (m) 

Trunk  4.8 3.9 2.60 2.40 
Round head 9.4 6.2 3.04 2.80 

 
 
9.5.3 Filter Layer and core 

Northern and southern breakwater 
For filter layer and core the average weight is related to the unit weight of the armour. 
The weight can be estimated as 1/7th up to 1/15th of the unit weight for the filter layer and 
1/200th to 1/4000th of the unit weight of armour unit for the core of the breakwater. The 
proposed material for filter layer and core is given in Table 9-7 for the north breakwater 
and in Table 9-8 for the south breakwater.  
 
Table 9-7:  Filter Layer and Core - North Breakwater  

                     Filter layer  
Rock grading  Thickness 

           Core 
     (Quarry run)  

Trunk (14m water depth) 0.5-1T 1.3m 1-500Kg 
Trunk (18m water depth) 1-3T   1.8m 1-500Kg 
Head (18m water depth) 1-3T 1.8m 1-500Kg 

 
Table 9-8  Filter Layer and Core - South Breakwater 

                     Filter layer  
Rock grading Thickness 

           Core 
     (Quarry run) 

Trunk  0.5-1T 1.3m 1-500Kg 
Round head 0.5-1T 1.3m 1-500Kg 

 
9.5.4 Crest Details 

The width of the crest depends on the operational requirements, which would require a 
crest width of minimum about 8m, to allow trucks moving up and down the breakwater 
and to supply rock. Furthermore the crest width is determined by the fact that a number 
of whole CORE-LOC™ units will have to fit on the crest. The crest width is therefore 
determined by 3.6 or 4.5 times the unit height which corresponds to 4 respectively 5 
units, and differs per cross section (refer to Appendix D). 
 
The crest level of the breakwater has been determined based on maximum overtopping 
and transmission rates during the 1/100 year event. Under these conditions overtopping 
is limited to 50l/s/m so that damage will not occur to the crest and back slope armour. 
The overtopping rate calculation is based on the method in the EurOtop Manual. 
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Northern breakwater 
For the northern breakwater, the construction also has requirement on the level of the 
crest, particularly because works (partially) are to be undertaken from the crest of the 
rubble mound. Considering the exposed condition of the site, in this case the minimum 
level of core for the northern breakwater has been assumed as MHHW +3m CD (Rock 
Manual, 2007), where MHHW is +0.84m CD. Therefore, the minimum crest levels are 
defined by: 
 
Crest height = MHHW + minimum over-height for waves + thickness under layer + 
thickness core-loc layer. 
 
This gives the following minimum crest heights for the different sections along the 
northern breakwater: 

• Trunk (14m water depth):   0.84m +3m +1.3m +2.40m = +7.54m CD. 
• Trunk (18m water depth):   0.84m +3m +1.8m +2.80m = +8.44m CD. 
• Round head (18m water depth):  0.84m +3m +1.8m +3.11m = +8.75m CD. 

 
Based on the design methodology mentioned above, the crest design adopted for these 
sections along the northern breakwater is: 

• Crest level at +8.1m CD for the section in water depth 15m or less. Note that this 
crest height is 0.5m higher than based purely on the requirement for 
constructability. This is decided because of the possibility of terminal area 
directly behind the crest for this section which would require a more strict 
overtopping restriction. This could be dealt with by a concrete wall or wider or 
higher crest, but in this conceptual stage it is chosen to adopt +0.5m higher crest 
for this reason and should be investigated further in next design phases. 

• Crest level at +9.0m CD for the rest part of breakwater (trunk and round head). 
 
 
Southern breakwater 
 
The same methodology is followed for the southern breakwater. However, it is assumed 
the southern breakwater will only be built when the northern breakwater is mostly in 
place as this will highly limit the wave disturbance for other construction activities. The 
extra height of the core above MHHW is therefore taken half of the height taken for the 
northern breakwater (1.5m). The crest level for the southern breakwater is taken at:  
 
Crest height = MHHW + minimum over height due to waves + thickness under layer + 
thickness core-loc layer.  
 
This gives the following minimum crest heights: 

• Trunk and round head:   0.84m +1.5m +2.8m +1.3m = 6.44m CD.  
 
The crest for the whole southern breakwater will be at a height of +6.5 m CD. 
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9.5.5 Toe Details 

Northern and southern breakwater 
 
Usually, toe level is kept low to reduce the damage caused by wave impact. In this work, 
the toe armour stability is checked by the method developed by J.S.Van Der Meer (Rock 
Manual, 2007).  

 
It should be noted that the toe level also has to meet the armour unit placing 
requirement. For Core-Loc it is suggested that the number of rows does not exceed 20. 
This requirement could limit the toe depth. For the deepest cross section for this design 
the number of rows is considered acceptable. 

For the scour protection length, it is estimated that 0.45(
4

length  wavenearshore
) wide 

scour hole will be resulting at the breakwater (according to Sumer et all, 2000), where 
the nearshore wave length is estimated at 170m in this work. Therefore, a 20m long toe 
protection is taken in toe design.  
 

9.5.6 Summary  

Four types of cross-section are used in north breakwater, which is summarised as (also 
refer to drawing Figure 9-5, and Appendix D): 
 

• Cross-section N1-N1 is applied for the section in water depth below 14m; 
• Cross-section N2-N2 is applied for the section starting from the 14m water depth 

all around the bend in the northern breakwater; 
• Cross-section N3-N3 is applied for the straight part of breakwater trunk located 

in a local water depth of 18 m; 
• Cross-section N4-N4 is for the round head at a water depth of 18 m. 

 
Two types of cross-sections are used in the design of the southern breakwater: 

• Cross-section S1-S1 is designed for the trunk of the southern breakwater; 
• Cross-section S2-S2 is designed for the head of the southern breakwater. 

 
 

Figure 9-5: Impression of a cross section of the breakwater 
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9.6 Revetment design 

9.6.1 Rock Armour 

It has been assessed whether water flow from ship’s bow thrusters might impose a 
greater load on the revetment’s armour layer then waves but this load appeared 
relatively small. 
 
A slope of 1 in 1.75 (Vertical/Horizontal) gradient is applied for the revetment design as 
this fits typically well underneath the deck on piles as can be seen in the Figure in 
Appendix C.  
 
The required weight of the primary rock armour is determined with van der Meer’s 
formula for the stability of rouble mound rock structures. The damage parameter used is 
S = 2, a commonly used value which reflects minor damage under design wave 
conditions. 
 
Using van der Meer’s formula the required rock weight is determined for the revetment 
and shown in Table 9-5. 
 
Table 9-9 Rock Armour Revetment  

 Average rock armour 
weight  
W50 (kg) 

Rock armour 
class (kg) 

Rock Armour 
thickness (m) 

Revetment 700 500-1000 1.30 
 
The crest of the revetment allows for 3 stone wide of 500-1000 kg rock grade. 
 

9.6.2 Core 

The core of the revetment is made out of quarry run and no filter layer is required in 
between the rock armour and the core.  
 
The landward side of the revetment is covered with a Geotextile material or stone filter 
to prevent the small particles from the backfill from entering the core of the revetment, 
thus causing unwanted settlement behind the revetment.  
 
 

9.7 Scour protection design 

Scour protection is designed in front of the quay as it is to be expected that the bottom 
surface that remains after dredging the local sea bottom to desired water depth will 
consist of small particles which would not be stable under influence of the water flow 
created by a ship’s propeller.  
 
To design the scour protection use is made of equation 4.191 in the Rock Manual 2007 
and PIANC guidelines on the design of scour protection.  
 
The design vessel assumed is the Variant 1 - Emma Maersk (refer 6.2), which has the 
following characteristics relevant for the design of the scour protection presented in 
Table 9-10. 
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Table 9-10  Ship characteristics  
Ship - Emma Maersk  

Breadth  56.00m 
Engine Power 80 800Kw 
Propeller Diameter 9.60m 
Type of screw Non-ducted 
Draft  16.00m 
  
Other parameters  
Density of water 1025kg/m3 
Percentage of total power applied * 13% 
Type of jet (confined / un-confined) Un-confined 

 
From PIANC10 it is taken that maximum 13% of the total available engine power is used 
in take-off mooring operations. 
 
Scour protection 
The scour protection used will consist of a 1m thick layer which is made up from a 
Geotextile material or stone filter, covered by 10-60kg rock grading which is then 
covered by 60-300kg rock grading. The Geotextile acts to prevent small particles on the 
sea bottom from being washed out through the rock gradings above it, which would 
cause scour. 
Depth of scour protection 
The top of the scour protection consists of 60-300kg rock. This rock should be able to 
resist the forces created by the water jet originating from the ship’s propeller. To this end 
the depth to which this upper layer can be applied is determined with equation 4.191 
from the Rock Manual 2007. 
 
It appears from the boundary conditions presented above that the top of the scour 
protection should be -19.5m. 
 
Width of scour protection 
Considering that the water jet created by the propeller is located in the middle of the 
ship, the scour protection only needs to be applied from the quay itself to a certain 
distance past the middle of the ship. From PIANC it is taken that the width over which 
the scour protection should be applied is equivalent to 4*Propeller diameter+4m = 
approximately 44m. 
 
The thus designed scour protection is presented below in Figure 9-6and in Appendix D. 

 
Figure 9-6: Cross section of the proposed scour protection 

                                                   
10 Permanent International Commission for Navigation Congresses; an international body 
establishing design guidelines for the maritime industry 
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10 PRELIMINARY DESIGN QUAY WALL 

10.1 General 

This section describes the analysis done on the type of quay wall structure required for 
the port of Vizhinjam. The concept designs presented here are based on limited 
information, especially geotechnical information. Therefore, where required, 
assumptions are made for the design of the quay walls. These assumptions are based 
on comparable projects and engineering judgement. An overview of the assumptions is 
presented in Appendix K. 
 
Additional Geotechnical Soil Investigation is required to assure that these assumptions 
are indeed valid. If however the results indicate that the soil conditions are much 
different then expected, this will of course have a significant impact on the type of quay 
wall structure to be constructed and consequently on the associated costs.  
 

10.1.1 Design Criteria 

The quay wall will form the waterfront edge of the new container and bulk terminal. The 
terminal is designed to cater for the latest generation of container vessels with design 
parameters as shown in Table 10-1 below. 
 
Design parameter Unit Amount 
Vessel Draught m 16.0 
Vessel Capacity TEU 14.000 
Quay Length m 650 
Quay minimum depth m CD -17.5 
Ground level M CD +5 
Retaining height m 22.5 
Table 10-1: Summary of design parameters for the Quay Wall 
 
 

10.1.2 Deck level 

The recommended initial level of the quay deck and terminal is 5.0m CD. For a 
suspended deck, it is important that there is no build-up of pressure under the quay deck 
to avoid damage to the structure. Blowholes could be applied as additional precaution.  
 
The initial deck height is derived as follows:  

• Highest water level (HHWS):    1.0m CD 
• Maximum wave height (above waterlevel):  2.4m 
• Allowance wave setup and run-up:  0.4m 
• Construction height deck:   1.2m 
• Recommended deck level:   5.0m CD 
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10.2 Quay Wall Alternatives 

In 2008 an assessment was carried out by Royal Haskoning for the most suitable type of 
quay wall construction at this site. Two types of structures, a suspended deck on piles 
and a mass concrete block work wall, were deemed feasible. These two alternatives are 
therefore worked out in this chapter. 
 
As described in chapter 4 only three offshore marine boreholes were taken in the vicinity 
of the project location. Moreover these boreholes present an inconsistent soil profile. For 
design purposes 2 soil profiles are identified; a sand profile and a rock profile as 
described in section 4.3.  
 
This combination of two types of structures and the two types of soil profiles results in 4 
quay wall scenarios to be developed as summarized below: 

• A suspended deck + sand profile 
• A suspended deck + rock profile 
• Block work wall + sand profile 
• Block work wall + rock profile 

 
 

10.3 Design of piled deck structure 

10.3.1 Typical cross section 

A suspended deck structure is typically used in India and around the world in areas with 
either soils with low strength, or when the natural sea bed is low. The piled deck 
structure consists of a reinforced concrete deck, founded on (open ended) steel piles. 
The connection to the existing terminal is made by a bund usually made out of quarry 
run material, protected with a geotextile and a layer of armour. 
 
For the port of Vizhinjam, a concept design was developed to be able to estimate the 
costs and time required to build such a quay wall type. Figure 10-1 presents a typical 
cross section of a structure for Vizhinjam port. 
 

Figure 10-1: Typical Cross section of a suspended deck on piles (placed on a sandy 
bottom) 
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10.3.2 Description of construction elements 

The following elements are envisaged for the suspended deck structure, regardless of 
its foundation. 
 
Concrete top structure 
The top structure of the deck on piles consists of two beams which are incorporated in 
the deck and supporting the waterside (ws) and landside (ls) crane rails. These 
prefabricated reinforced concrete crane beams are placed parallel to the fender line, 
with a centre to centre (ctc) distance of 30.48m. Both the ws-beam as the ls-beam are 
1200mm high and 1500mm wide. 
 
 
Cross beams 
Perpendicular to the berthing line, between the ws-rail beam and the ls-rail beam, are 
prefabricated reinforced concrete beams. These cross beams have a ctc-distance of 
6m, a height and a width of 1,200mm. 
 
Deck 
the reinforced concrete deck is 550mm thick and consists of a prefabricated layer and 
an in-situ layer. The prefabricated layer, with a thickness of 300mm, will span between 
the cross beams and will be used as formwork for the in-situ layer, with a thickness of 
250mm. 
 
Transition slab 
A prefabricated reinforced slab, with a thickness of 500mm, is placed on the ls-rail beam 
and the quarry run bund. This slab will facilitate a smooth transition between the 
concrete deck structure and pavement of the terminal area. 
 
Quarry run bund and fill 
After installation of the foundation piles, a quarry run bund is placed in between the piles 
to provide a transition between the terminal and the waterside. The top of this bund will 
be provided with a revetment to protect it from wave action. The bund is made out of 
quarry run, which allows a steeper slope then would be possible with sand. 
 
 
Foundation of the deck on piles 
With the soil profiles as defined in paragraph 4.3 we need to examine the implications of 
these 2 profiles on the foundation of the suspended deck.  
 
 

10.3.3 Deck on Pile structure founded on a sand profile 

Foundation of the suspended deck in sand requires relatively long piles, and thus 
increases the amount of material required. For the port of Vizhinjam the length of the 
piles is estimated at approximately 47 m below Chart Datum. These long piles are 
relatively easy to drive in, but the length is substantial.  
 
In addition the foundation of the structure on sand requires a scour protection at the toe 
of the revetment, to prevent the ships thrust to undermine the stability of the bund. 
  
For a suspended deck founded on a sand profile, open ended tubular steel foundation 
piles with a diameter of 914mm and a wall thickness of 17.5mm are foreseen.  
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10.3.4 Deck on Pile structure founded on a rock profile 

The suspended deck can also be founded on a rocky bottom. The advantage is that the 
rock provides a solid foundation layer at 20 m below Chart Datum. This significantly 
reduces the required length of the piles. This will reduce the material consumption and 
the installation time for this type of structure. 
 
In case of a highly weathered rock ground profile, drilled socket piles are expected to be 
not feasible and driven steel piles would need to be used.  
 
In addition a rock outcrop provides a more stable foundation for the revetment 
underneath the revetment. Therefore the soil improvement at the location of the toe of 
the revetment that is required for a sand profile is no longer required.  
 
On the other hand, the variability of the level of the top of the rock introduces a risk in 
construction. If the rock is encountered at a higher level then expected the piles can be 
damaged while they are driven in. Also the construction of the sockets required for the 
rock foundation is more time consuming  
 
The differences for a deck-on-piles founded on a rock profile are illustrated in Figure 
10-2 below.  

Figure 10-2: Cross section of a deck-on-piles constructed on a rock profile 
 

10.3.5 Difference in cost related to the soil profile 

From cost estimates that were made for the suspended deck founded on sand and rock. 
It was concluded that the rock profile (with rock encountered at approximately 20 below 
Chart Datum) is the cheapest solution. The additional construction of the pile sockets, 
and the required drilling in rock, outweigh the savings on material while the piles are 
shorter, there is no need for scour protection, and the volume of dredging is less.  
 



 

Vizhinjam Port PPP - Preliminary Project Plan  9V7976 R003 
Final Report - 87 - 14 October 2010 

10.4 Design of block work quay wall 

10.4.1 Typical Cross section 

An alternative to the suspended deck is the block work structure, that gets its strength 
through the use of gravity, and is therefore usually referred to as a “Gravity Structure”. 
The block work structure consists of prefabricated concrete blocks, founded on a 
selected layered foundation. The area behind the structure is back filled with quarry run, 
covered with a geotextile. Figure 10-3 presents a typical cross section of the structure. 
 

Figure 10-3: Typical cross section of a block work quay wall structure (placed on a 
sandy bottom) 
 
The following elements are envisaged for the block work structure, regardless of its 
foundation. 
 
Foundation block 
The foundation of the wall consists of a prefabricated, 10m long, 1.6m high, 3m wide 
concrete block, without reinforcement. These dimensions result in a block weight of 
approx. 120 tonne. The foundation block has a serrated bottom that will ensure enough 
friction between the block and the levelling layer. 
 
Intermediate blocks 
The intermediate blocks of the quay wall will be formed of prefabricated concrete blocks 
without reinforcement, with a heights of 1.5m and width of 3m. The lengths will be 
reduced from 9m, for blocks on top of the foundation block, to 5.75m. Each block will be 
equipped with a shear key, this key will guide the blocks in position during construction.  

 
Capping beam 
The capping beam consists of 2 parts; a prefabricated reinforced concrete block and an 
in situ part. The prefabricated element is 6.25m long, 1m high and 3m wide and will act 
as formwork for the in-situ part. The in-situ element will span over several prefabricated 
blocks to distribute the horizontal loads, induced by the vessels and the crane. 
 
Quarry run backfill  
The area behind the gravity blocks needs to be filled. Placing a quarry run back fill 
behind the quay wall has several benefits compared placing the general fill directly 
behind the quay wall: 
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• Quarry run is highly permeable, resulting in limited water pressure build-up 
behind the block wall which is favourable especially during earthquake 
conditions. 

• High angle of internal friction, which reduce the horizontal loads induced by the 
soil. Again, this is favourable under earthquake conditions. 

• Limited loss of material through the voids between the concrete blocks, which 
reduce the settlements at service level 

 
The quarry run however is more expensive then sand acquired from a sand borrow 
area. Still the benefits of the quarry run material are considered to outweigh the 
additional costs. With a staged construction of the quarry run backfill and the general fill 
a large reduction of the required amount of quarry run is possible. A geotextile is placed 
between the quarry run back fill and the general fill, to prevent mixing of materials.  
 
 

10.4.2 Sand Profile 

The soil conditions at the location of the quay wall have an impact on the foundation of 
the block work structure. 
 
For a foundation on sand the following is required 
 

• Replacement of the loose sand at the sea bottom. This loose sand layer is 
excavated down to a more dense sand layer and replaced by a more stable 
quarry run layer. 
 

• On top of the quarry replacement a foundation layer is placed consisting of 
crushed rock with a stone size of 50 to 150mm. This layer has a height of 
800mm. 
 

• On top of this foundation layer a levelling layer is placed consisting of crushed 
rock with a stone size of 20mm. This layer has a thickness of 200mm. 

 
• Finally a scour protection is constructed in front of the structure to prevent a 

wash out of the foundation due to the ships thrust. 
 
 

10.4.3 Rock profile 

The major difference in the block wall between the sand profile and the rock profile can 
be found in the foundation layers underneath the block wall. No replacement of the 
loose sand by quarry run is required. Only a minor excavation is foreseen for the 
installation of the foundation layer and the levelling layer. These 2 layers will have the 
same thickness and stone sizes as used for the sand profile. Scour protection is not 
needed on a rocky bottom.  Figure 10-4 presents a cross section of the structure. 
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Figure 10-4: Cross section of a block wall constructed on a rock profile 
 
 

10.4.4 Difference in cost related to the soil profile 

When the foundation costs are examined, the block work quay wall founded on a rock 
outcrop proofs to be cheaper then the one founded on sand. The difference is marginal, 
but lies in the fact that for a foundation on sand some addition works are required that 
can be avoided on a rocky bottom such as replacement of weak layers, and the 
construction of a scour protection in front of the wall.,  
 
 

10.5 Selected profile for the cost estimate 

For the selection of a quay wall structure for the new port, it is noted that there is only 
limited information available on the soil conditions on the proposed site, and more 
importantly the variety of its properties.  
 
The soil profiles “sand” and “rock” both have a high likelihood, and thus are not the 
driver of the selection at the moment.  
 
The selection of the quay wall is therefore based on costs, and the most economic 
alternative out of the once studied is a suspended deck founded on a rock layer at -20 
CD. These costs are included in the Capital Cost estimate of the port presented in 
chapter 12. 
 
Note: Additional geotechnical information is required to confirm both the presence of the 
rock layer and its location. If it is found that the rock layer is on a higher elevation, 
expensive blasting is required, while absence of this layer would result in a more 
expensive foundation on sand. 
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11 IMPLEMENTATION SCHEDULE 

The concept Master Plan is a first step in the Vizhinjam Port development. Several other 
milestones have to be reached before the port is operational. The roadmap to 
implementation is discussed in this section.  
 
The work before port operations can be divided into the following categories:  
 

• Pre-Construction Works 
• Civil Works 
• Port Infrastructure 
• Terminal Infrastructure 
• Commissioning 

 
 
The total estimated development time, starting end 2010, is 38 months (3.2 years). This 
includes the Pre-Construction Works and commissioning of facilities. The actual 
construction time is 26 months (2.2 year). 
 
The construction schedule is mainly dictated by the monsoon period and the target “start 
of operations” date of 1st of January, 2014. The development of the port within this 
timeframe is challenging, but viable if delays can be kept to an absolute minimum. 
 
The concept implementation schedule is shown overleaf in Figure 11-1 and is explained 
in more detail in the subsequent paragraphs. 
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11.1 Schedule  

Figure 11-1 presents an overview of the implementation schedule for the port of 
Vizhinjam  

 
Figure 11-1: Implementation Schedule 
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11.2 Considerations 

For the analysis of the implementation schedule a number of assumptions have been 
made that are described in this section. 
 
Project Timeline 
Start of operations is envisaged on 1st of January, 2014, in line with client’s 
expectations. 
 
This study has two final deliverable dates: 

• Pre-Bid technical study:  Completed end October, 2010 
• Environmental Impact Assessment:  Completed early May, 2010 

 
The Technical study should be completed before start of the tender process. The EIA 
must be finalised before commencement of construction works.   
 
Tender bid 
The implementation schedule assumes a “Design & Build” contract form. The contractor 
is herein responsible for the detailed design of the structures. The tender selection and 
award of contract is on the critical path. This must be completed before the end of the 
2011 monsoon season. 
 
Monsoon Period 
The monsoon period in Vizhinjam stretches from early May to the beginning of 
September. During this period the construction works are challenged by: 
 

• Massive Rain showers: Impacts earth construction works 
• Extreme Wave conditions: Limits Marine based operations outside breakwater 
• Extreme Wind conditions: Limits construction activities involving cranes and 

scaffolding 
 
Because of the above reasons the monsoon has a large impact on the implementation 
schedule. The associated downtime is severe and some activities should therefore be 
avoided during monsoon period.  
 
The implementation schedule as presented in Paragraph 11.1 shows a planning of key 
activities in non-monsoon periods. The leading constraint is the construction of the 
breakwater, which can only be done outside of the monsoon.  
 
There is a 7 month operational window between October 2011 and April 2012, which is 
just a sufficient time period for the construction of the breakwater. Finalising the Pre-
Construction Works in time therefore is very crucial. 
 
Working hours 
The port construction has an impact on the environment. The noise and dust produced 
by the trucks is significant and  trucks may have to travel through villages to transport 
the quarry from the mine to the construction site or barge loading port. Round the clock 
operations are therefore considered not feasible.  
 
A ten hour working day is assumed with seven working days per week. Provisions are 
made for downtime due to weather (2%) and equipment failure (4%). This results in an 
effective work week of 68 hours. 
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Responsibilities 
The implementation schedule on page 92 indicates three organisations and their 
respective responsibilities for the implementation of the project. These are: 
 

• Landlord (VISL) Marine works, Main civil works, Utilities & Port services 
• Government:  Infrastructure connection to hinterland (Road & Rail) 
• Concessionaire: Superstructures incl. paving, equipment & buildings 

 
 
 

11.3 Activities 

11.3.1 Pre-Construction Works 

Soil Investigation & related Surveys 
The concept Master Plan is prepared based on limited soil information. The soil 
conditions however are crucial to many parts of the project, such as the dredging & 
reclamation and the construction of the breakwater & quay walls. It is therefore 
important that further soil investigations are performed to provide a good overall picture 
for the Tender Bid preparations by the Contractors. Five months are estimated for this 
job taking into account mobilisation, survey execution, laboratory testing, data 
processing and reporting. The results should be made a key part of the bidding 
documents and thus, this activity is on the critical path. 
 
Tender 
The Tender is floated on the market as a “Design & Build” concept, in parallel with the 
finalisation of the soil investigation campaign, in order to save time, and to be able to 
complete the tendering process before the end of the 2011 monsoon season (October).  
 
In total four months are scheduled for the tendering period, including preparation of the 
Tender package, Floating of the Tender, contractor bid preparation time and 
submission.  
 
Consents, Negotiations & Approvals 
Three months have been allocated for the assessment of tender bids and subsequent   
contract negotiations. In parallel the required permits and approvals of the design must 
be obtained.  
 
Mobilisation of contractor 
One month is reserved for the mobilisation of personnel, equipment and materials to the 
project site. It mainly concerns the international dredging and breakwater contractor. 
The required equipment is not widely available and might need relocation from another 
part of the world. 
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11.3.2 Civil Works 

Breakwater & Revetments 
The construction of the Breakwater is the leading component in the overall 
implementation schedule. The construction of the Breakwater needs to be completed in 
between two monsoon seasons, and therefore has to fit within 8 months. An 
investigation was made into the possibility to construct the Main Breakwater at 
Vizhinjam within this short period. This study is included in Appendix N.  
It was concluded that with the combined use of land and marine based equipment it is 
possible to complete the construction of the main breakwater in time.  
 
About 70% of the breakwater quarry is delivered by sea with dump barges, while the 
remaining 30% is delivered by land with trucks. The basic steps involved in this short 
term construction of the North and South breakwater are as follows: 
 

• Core of Breakwater is build with use of dump barges up to a depth of -5m CD. 
(+/-70% of core material) 

• The remaining core material is sourced via a land based trucking operation 
• The filter layer is also placed partly by barges and trucks. 
• The toe armour and concrete armour locks and are transported by trucks to the 

Breakwater and placed by a crane. 
 
The land based construction time is limited again by operating hours, truck dump time 
and simultaneous dump locations.  
 
All other construction operations are optimised to keep up with above turn around times.  
 
Dredging & Land Fill 
The severe monsoon wave climate in the project region is also limiting the dredging 
operations. Even outside the monsoon period waves can be significant and high enough 
to temporarily interrupt operations. Dredging operations therefore are preferably 
performed in the lee of the Breakwater. This activity is therefore dependent on the 
breakwater construction. 
 
Seven months of Dredging & Reclamation activities are scheduled, based on the volume 
of 3.3 million cubic meters required for Phase I. This includes the dredging of the 
channel, and reclamation of the new container terminal.  
   
For the moment it is assumed that the bed level consists of sand and clay, based on the 
limited soil information. If the detailed soil investigations however indicate a hard rock 
bottom, blasting is required. This would have a considerable effect on the overall 
implementation schedule requiring at least an additional 3 months.  
 
The landfill of the container terminal requires a settlement period of approximately 4 
months. This has an impact on the construction activities (utilities & superstructures) and 
is on the critical path. 
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11.3.3 Port Infrastructure 

Quay Wall 
The concept design of the quay wall is a “deck on piles”. The piles can be driven into the 
ground from a pontoon or from land. The land fill behind the quay bund & revetment 
needs time to settle. The quay construction time is not affected by these settlements 
because the structure rests on the piles. Four months are planned for the construction, 
starting just after completion of the Dredging & Reclamation works. This activity is the 
responsibility of the Landlord. 
 
Utilities 
The estimated construction time of the general port utilities is 3 months. The works are 
planned outside the monsoon period because either a lot of earthworks or scaffolding is 
required. The utilities are the responsibility of the landlord and include construction of: 

• Power Supply & Utilities 
• Potable water facilities 
• Waste management services 
• Port Authority office buildings 
• Marine Services (control tower & offices) 
• Storm water Drainage 

 
Hinterland Connections 
The road and rail connection with the hinterland is the responsibility of the Government.  
A road connection is required for the mobilisation of material, and the construction of the 
breakwater and terminal. This road will be a construction road at first. Towards 
completion of the.port construction works, this road can be upgraded to a normal 
highway.  
This activity is therefore split in 2 parts, the construction of the entrance “construction 
road”, and the “final road and rail way”. 
 
Marine Services 
Three months have been reserved for the delivery of equipment and structures. It’s 
scheduled as late as possible, just before commissioning of the port to minimise 
financing costs. Tugs, pilot launches and other equipment are delivered in this period.  
 
 
 

11.3.4 Terminal Infrastructure 

Superstructures 
These are the responsibility of the concessionaire of the container terminal. Six months 
are scheduled for the construction of paving, fencing, gates, floodlights, sheds and office 
buildings. The six months are partly scheduled in the monsoon period. This is preferably 
avoided, but not possible because the land fill needs a settlement period and the 
Landlord needs time to construct and install basic utilities. As a result a higher 
percentage of downtime is to be expected and is therefore taken into account. 
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Equipment 
The delivery & instalment period of the handling equipment is estimated at three 
months. It’s scheduled as late as possible to avoid unnecessary financing costs. The 
equipment includes Gantry Cranes, RTG’s, Reach stackers and support equipment. 
 
 

11.3.5 Commissioning and testing 

One month is reserved for the commissioning and testing of the facilities and equipment. 
This period is intended to test and validate the delivered work. After the commissioning 
the port is ready to receive its first container vessel. 
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12 COST ESTIMATE 

The results of the cost estimates, for the proposed preliminary design of Vizhinjam port, 
are discussed in this section. The estimates are prepared for: 
 

• Capital Expenditures (CAPEX) , the required investment cost for development.  
• Operating Expenditures (OPEX), the annual operating cost of the development 

 
The CAPEX is a result of the Bill of Quantities (BoQ) and a Unit rate. The OPEX is 
prepared on basis of the CAPEX figures and expected cargo throughput. 
 

 
Figure 12-1  CAPEX build-up 
 
Phasing of development 
The cost estimate is prepared for each of the three phases of the Port Master Plan. The 
dimensions and characteristics of each phase were discussed in chapter 1 of the report. 
In appendix A the port layouts for each phase are included. The key parameters are 
summarised in Table 12-1: 
 
Table 12-1: Key parameters per development phase  
Phase Design Capacity 

[TEU/yr] 
Quay Length 

[m] 
Quay Cranes 

[number] 
Breakwater length 

[m] 
Phase 1 822,000 650 6 3,340 
Phase 2 863,000 600 5 0 
Phase 3 1,138,000 750 6 1,540 
Total 2,823,000 2,000 17 4,880* 
* Includes relocation of south Breakwater (double count) 
 
Cost estimate items 
The following main categories are included in the cost estimates:  
 

• Dredging & Land Fill   
• Breakwater & Revetments 
• Quay Wall   
• General Port Superstructures 
• Container Terminal 
• Container Terminal Equipment 
• Marine Services 
• Utilities 
• Miscellaneous 
 

 
12.1 Bill of Quantities (BoQ) 

The quantities are summarized in Table 12-2. These are based on the concept Master 
Plan presented in chapter 1 . 
 

 
BoQ 

 
Unit Rate 

 
CAPEX x = 

 
OPEX 
Year 1-n 
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Table 12-2: BoQ summary 
Quantity Item Unit Phase I Phase II Phase III Cumulative 
Dredging & Land Fill  [m3] 3,321,000 4,288,000 5,285,000 12,894,000 
Breakwater & Revetments  [m] 4,540 0 2,340 6,880 
 Quay wall       
    Deck on piles rock [m] 650 600 750 2,000 
    Material - Scour protection  [m3] 0 0 0 0 
    Material - land fill  [m3] 504,000 465,000 582,000 1,551,000 
 General port superstructures       
    Building Port Authority & Port control  [m2] 1,600 800 800 3,200 
    Security fencing + Gates  [m] 1,000 1,000 1,500 3,500 
    Building Customs  [m2] 1,600 0 0 1,600 
    Road and parking facilities; asphalt 
paving  [m2] 53,800 100,000 0 153,800 

 Container terminal       
    Paving  [m2] 246,000 213,000 267,000 726,000 
    Container Terminal Utilities  [m2] 260,000 240,000 300,000 800,000 
    Workshop  [m2] 1,250 1,250 1,250 3,750 
    Offices  [m2] 800 800 800 2,400 
    Railyard - length of rails  [m] 2,100 0 0 2,100 
 Container terminal Equipment       
    Gantry Cranes  [#] 6 5 6 17 
    RTG's  [#] 16 13 16 45 
    Terminal Tractors  [#] 30 25 30 85 
    Tractor Trailers  [#] 30 25 30 85 
    Empty Container Handlers  [#] 4 3 4 11 
    Reach Stackers  [#] 2 2 2 6 
 Marine Services       
    Tug Jetty  [#] 1 1 1 3 
    Tug (60-80BP)  [#] 3 3 3 9 
    Pilot Launch  [#] 1 1 1 3 
    Mooring Launch  [#] 3 3 3 9 
 Utilities       
    Power supply and electrical facilities  [#] 1 1 1 3 
    Potable water facilities  [#] 1 1 1 3 
    Waste Management Facility  [#] 1 1 1 3 
    Storm water drainage  [#] 1 1 1 3 
    Foul water system  [#] 1 1 1 3 
 Miscellaneous       
    Mobilisation  [#] 1 0.50 0.50 2 
    Aids to navigation  [#] 1 1 1 3 
 
The “Utilities” and “Miscellaneous” items show a Lump Sum price per facility (“#”). The 
unit rate for such facility (and others) is discussed in the next paragraph. The 
mobilisation costs are half the price for Phase II&III compared to Phase I. 
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12.2 Unit Costs 

12.2.1 Sources of information 

The Unit Rates are carefully selected on the basis of various sources.  
 
Royal Haskoning has developed in-house an extensive international database of 
construction prices based through our involvement in numerous marine projects around 
the globe.  Our cost database is permanently cross-checked with local cost estimates 
and bids we receive on our projects in order to arrive at a realistic price level estimate 
for the proposed works. 
 
In general we have used our international experience based on: 

• Similar Greenfield master plans in all continents of the world. (Africa, Middle 
East, South America, Asia and Europe) 

• Vast practical experience in the construction supervision of ports. 
• In-house costing database with historic time series. Examples are the price of 

steel, fuel, concrete and rock.   
• Use of in-house developed logistics model to determine the most cost effective 

transport method of rock supply to Breakwater & Revetments. 
• Use of dredging model to determine cut & fill volumes and dredging cost as 

function of type of equipment. 
 
In addition we have engaged with our India office to incorporate: 

• Tender Bids from local contractors for a similar project in the nearby region of 
Vizhinjam town. 

• Site visits and meetings with the local government & business community 
• Kerala District Price book of  the Land Works Department 2010  

 
12.2.2 Dredging & Land Fill  

The scale of dredging the dredging works is large and a local dredging contractor would 
most likely not be able to carry out the works as he would simply lack the required 
equipment and experience. Therefore, an international dredging contractor is more likely 
as these types of companies have the right equipment, skills and experience to 
complete the task.  
 
The unit rates include mobilisation, profit en risk provisions for the contractor. The unit 
rates are based on international price levels. For the estimate, Royal Haskoning used an 
in-house developed dredging model (source for input in the model: CIRIA 655, CIRIA 
684, VGBouw 1995, RH experience combined with local information from Kerala District 
prices).  The model is used to calculate the costs using various main equipment types 
including support equipment that can be used for construction of the port. The most cost 
effective dredging solution is selected and used for the CAPEX calculation. The unit 
rates are shown in Table 12-3.  

 
The costs of the dredging and reclamation works depend on the soil conditions and the 
installed power of the dredging equipment. These two aspects mainly determine the 

Table 12-3: Dredging & Land Fill Unit Rates 
Item Unit Rate 
Dredging and reclaiming - Superficial soils  [US$/m3] 11 
 Dredging and reclaiming - Compacted sediments/ weathered rock  [US$/m3] 21 
 Additional dredging under Container Terminal  [US$/m3] 18 
 Additional dredging for scour protection  [US$/m3] 18 
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productivity of the dredging equipment. The result is that the unit rate for weathered rock 
(21 US$/m3) is almost twice as high as for sand (11 US$/m3). The unit rate for dredging 
of hard rock excluding pre-treatment will be just over 80US$/m3. The calculated unit 
rates are very sensitive to both the soil conditions and the market conditions in the 
dredging industry at the moment. The willingness to win the dredging works can 
influence the unit rates to a large extent. 
 
The following parameters are optimised for this specific port development as was 
described in more detail in chapter 1. These parameters include:  
 

• Cut & fill in balance 
• Type of dredging equipment (CSD and TSHD) 
• Operating cost of equipment 
• Productivity of equipment (various soil conditions and varying installed power on 

the cutter head) 
• Operational time window (monsoon, storm weather, etc) 
• Soil conditions (70% of volume are superficial soils / 30% of volume is 

weathered rock is assumed) 
 

12.2.3 Breakwater & Revetments 

The unit rates for the breakwater and revetments as used in the CAPEX estimate are 
shown in Table 12-4Error! Reference source not found.Error! Reference source not 
found.. The rates are provided per running meter for various depth classes of 5m 
intervals.  
 
Table 12-4: Breakwater & Revetments Unit Rates  
Item Unit Unit Rate 
Breakwater at average depth of 2.5 m [US$/m] 21,000 
Breakwater at average depth of 7.5 m [US$/m] 30,000 
Breakwater at average depth of 12.5 m [US$/m] 45,000 
Breakwater at average depth of 18.0 m [US$/m] 68,000 
Breakwater head at average depth of 18.0 m [US$/m] 83,522 
   
South Breakwater at average depth of 2.5 m [US$/m] 22,000 
South Breakwater at average depth of 7.5 m [US$/m] 29,000 
South Breakwater at average depth of 12.5 m [US$/m] 38,000 
South Breakwater head at average depth of 15.0 m [US$/m] 55,281 
   
Revetment 0-5 m [US$/m] 601 
Revetment 5-10 m [US$/m] 3,443 
Coastal protection [US$/m] 1,400 

 
During a site visit, Royal Haskoning has identified four potential quarries which can 
deliver (part of) the required rock (refer to Appendix E). For each of these quarries, four 
transport scenarios have been defined: 

• Scenario A: Direct truck transport 
• Scenario B: Truck � River Barge � Sea Barge transport 
• Scenario C: Truck � Direct Barge (sea & river) transport 
• Scenario D: Truck � Sea Barge transport 

 
An in-house model has been used for calculating the unit costs for the delivery and 
placement of rocks at site. The logistics model is used to calculate the cost and time for 
each step in the logistic chain. In Figure 12-2 the output of the logistics model for the 4 
scenarios is presented for core material from quarry 1. The assumptions for the used 
equipment and on speed and distances are also shown in the figure.  
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The input parameters used in the model are based on local Kerala rates for renting of 
equipment and hiring labour. The rates are based on local information from the “District 
Price book of the Land Works Department 2010”, tender prices from reference projects 
in the region and information provided by rock suppliers. Figure 12-3 shows the 
overview of the results for Quarry 1 and the four possible scenarios.  
 
The distance from the quarry to the construction site and the used transport mode are 
driving factors in the unit rate.  
 
 

 
Figure 12-2 Output of the logistics model for each of the transport scenarios 
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Figure 12-3: Breakwater construction cost compared per transport scenario 
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The unit rates used for the CAPEX estimate are based on Scenario D (combination of 
trucks and sea barge) with rocks from Quarry 1 and 2. The applied unit rates for the 
breakwater are presented in Table 12-4Error! Reference source not found..  
 
 

12.2.4 Quay Wall   

The exact soil conditions in Vizhinjam port are unknown and therefore 2 types of 
structures and two soil profiles are considered for the quay wall..  
 
A deck on piles structure is selected as preferred option. Further, it is assumed that 
there is a rocky sub-soil profile (for details on quay wall options and design, refer to 
section 1).   
 
The associated unit rates are estimated for the quay structure, scour protection and 
required landfill under the quay wall (see Table 12-5).The unit rates are based on local 
prices (“District Price book of the Land Works Department 2010”, tender prices from 
reference projects in the region and information provided by suppliers).   
 
Table 12-5: Quay Wall Unit Rates 
Item Unit Unit Rate 
Deck on piles rock  [US$/m] 40,800 
Material - Scour protection  [US$/m3] 28.00 
Material - land fill  [US$/m3] 25.00 
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12.2.5 General Port Superstructures 

The port superstructures costs are estimated on the basis of length or surface areas. 
The applied rates are shown in Table 12-6. 
 
Table 12-6: General Port Structures Unit Rates 
Item Unit Rate 
Building Port Authority & Port control  [US$/m2] 754 
Security Fencing + Gates  [US$/m] 150 
Building Customs  [US$/m2] 377 
Road and parking facilities  [US$/m2] 25 
 
The unit rate for buildings of the Port Authority is larger in comparison to the customs 
buildings since the building is larger as the Port Authority is also responsible for port 
control. This includes – amongst others – vessel traffic management with an expensive 
control tower and monitoring tools (radar, etc). The ”Security Fencing + Gates” item 
includes CCTV, gate houses,  port boundary fencing and all other facilities required to 
secure the port. 
 

12.2.6 Container Terminal 

The unit rates applied for the container terminal are shown in Table 12-7Error! 
Reference source not found.. The container terminal utilities include items such :as 
lighting, electrical facilities, a potable water network, as well as sewerage and fire 
fighting systems. The pavement unit rate is estimated on basis of the container stack 
loads of 5 high.  

 
12.2.7  

12.2.8  

12.2.9  

12.2.10  

12.2.11 Container Terminal Equipment 

The unit rates for container handling equipment are summarised in Table 12-8. The 
gantry crane costs some 7.5 million US$ is the most expensive equipment item in the 
terminal.  All other equipment is supporting the optimum operation of the quay crane. 
The number and unit price of the equipment (“GC factor”) is based on the analysis of 
equipment used in leading container terminals in the world.  
 
Table 12-8: Container Terminal Equipment Unit Rates 
Item Unit Rate GC factor 
 [US$/#] [-] 
Gantry Cranes  7,500,000 1.0 
 RTG's  1,400,000 2.6 
 Terminal Tractors  80,000 5.0 
 Tractor Trailers  20,000 5.0 
 Empty Container Handlers  300,000 0.6 
 Reach Stackers  450,000 0.4 
Total per set 12,000,000 1.0 

Table 12-7: Container Terminal Unit Rates 
Item Unit Rate 
Paving  [US$/m2] 110 
 Container Terminal Utilities  [US$/m2] 10 
 Warehouse  [US$/m2] 819 
 Offices  [US$/m2] 754 
 Rail yard  [US$/m] 1,078 
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Figure 12-4 Distribution of costs of the equipment 

 
The pie chart (see Figure 12-4) shows the share in unit rate per equipment set. The total 
required investment for one quay crane and associated equipment is around 12 million 
US$.  
 

12.2.12 Marine Services 

The vessels calling at the prospective port of Vizhinjam require assistance from tugs and 
pilots. The BoQ foresees in a total of four types of vessels which are indicated in Table 
12-9Error! Reference source not found.. The unit rates include the delivery and 
commissioning on site.  Prices are based on figures from actual quotations of various 
yards. 
 
Table 12-9: Marine Services Unit Rates 
Item Unit Unit Rate 
 Tug Jetty  [US$/#] 2,000,000 
 Tug (60-80BP)  [US$/#] 6,000,000 
 Pilot Launch  [US$/#] 1,500,000 
 Mooring Launch  [US$/#] 500,000 
 

12.2.13 Utilities 

Table 12-10: Utilities Unit Rates 
Item Unit Unit Rate 
 Power supply and electrical facilities  [US$/#] 5,000,000 
 Potable water facilities  [US$/#] 500,000 
 Waste Management Facility  [US$/#] 500,000 
 Storm water drainage  [US$/#] 750,000 
 Foul water system  [US$/#] 750,000 
 
The utilities unit rates are shown in Table 12-10. Prices include the design, construction 
and commissioning of the facilities. Power supply, waste management and other 
treatment plants are all specific installations which are built  by specialist companies.  
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12.2.14 Miscellaneous 

The unit rate for the “Miscellaneous” section of the BoQ involves the mobilisation / 
demobilisation and the aids to navigation. The applied rates are indicated in Table 
12-11.  
 
Table 12-11: Miscellaneous Unit Rates 
Item Unit Unit Rate 
Mobilisation  [US$] 2,000,000 
Aids to navigation  [US$/#] 500,000 
 
The mob/demob rate excludes the mobilisation / demobilisation cost for dredging works 
and the construction of the breakwater, as these costs are already incorporated their 
unit rates (please refer to paragraph 12.2.2 & 12.2.3). Mobilisation involves the 
relocation of equipment, materials and people to the project site. 
 
The aids to navigation include the buoys along the channel, the leading lights and the 
radar system in the port, 
 

12.3 Capital Expenditures (CAPEX) 

12.3.1 Level of Accuracy 

Estimating the costs of the developed concept in this stage of the project is a perilous 
task with only limited information available on key issues such as: 
 

• Uncertainty in soil condition.  
• Construction methods applied 
• Availability of construction materials 
• Availability of construction equipment 
• Contract form with the contractor 
• Risk factors applied by contractors 
• Level of competition between contractors that could bring prices down 
• Market situation and willingness to bid of bidding parties  

 
The impact of these uncertainties is shown in Figure 12-5 showing for example the 
influence of the quarry material and concrete prices on the CAPEX. 

 
Figure 12-5: Influence of a reduction in price of quarry material & concrete price on 
CAPEX 
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A broad range of assumptions had to be made in this study resulting in a level accuracy 
of -35% to +35%.  
 
Included are:  

• Contractors’ overheads, profit and general items. 
• Allowance for uncertainty of local soil conditions 

 
Excluded are 

• Allowance for taxes 
• Import duties 

 
Price level and currency 
Costs are based on 2010 price levels and exclude inflation or price escalations. All 
CAPEX are expressed in US Dollars. The following exchange rates have been applied: 
  
Table 12-12: Exchange rates 
3th quarter of 2010 
1.00 EUR =  1.32 USD 

1.00 USD = 0.47 INR 

 
12.3.2 CAPEX Results 

The CAPEX for the phased development of the port is summarised in Table 12-13, 
whilst a detailed CAPEX is included in appendix L. 
 
Table 12-13: Capital Expenditures 
Cost Item PHASE I  PHASE II  PHASE III  Cumulative 

Dredging & Land Fill 47 38 48 133 
Breakwater & Revetments 179 0 84 263 
Quay wall 39 36 45 120 
General port superstructures 3 3 1 7 
Container terminal 34 27 34 95 
Container terminal Equipment 73 60 73 205 
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Marine Services 23 23 23 69 
Utilities 8 8 8 23 
Miscellaneous 3 2 2 6 
Total CAPEX  [Mio US$] 407 197 317 921 
Preliminaries (10%) 41 20 32 92 
Contingencies (20%) 81 39 63 184 
Engineering (5%) 20 10 16 46 
Grand Total CAPEX 550 266 427 1243 
 
The breakwater & revetment construction takes up the majority of the development cost. 
For Phase I this amounts to 53% of the required investments, which excludes the 
provisions for preliminaries, contingencies & engineering. Because of the relatively deep 
water at the port site the CAPEX for dredging & land fill is limited. 
 
Other large investments are the container terminal equipment (26%) and the 
construction of the quay wall (9%). Table 12-14 shows the relative differences. 
 
Table 12-14: CAPEX per Phased Development 
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The cumulative investment for the port (including all the development phases) is 1.5 
billion US$.  This includes the following provisions: 
 

• Preliminaries (10% of CAPEX) 
• Contingencies (20% of CAPEX) 
• Engineering (5% CAPEX) 

  
Preliminaries 
All associated costs to prove the technical, financial and economic feasibility of the 
development. 
 
Contingencies  
This factor provides for the risks & uncertainties of the development. These are already 
highlighted in section 12.3.1. The majority of the uncertainty is the unknown soil 
conditions on site 
 
Engineering 
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The (detailed) engineering during the pre-construction and supervision stage are 
incorporated in this factor. The level of 5% is based on the consultants experience in 
similar “Greenfield” developments in the region.   
 
 

12.4 Operating Expenditures (OPEX) 

The Operating Expenditures (OPEX) estimates the annual operating and maintenance 
costs of the port and are prepared for each of the three developed phases. The 
percentages and factors applied are based on the consultants experience, local 
conditions and industry benchmarks.  
 
The OPEX consists of the following main items: 

• Maintenance 
• Energy consumption 
• Labour 

 
12.4.1 Maintenance 

The maintenance costs per year are estimated as percentage of the CAPEX and are 
based on our experience of average annual maintenance costs over the full lifetime of 
the port items. The maintenance is a fixed cost per year, and therefore independent of 
the container throughput volumes. The applied percentages are shown in Table 
12-5Error! Reference source not found.. 
 
Table 12-15: Maintenance costs 

Maintenance cost item 
[%of 

CAPEX
] 

Dredging  0.5% 
Breakwater & Revetments 0.5% 
Quay wall and other Infrastructure  0.5% 
Superstructures 2.0% 
Terminal area 2.5% 
Utilities 5% 
Miscellaneous 0% 
  
Gantry Cranes 3.0% 
RTGs 3.0% 
Terminal Tractors 10.0% 
Other Terminal Equipment 8.0% 
Marine Services Equipment 6.0% 
 
The equipment cost factor of 4.5% is considerable compared to 0.5% of the “Marine 
infrastructure” assets. Equipment involves a lot of moving mechanical parts, which result 
in extensive maintenance programs. A breakwater is a fixed structure and only requires 
minor maintenance, such as the replacement of armour rock after a severe storm. 

 
12.4.2 Labour 

Structure of port organisation 
The organisation structure to operate Vizhinjam port is shown in Figure 12-6:. This 
diagram comprehends the typical functions and distribution of the functions over 
separate departments which are required to operate Vizhinjam port. The numbers of 
FTEs presented in the figure are for phase I only. The organisation consists of 5 
separate departments under the control of the CEO. The Operations Department is the 
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largest department from a labour force perspective, having around 75% of the 
employees. 
 
The organisational structure as presented includes both the functions of a typical 
(public) port authority and the (private) terminal operations. Some responsibilities can be 
shifted from the port authority to a concessionaire depending on the foreseen port 
management model for Vizhinjam port. In the adopted landlord model for this project the 
terminal operations and marine services are performed by private concessions. In this 
case the port authority takes care of the other functions in the port, such as maintenance 
of the marine infrastructure and quays, navigational safety and control of general 
facilities and utilities. 
 

 
Figure 12-6: Organisation diagram of management structure (number of FTE 
presented are for phase I) 
 
Number of employees and associated labour costs 
The number of employees and functions are estimated for each department separately. 
Further, for each function the costs of labour are determined based on the consultants 
experience with similar projects in India verified with the labour prices indicated by the 
State of Kerala. The total costs for labour are then determined based on the number of 
employees and labour cost per employee. 
 
In the staffing estimate a split is made between day-time functions (8 hours during office 
hours) and full day functions which require employees to work in shifts (3 times 8 hours).  
The numbers of employees working in shifts are directly linked to the cargo (container) 
throughput. Employees working in shifts are mainly working in the engineering and 
operations departments. Further, the numbers of employees working in shifts are based 
on the forecasted equipment use in the port. The determination of the number of shifts 
for the full day functions includes employee requirements per function and includes 
absence of the employees due to annual leave and sickness. 
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The overview of the number of employees and labour costs for Phase I are given in 
Table 12-16. In Figure 12-7: the distribution of the labour costs over the departments 
and functions are shown graphically.  
 
Table 12-16: Overview of the number of employees and labour costs required for the 
operations in phase I (in US$/year in 2010 values) 

Number of employees and labour costs Employees OPEX - labour 
Department    [FTE]  [US$/year] 
CEO & Secretaries  3             103,000  
Administration & Finance  35             303,000  
Commercial  5               41,000  
Planning & Development  35             373,000  
Engineering  40             221,000  
Operations    
 Marine Services  56             671,000  
 Terminal Operations  293          1,769,000  
 Security & Safety  63             368,000  
 Other  28             183,000  
Total   558          4,032,000  

 
CEO & Secretaries

Commercial

Planning & Development

Engineering

Marine Services
Terminal Operations

Security & Safety
Administration & finance

Other

CEO & Secretaries

Administration & finance

Commercial
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Engineering
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Terminal Operations

Security & Safety

Other

 
Figure 12-7: Distribution of labour costs over the departments and functions 
 
The labour requirement for the three phases is indicated in Table 12-17. The number of 
employees and costs for the departments engineering and operations are related to the 
amount of marine services equipment, terminal handling equipment and the size of the 
port area. The employees in the other departments are estimated to increase by 
approximately 1/3 for a doubling of cargo throughput.  
 
Table 12-17: Labour requirement (cumulative per phase)  

 
 
 
 
 
 
 
 
 

Description Phase 
1 

Phase 
2 Phase 3 

CEO & Secretaries 3 3 4 
Administration and finance 35 47 55 
Commercial 5 7 8 
Planning and development 35 46 54 
Engineering 40 80 120 
Operations  440 391 440 
Total  557 534 601 
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12.4.3 Energy Consumption 

The port energy consumption is estimated for the cargo handling, port area and marine 
services. The estimate of these energy costs is made based on the assumptions and 
unit rates shown in Table 12-18. 
 

 
Costs for cargo handling are calculated by estimating the number of equipment moves 
and the power consumption for each type of equipment. The costs of energy for the port 
area and marine services are determined by applying RH benchmark rates for 
respectively energy consumption per square meter terminal area or per trip of marine 
service vessel. 
 
The unit rate of 5.80 US$ per TEU over the quay covers the energy for all the equipment 
moves required for the movement of a container trough the terminal.  
 
For example for an incoming transhipment container this means: 

• Vessel lift off of container onto a trailer 
• Transport of the trailer to the RTG at the stack,  
• Lift off container in the stack by RTG 

 
And for an exported transhipment container this means:  

• Lift on trailer by RTG 
• Transport on trailer to quay 
• Lift on vessel by quay crane 

12.4.4  

12.4.5 OPEX Results 

The operating cost of the port are summarised in Table 12-19. 
 
Table 12-19: OPEX estimate in Mio US$ (2011 prices)  
OPEX in [Mio US$] (2011 
prices) Phase I Phase II Phase III 

TEU Throughput (cumulative) 822,000 1,685,000 2,823,000 
Period FY14-20 FY21-30 FY2031-44 
OPEX year 2020 2030 2044 
Maintenance 9.5 16.6 25.3 
Labor 4.0 7.1 10.6 
Energy 5.5 10.9 17.6 
Total OPEX  19.0 34.6 53.5 

 

Table 12-18: Assumptions Energy Consumption 
Consumer Unit Operation Rate 
Electricity price [US$/kWh]  0.19 
Fuel price [US$/l]  0.90 
    
Cargo Handling [US$/TEU] Container handling  5.80 

Quay Area 0.27 
Port Area’s [US$/m2/year] 

Terminal Area 0.56 
Pilot boat operations  90 

Marine Services [US$/trip] 
Tug operations  360 
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For all port development phases the maintenance is the largest share of the operational 
costs. Maintenance of the handling equipment and the marine services equipment 
contributes for around 70% of the total maintenance costs. In Figure 12-8 the OPEX in 
shown as bar chart for a number of years.  It’s evident that total costs are increasing per 
phase.  
 
The operating cost per TEU however show a decreasing trend due to scale advantages. 
In the years presented in the bar chart (when full capacity of the terminal in each phase 
is utilized) the operational expenditures drop from around 23 US$/TEU to around 20 
US$/TEU.  
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Figure 12-8: OPEX per Phased development 
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13 ECONOMIC EVALUATION 

13.1 Framework for Economic Evaluation 

13.1.1 Introduction 

This section covers a high level economic analysis of the Greenfield port development at 
Vizhinjam. In addition to the financial appraisal the economic appraisal identifies the 
costs and benefits from a broader economic perspective. The financial appraisal treats 
the feasibility of the Greenfield port development from a public / private business case 
perspective and is performed by the IFC. In the economic appraisal (in)direct economic 
effects on other sectors, people or regions are taken into account. The project is, in 
other words, judged from the perspective of a national or regional economy rather than 
only from the perspective of a public / private business case. In this case the project 
impacts can be economically evaluated for India and for Kerala state separately. 
 
The economic viability of a project can be assessed in an economic Cost Benefit 
Analysis (CBA). This CBA deviates from the commercial and financial CBA by including: 
 

4. Direct costs and benefits generated by the development of the port like: 
a. Financial benefits to other parties who benefit from the project 
b. Benefits from transfer payments like concession payments, taxes 

and subsidies paid and received as a consequence of the project 
5. Indirect effects to the region through additional employment and additional 

economic activity in the region. 
6. Costs of (quantifiable) externalities, such as social and environmental 

impacts. 
 
The economic value of the project is determined by comparing the scenario of 
developing the port (or Project Case) with the scenario in which the port will not be 
developed (or Base Case). The base case scenario refers to the scenario which is the 
most likely development of the economy without the investment in the port, often 
referred to as “business as usual”. In this study the economic value is presented as 
being the balance of the incremental costs and benefits of the project case compared to 
the base case. These net incremental benefits are benefits on top of the financial 
revenues following from the financial appraisal (section 13.3.1). The financial appraisal 
is done by the IFC. Part of these economic benefits will flow back to the government in 
the form of tax or concession payments (section 0). 
 
From the financial cash flows generated and the incremental economic cash flows the 
Economic Internal Rate of Return (EIRR) and the Net Present Value (NPV) can be 
computed. The discount rate used in an economic evaluation depends on the public 
sector its cost of capital and the risk related to the project for the public sector. For the 
discount rate for economic evaluation a real discount rate of 12% is generally accepted 
for similar cases. The effect of inflation is not taken into account in this analysis. 
 

13.1.2 Economic setting of Vizhinjam port 

The port at Vizhinjam is targeted to attract (1) transshipment traffic destined to India, 
Pakistan and Bangladesh and (2) gateway traffic to and from mainly Kerala. The 
forecasted distribution of the number of containers calling at the port for the year 2020 is 
shown in Figure 13-1. Based on the trade and traffic forecast, made by Drewry Shipping 
Consultants, around 2/3 of the containers headed for the port are transshipment 
containers. The transshipped containers amount to approximately 85% of the forecasted 
container moves over the quay.  
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Figure 13-1 Forecasted number of TEUs transported over the port of Vizhinjam 
(FY2020) (source: Drewry) 
 
The transshipment traffic targeted by the port of Vizhinjam is currently routed over the 
port of Colombo, Sri Lanka. Around 65% of the transshipment traffic Vizhinjam is 
targeting is headed for Indian destinations (see Figure 13-2). The other 35% is heading 
to destinations in Bangladesh and Pakistan. Drewry estimates that a market share of 
12%-15% of the current transshipment traffic in Colombo can be captured by offering 
discounts in the range of 40% to 20% on the Colombo tariffs.  

Pakistan
7%

West coast India
16%

South coast India
10%

East coast India
39%

Bangladesh
28%

 
Figure 13-2 Destination of forecasted feeder traffic from Vizhinjam port (FY2020) 
(source: Drewry) 
 
The gateway traffic mainly serves the primary hinterland of the port consisting mainly of 
Kerala state and for a rather small portion its neighbouring states. This traffic – 
comprising mainly of agricultural products – is currently routed via Cochin port.  
 
Drewry indicates that currently sufficient handling capacity is available at both the ports 
of Cochin and Colombo to handle near future growth in container traffic. In addition 
Drewry indicates that additional capacity is planned for the near future at these two 
ports, which is expected to be available before Vizhinjam port will be operational. Hence 
the operations in Vizhinjam port will mainly be substituting the operations of Colombo 
and Cochin by rerouting traffic flows. 
 

13.1.3 Framework of the economic evaluation 

For the framework of the economic evaluation the following components are described: 
• Project Case versus Base Case 
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• Stakeholders in the economic evaluation 
• Categories of economic costs and benefits 
• Framework for direct costs and benefits 

 
Project Case versus Base Case 
The base case considers the scenario of a continuing container transport business in 
line with “business as usual”. It is assumed that the market shares of Cochin and 
Colombo for container traffic remain constant. Capacities in both ports are extended 
according to the growing market demand. No substituting ports are assumed to be 
developed. The project case considers the development of a port with a container 
terminal near Vizhinjam, in line with the cargo forecast provided by Drewry. 
 
Stakeholders in the economic evaluation 
The economic benefits will be distributed over different stakeholders in different 
geographical locations/economies. In this analysis the following stakeholder and regions 
are assumed to be involved: 
 

• Consumers/Employees 
• Producers 
• Government/Public body 

 
The port authority is considered to be a public body. 
The analysis is both presented for India and for the state of Kerala separately. 
 
Categories of economic costs and benefits 
In the economic evaluation the following economic effects can be identified. 
 

• Direct costs and benefits generated by the port are described in section 13.2.2; 
The direct benefits cover the benefits to direct stakeholders involved in the port 
development, such as the customers, producers and the local or national 
government. The benefits are realized by a reduction of transportation costs or 
by economic benefits generated by the construction or operation of the port. 

 
• Indirect costs and benefits are described in section 13.2.3. These costs and 

benefits are the economic benefits in other sectors of an economy than in the 
port or logistics business. These benefits are for example realized by additional 
employment and additional economic activity in the region. 

 
• Externalities are described in section 13.2.4. Externalities cover the economic 

costs and benefits related to welfare and other social and environmental 
impacts. These costs and benefits should be taken into account in the overall 
appraisal of the project, however are not included in this high-level economic 
evaluation.  

 
Framework for direct costs and benefits 
The direct costs and benefits differ per type of cargo and destination. In the direct cost 
and benefit determination the following split is assumed: 
 

• Transhipment to India (outside Kerala) 
• Transhipment to Bangladesh and Pakistan 
• Gateway traffic to and from Kerala 

 
For the transhipment traffic the applied indicative relations between the tariffs applied 
and the financial and economic benefits is depicted in Figure 13-3 and Figure 13-4. 
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Figure 13-3 shows the allocation of benefits to end users (in India, Pakistan and 
Bangladesh) on one hand and to Kerala on the other. The difference in handling tariff for 
transhipment containers will fall to the end user outside Kerala. The margin between the 
revenues and the costs of handling containers will be partly a financial benefit and partly 
an economic benefit to Kerala. 
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(maintenance, 
energy and 

labour)

Transshipment 
tariff at 

Vizhinjam
(financial)

Transshipment
 tariff at Colombo
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Ecnomic benefit 
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Economic benefit
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Bangladesh 
or Pakistan)

Financial benefit 
terminal operator

 
Figure 13-3 Indicative relation between the tariffs and financial & economic benefits 
resulting from transhipment traffic 
When zooming in on the financial benefits for the terminal operator and the economic 
benefits for Kerala in the figure above, the structure in Figure 13-4 can be identified. The 
net profit of the terminal operator is included in the financial appraisal. The net transfer 
payments, concession payments and economic benefits from port operations form three 
categories of economic benefits resulting from handling containers. This figure holds for 
both the transhipment and gateway traffic 
.  
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Figure 13-4 Indicative relation between the financial revenues of the terminal operator 
and the economic price of container handling 
 
 

13.2 Economic Costs and Benefits 

13.2.1 General assumptions for the economic analysis 

For the economic evaluation the following assumptions have been made 
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• All costs are expressed in constant 2011 values and in US$.  
• Benefits of time reduction are not included in the high-level economic evaluation 

since these are assumed to be small. Sailing time and trucking time to the 
hinterland are assumed to be similar in the project case and base case. 

• The reductions in transportation costs caused by shorter sailing distances and 
more cost efficient transport are assumed to be marginal. 

• Considering the very competitive market situation savings in transportation costs 
are assumed to be completely passed on to the consumer/ end user and 
receiver of the container. 

• Additional traffic which is attracted to Vizhinjam due its competitive advantage of 
catering for vessels with a deeper draught or the reduced transportation costs 
are based on the traffic forecast provided by Drewry.  

 
13.2.2 Direct Costs and Benefits 

Transhipment traffic to India 
The direct impacts of the transhipment traffic to India and the beneficiaries are listed in 
Figure 13-2. 
 
The reduction of the container handling tariff for containers transhipped to India results 
in an economic benefit for the consumers in India. It is assumed that in a competitive 
market situation this discount is passed on to the end consumers. The size of this 
benefit is the difference between the container-handling tariffs in Colombo and 
Vizhinjam times the volume. 
 
The container handling at the terminal will generate economic benefits for Kerala state in 
the form of maintenance activities and energy consumption. The difference between the 
total costs of the OPEX and the opportunity costs of the OPEX (economic shadow price 
of the OPEX) results in an economic benefit. Labour is treated separately in the indirect 
benefits. The economic shadow prices (to exclude taxes, subsidies and other transfer 
payments) of the OPEX are assumed to be 0.9 of the market price. 
 
Table 13-1 Overview of economic impacts of transhipment traffic to India 

 

Overview of economic impacts      

    
Project effect India (incl 

Kerala) Kerala 
     
Direct Benefits      

 Transshipment to India      

 
Reduced Transshipment tariffs Discount offered 

by Vizhinjam x  

 Economic benefits from port operations 0.1 of OPEX/TEU x x 
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Transhipment to outside India (Pakistan, Bangladesh) 
Most of the economic benefits caused by a reduction in transportation costs for 
transhipment traffic to outside India will flow to the consumers in Pakistan and 
Bangladesh. Therefore these traffic flows destined outside India will not generate much 
economic benefits other than the costs of the OPEX over the opportunity costs of the 
OPEX (Table 13-2). 
 
Table 13-2 Overview of economic impact for transhipment to outside India 
Overview of economic impacts      

    Project effect 
India (incl 

Kerala) Kerala 
     
Direct Benefits      

 Transshipment to outside India (Pakistan, Bangladesh)  

 Economic benefits from port operations 
0.1 of 

OPEX/TEU x x 

     
 
Gateway traffic 
In Table 13-3 the economic impacts of gateway traffic are listed. The largest impact is 
the reduction in transportation costs from and to the hinterland. The gateway traffic will 
mainly consist of agricultural products. It is assumed that the prices for agricultural 
commodities are determined by the world market. Cost savings in transporting the 
goods will fall to the producers in Kerala as additional profit. Part of this will flow back to 
the government by tax payments. 
 
Attracting gateway traffic to Vizhinjam port will not generate economic benefits in port 
operations. The gateway traffic over Vizhinjam is rerouted traffic which is (mainly) 
shipped over Cochin in the base case. In Vizhinjam the same tariffs will be applied for 
gateway traffic as in Cochin. The net effect of rerouting traffic to Vizhinjam in 
combination with applying the same tariffs in both ports has a net effect of 0 on the 
economy. 
 
Table 13-3 Overview of economic impacts of gateway traffic 
Overview of economic impacts      

    
Project effect India (incl 

Kerala) Kerala 
     
Direct Benefits      
 Gateway traffic      

 
Reduction of hinterland transportation 
costs 

110 km /TEU 
0.8US$/TEU/km x x 
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The cargo in the primary hinterland of Vizhinjam port will be transported over a shorter 
distance than in the base case to Cochin. It is assumed that 85% of the gateway traffic 
in Vizhinjam port is destined or originating from Kerala. The main cargo centres in 
Kerala which will make use of Vizhinjam port are Trivandrum and Kollam. In addition 
traffic will be attracted from Kanyakumari which is outside Kerala. For cargo from Kerala 
the average distance reduction is estimated to be around 110km per TEU.  
 
The costs of trucking of a loaded TEU are assumed to be around 1.1 US$/km/TEU on 
average (average speed 50km/h). This rate is based on the rental rate of a truck in 
Kerala including hiring a driver, costs for fuel, taxes and a profit margin. In the project 
case the amount of kilometres over which the TEUs are being trucked will decrease. 
This will result in less business for the logistic sector in Kerala. To account for the 
decrease in economic activity in the logistic and related sector a reduction of the 
economic benefit of 0.3 US$/km/TEU is assumed. The net economic benefit is therefore 
assumed to be 0.8 US$/km/TEU. 
 
Direct payments to the government 
Direct (transfer) payments to the government can be seen as economic benefits 
resulting from the port operations. It can be considered as the public part of the profit 
resulting from the port operations. These direct payments can be in the form of 
payments from the concessionaires (tax payments and lease fees) or from customers of 
the port (berth dues and port dues). 
 
The direct payments to the government are financial cash flows included in the financial 
appraisal for the public sector. In this case these cash flows do not form an incremental 
economic benefit. In the financial appraisal for the private sector the direct payments 
form costs for the private sector. Considering the project from a private point of view, the 
direct payments to the government form an economic benefit for the government of 
Kerala. 
 
In the financial appraisal the lease fees and tax payments are costs for the terminal 
operator. The net profit of the terminal operator is a financial benefit on which the 
financial feasibility is based. Payments by the concessionaire to the government of 
Kerala are the lease fees and the corporate tax. These cash flows to the government 
follow from the financial appraisal made by the IFC. Revenues from the berth dues and 
port dues in a landlord model generally fall to the public sector. 
 
Table 13-4 Overview of economic impacts of concession payments 
Overview of economic impacts      

    Project effect 
India (incl 

Kerala) Kerala 
     
Direct Benefits      
 Concession payments      
 Concession lease fees  x x 
 (Corporate) Tax payment by concessionaires  x x 
 Revenues from berth dues and port dues  x x 
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Construction 
The construction will generate additional economic activity in the region. Benefits form 
these activities will fall to the producers, consumers and to the government. In the 
economic analysis a difference is made between costs which are expected to be 
incurred in Kerala, in India and outside India. Costs made within the considered 
economy (India or Kerala) are included as economic costs. The economic costs 
represent the opportunity costs of the inputs for the economy (excluding taxes, subsidies 
and other transfer payments). No economic benefits or costs due to exchange rate 
effects are included in the study. 
 
To convert the financial costs of the investment into economic costs, a shadow rate of 
0.9 is assumed on the market prices. Costs outside the considered economy are 
included in the analysis as financial costs. It is assumed that the equipment is acquired 
from outside India as well as the dredging works. Utilities are assumed to be acquired in 
India outside Kerala state. 
 
Table 13-5 Overview of economic impacts of construction 
Overview of economic impacts      

    Project effect 
India (incl 

Kerala) Kerala 
     
Direct Benefits      
 Construction      

 
Economic benefits during construction of 
port 

0.1 of market 
prices if locally 

sourced 
x x 

        
 

13.2.3 Indirect Benefits 

The indirect economic benefits are benefits in other economic sectors than the port 
sector or logistics sector which are generated by the development of the port. Two major 
sources for indirect benefits are: 
 
• Direct employment in the port will result in additional labour income that is taxed 

and that tax will cause contribution to the government.  
• Incremental economic activity due to a reduction of the transportation costs 

will result in additional corporate profit. This profit is taxed via the corporate tax, 
which will be a contribution to the government. 
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Table 13-6 Overview of the economic impacts of indirect benefits 

 
 
The number of employees is described in more detail in 12.4.2. In this section a 
distribution is made for overhead FTEs and operational FTEs. Overhead FTE's 
are assumed to increase with 1/3 when the throughput the terminal doubles. Operational 
labour is directly linked to the equipment numbers. This will result in a number of FTEs 
which are required to run the container terminal. Salaries are typical Indian salaries 
based on experience project in the region (internal information: JNPT in Mumbai) and on 
figures supplied by our Indian office.  
 
The direct employment at the port causes additional consumption in the region. The 
shadow wage rate (SWR) reflects what the alternative income of the employees is in the 
base case scenario. The labour employed at the port is assumed to have a shadow 
wage rate of 0.6. Therefore the economic benefits from are assumed to be 0.4 of the 
labour costs. The spending multiplier on the direct employment benefits is assumed to 
be 1.5,�to account for the fact that these salaries are spend in the region which results in 
income for the butcher, bakery, painters etc. The organisational structure and 
employment in the port are treated in chapter 12.4.2. 
 
Due to the reduction of the transportation costs, the demand for the shipped goods will 
increase. This incremental economic activity will cause additional economic output.  
For transhipment containers the transportation costs will decrease with the discount 
offered by Vizhinjam port. It is assumed that the average value of a transhipment 
container to have a FOB11 value of around $15,000. Hence the drop in the handling tariff 
will effect in a 0.2% price decrease for the consumer. With an estimated demand 
elasticity of -2 the transhipment traffic increase is estimated to be around 0.4%. This 
results in around 800 TEU in 2020. The economic shadow rate of the container is 
assumed to 0.9 of the CIF12 value. For the calculation of the economic benefit for the 
consumer or producer the rule of one half is applied. This rule is commonly used for the 
valuation of incremental economic activity. 
 
For the gateway traffic the reduction in the hinterland transportation costs causes a 
decrease in the total price of a container. For gateway cargo transporting agricultural 
commodities the total value of a container is estimated to be $10,000. This results in a 
price decrease of 0.4%. The demand for gateway traffic is expected to rise with 0.8% 

                                                   
11 Free On Board value represents the value of the goods before transhipment of the containers 
12 Costs, Insurance and Freight value represents the value for a consumer including all the costs of the 
supply chain. 

Overview of economic impacts      

    Project effect 
India (incl 

Kerala) Kerala 
     
Indirect Benefits      
 Employment      

 
Benefits from direct employment in the 
port 

0.4 of Labour costs 
Spending multiplier 1.5 x x 

 
(Incremental) economic activity 
transshipment India 0.4% additional traffic x  

 
(Incremental) economic activity gateway 
Kerala 0.8% additional traffic x x 
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due to the transportation cost reduction (assuming a demand elasticity of -2). This 
results in around 1200 TEU in FY2020. The economic shadow rate is assumed to be 0.9 
of the f.o.b. value. For the calculation of the economic benefit for the consumer or 
producer the rule of one half is applied. 
 

13.2.4 Externalities 

Externalities are the impacts on the national or regional welfare caused by the project. 
The social and environmental impacts on the community (e.g. vibrations, emissions, 
overall safety, navigational safety, impact on nature) can have negative or positive 
consequences for the society which then result in economic costs or benefits. These 
costs or benefits are falling to the consumers and producers affected by the port project. 
 
The social and environmental impacts will be qualitatively assessed in the ESIA. The 
impact of these externalities should be included in the overall more detailed appraisal of 
the project [outside the scope of this study]. 
 

13.2.5 Non-quantified benefits 

Not all costs and benefits can easily be expressed in monetary terms. It should be noted 
that besides the benefits identified in the previous paragraphs there are also non-
quantifiable benefits. For example potential benefits may be: 
 

• Strengthening the role of South-India as transhipment hub 
• Attracting other maritime business in the future 
• Sense of economic progress and pride among the people of Kerala 
 

These sorts of benefits are not quantified nor taken into account in the evaluation of the 
high-level economic viability of the port development. 
 
 

13.3 Results 

In this paragraph the net incremental economic benefits on top of the private financial 
appraisal are listed. The assumptions for the determination of the impacts were 
described in the previous section. In paragraph 0 the part of the economic benefits 
which will result in a financial contribution to the government are listed. 
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13.3.1 Overview of the net incremental economic benefits 

Table 13-7 Overview of the net incremental direct and indirect economic benefits 
  
Overview of the net incremental economic 
benefits 
  

Economic Benefit 
India (incl Kerala) 

Economic Benefit  
Kerala 

        

 
NPV(2011) 
In Mio US$ 

NPV(2011) 
In Mio US$ 

     
 Incremental Direct Economic Benefits   
  Transshipment to India   
  Reduced Transshipment tariffs 41 - 
  Economic benefits from port operations 6 6 
     
  Transshipment to outside India (Pakistan, Bangladesh) 
  Economic benefits from port operations 3 3 
      
  Gateway traffic   
  Reduction of hinterland transportation costs 55 46 
     
  Concession payments   
  Concession lease fees 0 0 
  (Corporate) Tax payment by concessionaires 29 29 
  Revenues from berth dues and port dues 8 8 
  Construction   
  Economic benefits during construction of port 38 37 
      
 Incremental Indirect Economic Benefits   
  Employment   

  
Benefits from direct employment at the 
terminal 18 18 

      
  Incremental Economic activity due to reduced transportation costs 
  Reduced transshipment cost to India 4 - 
  Reduced hinterland transportation costs 5 5 
      
 Total 207 152 
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13.3.2 Financial contribution to the government 

Part of the economic benefits will fall to the government in the form of transfer 
payments like taxes or concession fees. In this section on a high-level the financial 
contributions to the government following from the economic benefits are presented 
(see  
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Table 13-8). 
 
Economic costs and benefits, which fall to different stakeholders, are taxed differently. 
For determining the financial contribution to the governments the following assumptions 
are made. 
 

• VAT rate for consumers is 12.5% 
• Corporate tax rate for producers is 30% 
• Average income tax for employees is 25% 

 
When converting the financial prices of the construction and operations to economic 
prices, half of the difference is assumed to result from transfer payments to the 
government. Direct payments to the government are direct contributions. 
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Table 13-8 Overview of the financial contribution to the government generated by the 
economic benefits 
 

 

                                                   
13 Based on Financial Model of the IFC, landlord structure 

 Overview of the financial contribution 
generated by the economic benefits 
  

Beneficiary 
all Gov. 
in India 

(incl Kerala) 

To Gov. of  
Kerala 

        

  
NPV(2011) 
In Mio US$ 

NPV(2011) 
In Mio US$ 

      
 Incremental Direct Economic Benefits    
  Transshipment to India    
  Reduced Transshipment tariffs Consumers - 5 - 

  
Economic benefits from port operations 

Consumers, 
producers and 
public sector 

3 3 

      
  Transshipment to outside India (Pakistan, Bangladesh) 

  
Economic benefits from port operations 

Consumers, 
producers and 
public sector 

2 2 

       
  Gateway traffic    

  
Reduction of hinterland transportation 
costs Producers 16 14 

      
  Concession payments13    
  Concession lease fees Public sector 0 0 

  
(Corporate) Tax payment by 
concessionaires Public sector 29 29 

  Revenues from berth dues and port dues Public sector 8 8 
  Construction    

  

Economic benefits during construction of 
port 

Consumers, 
producers and 
public sector 

19 18 

       
 Incremental Indirect Economic Benefits    

  Employment    

  
Benefits from direct employment at the 
terminal 

Consumers/ 
Employees 4 4 

       
  Incremental Economic activity due to reduced transportation costs 
  Reduced transshipment cost to India Producers 1 - 
  Reduced hinterland transportation costs Producers 2 2 
 Total  79 80 
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13.3.3 Summary 

In Table 13-9 the overview of the economic benefits and financial contributions are 
given. From this table can be seen that part of the economic benefits fall to India outside 
Kerala. The difference between the total economic benefit and the financial contribution 
to the public sector shows that a large share of the benefits falls to the consumers and 
producers. These two groups benefit from lower transportation costs and hence 
additional consumption and additional profit for producers in the region. On top of this 
the consumers benefit from additional income due to employment. 
 

Table 13-9 Overview of the economic benefits and contributions to the government 

 
 

 Overview of the incremental economic benefits 
  

all Gov. 
in India 

(incl Kerala) 

To Gov. of  
Kerala 

       

 
NPV(2011) 
In Mio US$ 

NPV(2011) 
In Mio US$ 

Total Economic Benefits 207 152 
Financial Contribution to public sector 79 80 
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APPENDIX B. CONCEPTUAL LAYOUT DRAWING 
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APPENDIX C. DRAWINGS CONCEPTUAL DESIGN QUAYWALLS 
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APPENDIX D.  DRAWINGS CONCEPTUAL DESIGN BREAKWATER AND 
REVETMENTS 
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APPENDIX E. QUARRY INVESTIGATION 

This section of the report comprises an assessment of possible quarries which can be 
used for sourcing construction and fill materials for the Vizhinjam Deep Sea Port project. 
The following issues are discussed: 
 

� Location of quarries 
� Quarry characteristics 
� Assessment of quarries  
� Next steps 

 
 
Location of Quarries 
The Department of Mining and Geology made a study in 2007 and 2008 entitled “Study 
on Availability of Granite (Building Stone) for the Construction of Vizhinjam International 
Container Transhipment Terminal and related infrastructure by VISL”.  
 
This study shows clusters of available private and government owned quarries and 
quarry areas within the State of Kerala (refer Figure 13-5 overleaf). This department is 
responsible for issuing licences for quarry operators as well as to transport companies. 
They regularly inspect quarries and assess requests for new quarries. 
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Figure 13-5: Location of Kerala clusters with quarries (private and government owned) 
[Source: Department of Mining and Geology] 
 From North to South these clusters (varying in size) are: 
 

� Pallikkal 
� Chammanruthy 
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� Karavaran 
� Kadavila / Elampa-Mudakkal & Nallanad 
� Thekkada 
� Ayirupara 
� Mayainkish / Malayan 
� Perunkadavila 
� Panachamood 

 
For this project the following quarry clusters in Kerala State have been visited by Royal 
Haskoning in July 2010 together with representatives from the Department of Mining 
and Geology and VISL: 
 

� Karavaram 
� Kadavila  
� Malayan 

 
In addition, the Thakala quarries in Tamil Nadu State have been visited by Royal 
Haskoning and VISL staff. 
 
 
Quarry Characteristics 
For each of the visited quarry clusters the following aspects are described: 
 

� Location and ownership 
� Capacity and production 
� Equipment and operations 
� Transport to Vizhinjam 
� Costs  
� Availability 

 
 
Karavaram Quarries 
Location and ownership 
The Karavaram quarries are located in the northern part of Kerala State (refer Figure 
13-6) at some 65 km from Vizhinjam. There are a number of smaller quarries within this 
area, mostly private owned within government land in between.    
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Figure 13-6: Location of Karavaram quarries 
[Source: Department of Mining and Geology] 
 
Capacity and production 
The quarries (refer Figure 7) produce various gradings of materials with one quarry 
producing large blocks of over 1 m3. The total capacity of these quarries has been 
assessed at some 0.5 million m3, which would not be sufficient to meet the requirements 
for Phase 1 of the Vizhinjam project. However, there are many potential quarries to be 
developed. 
 
Equipment and operations 
Equipment observed at these quarries included hydraulic and air driven drilling units, 
tractors and smaller equipment. Quarries are reported to be operational during daytime 
only. Transport of the quarry material is all by small and medium sized trucks.  
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Transport from quarry Roads leading quarry 

  
Equipment at quarry Various block sizes at quarry 
Figure 13-7: Pictures of the Karavaram quarries 
[Source: Royal Haskoning] 
 
Transport to Vizhinjam (land, sea) 
The transport distance to the Vizhinjam project site is some 65 km. Alternatively, quarry 
materials could be transported over a distance of some 17 km by truck to a sea shore 
based barge loading station (to be constructed). 
 
It is to be noted that secondary and tertiary roads in Kerala State are rather narrow and 
not suitable for heavy truck loads. Further, several villages and small towns have to be 
passed on the way to Vizhinjam. See pictures below. 
 
Costs  
The costs for procuring quarry materials and subsequent transport to Vizhinjam are 
reported at 2,000 Rupee / metric ton.  
 
Availability 
Since these quarries are in operation at present the timely availability of construction 
materials for the Vizhinjam project seems not an issue. 
 
 
Kadavila Quarry 
Location and ownership 
The Kadavila quarry is located at the western side of the Elampa-Mudakkal & Nallanad 
quarry cluster (refer Figure 13-8) and is government owned. Some pictures of this 
quarry are included in Figure 13-11. There are some small private quarries nearby.  
 

 
Figure 13-8: Location of Kadavila quarries [red dot] 
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[Source: Department of Mining and Geology] 
 
Capacity and production 
The capacity of this quarry is considerable and estimated at over 5 million m3. The size 
of the quarry area is sufficient to fully meet the requirements for the Vizhinjam project.  
 
Equipment and operations 
The equipment at these quarries includes hydraulic drilling units, tractors and smaller 
equipment. Quarries are reported to be operational during daytime only.  
 

  
View on Kadavila quarry View on Kadavila quarry 

  
Quarry road Access route to quarry 

  
Creek nearby Kadavila quarry Creek nearby Kadavila quarry 
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Creek nearby ocean Entrance to backwaters 
Figure 13-9: Pictures of the Kadavila quarries 
[Source: Royal Haskoning] 
 
Transport to Vizhinjam (land, sea) 
The transport distance to Vizhinjam from this quarry area is some 17 km by road. 
However, as the above mentioned quarries, transport by road will be restricted due to 
the size of roads and the adjacent residential areas. Therefore, direct transport of quarry 
material to a coastal based barge station would have significant impacts on roads and 
villages and is therefore not preferred. 
 
An alternatively option might be to transport the quarry materials via a new road – still be 
to be constructed – over a distance of some 3km to 4km to the nearby 50+m wide creek 
(refer Figure 13-10).  
 

 
Figure 13-10: Location of Kadavila quarries [red dot] and possible barge station [blue 
dot] 
[Source: Google Earth, Royal Haskoning] 
 
Here, a barge loading station could be constructed for onward transport to the coast or 
directly to the project site. Based on our visual inspections this creek seems to be wide 
and deep enough to accommodate reasonably sized barges. However, this needs to be 
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confirmed later on in the project through surveys would this quarry be selected by the 
winning Contractor.  
 
 
Costs  
The procurement costs for the quarry materials at the government quarry are reported to 
amount to 16 Rupee / metric ton for the government. Transport costs to the project site 
by road are reported to amount to 2,000 Rupee / metric ton. 
 
Availability 
Being a government owned quarry area the availability is not an issue at the moment. 
 
 
Malayan Quarries 
Location and Ownership 
The Mayalan quarries (the western part of the Mayainkizh cluster) are located at some 
25km (by road) NNE from Vizhinjam (refer Figure 13-11). 5 private quarries in this area 
have been visited owned by amongst others the Kerala State Electricity Board (KSEB), 
K K Rocks, etc.  
 

 
Figure 13-11: Location of the Malayan Quarries 
[Source: Department of Mining and Geology] 
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Capacity and Production 
The visited quarries vary in size and have therefore different production capacities. 
Roughly, there are some 500 acres of private owned quarries permitted and also some 
500 acres of governmental quarries. A rough estimation learns that there will be another 
1,000 acres suitable for quarrying. It is beyond question that the visited quarries can 
produce sufficient quantities meeting Vizhinjam project requirements 
 
The quarries operate in general 12 hours per days and 6 days per week depending on 
market demands. Destinations of the quarry material are several construction sites in 
the Greater Trivandrum area.  
 
Quarry Equipment and Operations 
Dynamite is used to blast the rock at most of the quarries. Hydraulic or pneumatic 
drilling units are used to break large rocks into smaller pieces. Backhoe cranes are used 
to load onto small or medium sized trucks for onward transport to final destinations or to 
grinding and sieving machines nearby. At some of the quarries bulldozers and tractors 
are used for handling rock (refer Figure 13-14).  
 
No test reports could be made available at any of the quarries visited. It has been 
observed that rock sizes vary from large blocks to small grinded sizes ranging from 
6mm, to 12mm or 20mm. Quarry owners reported that in any size of rocks can be 
produced. 
 
Trucks used for transport to final destinations range from 3 tons to 7/8 tons up to 
occasionally 18/20 tons. The majority is small to medium sized trucks in view of the 
narrow and winding roads from the quarries to Trivandrum area. 
 

  
Typical quarry equipment  Overview of a quarry 

  
Truck waiting at quarry Truck carrying quarry material 
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Grinding installation Truck loading at grinding mill 

 

 

Road leading to Trivandrum  
Figure 13-12: Pictures of Malayan quarries 
[Source: Royal Haskoning] 
 
Transport to Vizhinjam 
The transport distance from the quarries to the construction site of the new port at 
Vizhinjam is some 25+km by road. At the quarries the roads are narrow, unpaved and 
one-way with a number of passing places. All these roads are connected to two-lane 
paved roads after some 1km to 3km with some narrow sections (refer Figure 13-14). 
From these quarries there are no nearby rivers or backwaters that can be used for the 
transport to the project site. 
 
 
Transport Costs 
Transport costs to the project site are quoted by the owners at 800 to 1,000 Rupees for 
3 tons trucks; some 1,600 Rupees for 5 tons trucks , and about 3,000 to 3,500 Rupees 
for 7/8 tons trucks: or some 330 Rupees per ton.  
 
It is to be noted that these prices are understood to be applicable for relatively small 
quantities. In case larger quantities are needed, upgrading and widening of roads will be 
required especially for the unpaved roads. For these quarries the trucks will pass a 
number of villages as well as the outskirts of Trivandrum city.  
 
Availability 
All quarries inspected are in full operations and have sufficient quantities.  
 
 
Thakala Quarry 
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In addition to the quarries located in Kerala State also some quarries at Thakala in Tamil 
Nadu State have been visited as these were suggested in the consortium / contractor 
back in 2005.  
 
Location and Ownership 
The Thakala quarries are located some 70km from Trivandrum by road. The distance 
from these quarries (refer Figure 13-13) to the port of Colachel is some 25km. 3 quarries 
in this area have been visited all privately owned; two are in operation and one is still a 
green-field site.  
 
 

 
Figure 13-13: Location of Thakala Quarries in Tamil Nadu 
[Source: Google Earth, Royal Haskoning] 
 
Capacity and Production 
The green-field quarry (refer Figure 13-14) consists of a large rock outcrop and has 
sufficient capacity for the Vizhinjam project. Also the two existing quarries are reported 
to have each a sufficient capacity for the project needs. Production figures for the latter 
two quarries are relatively low and serve present market demands, including the 
construction of the new breakwater at the fishery port of Colachel. Quarries are 
understood to operate on a 12 hours per day basis for 5 to 6 days per week  
 
Quarry Equipment and Operations 
Also for these quarries dynamite is used to blast the rock and hydraulic units are used to 
break large rocks into smaller pieces. Backhoe cranes are used to load small or medium 
sized trucks for onward transport. Further bulldozers and tractors are used for handling 
rock. No test reports could be made available at the quarries visited. It has been 
observed that rock sizes vary from large blocks to small grinded sizes  
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New private quarry Road leading to new quarry with irrigation canal 

  
Private quarry in operation Private quarry in operation 

  
Crossing quarry road with SH 180 SH 180 
Figure 13-14: Pictures of the Thakala quarries 
[Source: Royal Haskoning] 
 
Transport to Vizhinjam 
The only feasible way to transport quarry materials to the project site in Vizhinjam would 
be to truck the rock materials to Colachel over a distance of 25km and then barge from 
there to Vizhinjam over a distance of over30 km. 
 
The narrow and unpaved road from the quarries to the paved SH 180 is some 3 km. 
Widening this access road can only be done at the northern side as there is an irrigation 
canal on the other side (refer Figure 13-14). This widening would be expensive as large 
fill is needed. The SH 180 is a two lane road leading to the port of Colachel. Transport of 
trucks is reported to be restricted to night only, although trucks carrying rocks were 
observed during daytime.  
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At Colachel there is a finger pier consisting of a deck on piles (refer Figure 13-15). This 
pier is open to the ocean and therefore not suitable for barge loading in view of the high 
waves. Further, there is no area for interim stockpiling of the quarry materials.  
 

 

 

Finger pier at Colachel  

  
New breakwater at Colachel Port Fishing vessels beached in Colachel Port 
Figure 13-15: Pictures of the Thakala quarries 
[Source: Royal Haskoning] 
 
The fishing port at Colachel is now being protected by new breakwaters (under 
construction). This port is rather shallow and serves as mooring place for small fishing 
boats. This port is considered not directly suitable for the loading of barges with rock 
material as this would have a strong impact on the fishing activities.  
 
Therefore, a new temporary construction harbour would need to be made for the 
transfer of quarry materials from trucks onto barges. It is under stood that acquiring a 
permit to do so would be rather cumbersome 
 
Transport Costs 
The costs for transporting the rock from the quarry to Colachel port are reported at 1,500 
Rupee per ton.  
 
Availability 
Opening up a new quarry and constructing / widening the access roads may need some 
time: some 1 to 2 years. The existing quarries can be used almost immediately, but also 
here road improvement works are required as reported above.  
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Assessment of Quarries 
The visits to a number of potential quarries for the Vizhinjam Deep Water Port lead to 
the following observations: 
 

� There are sufficient quarries in Kerala State where fill and construction materials 
can be sourced from for the construction of the Vizhinjam port 

� In general, these quarries have sufficient volumes / capacities of materials of 
required construction qualities  

� Distances to the project site vary between 20 km and 50+km  
� Transport to the port site by trucks can be cumbersome in view of the narrow 

and sometime winding roads running through villages and cities 
� Quarry roads needs improvement to accommodate the large number of trucks 
� Preferred transport option would be by barge from quarry to port site. In this 

respect the Kadavila quarry offers the best opportunities, in this case additional 
infrastructural works are needed. 

� Procurement (i.e. royalty) costs of materials are lowest for government owned 
quarries (15 Rupees / ton) 

� During construction of the port some 300 trucks per day are needed, 
unavoidably this will lead to clogging of the already busy streets  

� Noise and exhaust gasses will lead to social and environmental issues in this 
densely populated area. 

 
 
Next Steps 
The following steps have now to be undertaken by the winning Consortium: 
 

� Selection of preferred quarry or quarries for the project (requirements will be 
indicated in the tender documents) 

� Conclude contracts with quarry owners 
� Implement and monitor mitigation measures as follows from the permits of the 

selected quarries  
� Implement and monitor mitigation measures as follows from the ESIA for 

Vizhinjam port. 
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APPENDIX F. NEARSHORE WAVE CONDITIONS BEFORE AND AFTER 
PORT CONSTRUCTION  

Present situation nearshore wave conditions, overall sea state 

 

 
  

   

   
 
Future harbour layout nearshore wave conditions, overall sea state 
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APPENDIX G. WAVE MODELLING STUDY 
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1 INTRODUCTION 

Near Vizhinjam at Kerala India a new port is planned. As part of the Concept Design 
Study by Royal Haskoning, a wind and wave study has been carried out. The results of 
this study are used to determine design conditions for the new port, and to determine 
overall sea state conditions within the future port. 
 
During the monsoon season, the future Vizhinjam Port will be exposed to waves and 
winds coming from the west and south-west that may cause the disruption of the loading 
and unloading operations in the port. From the south, waves may penetrate the future 
harbour and cause downtime. Cyclones may occur relatively near to the port area, 
causing high waves and wave loads on the future breakwaters that will be build to 
protect the port area.  
 
Approach 
This study describes the translation of offshore wave conditions to nearshore wave 
conditions, for the overall sea state and for extreme conditions. For the overall sea state, 
hindcast wave and wind data were used. As cyclones play an important role in the 
determination of design conditions of the breakwater and harbour as well as downtime, 
these have been investigated individually. The Argoss data does not include cyclone 
data. Therefore, literature values [5] for extreme wave heights were used as offshore 
conditions. The wave model that was used to translate the offshore to nearshore 
conditions is the SWAN (Simulating WAves Nearshore) model.  
 
Description of modelling work 
A wave simulation SWAN model was setup. As the latest version of SWAN includes 
diffraction, no other wave disturbance models especially developed for harbours (such 
as DIFFRAC or PHAROS) had to be set up. An additional advantage to use a single 
model is that the wave climate inside the harbour can be determined more accurately. 
 
An outer computational grid was developed to translate the offshore waves to the area 
in the vicinity of the port. A detailed computational grid was nested within the outer grid 
and was used to calculate the wave conditions inside the harbour, taking into account 
typical harbour wave processes such as diffraction, reflection and transmission.  
 
The first activities for the wave modelling were to collect the bathymetric and the 
offshore metocean data. After the basic setup of the wave model, its coefficients and 
bottom schematisation were made. To translate offshore wave conditions to nearshore 
wave conditions, all possible (reasonable) combinations of offshore conditions were 
computed with the SWAN model to find the related nearshore conditions in a fixed 
nearshore point. The relation between offshore and nearshore conditions was stored in 
a so called transformation matrix (for each point individually). Once the transformation 
matrix is known, for all possible offshore conditions the nearshore value can be found 
using the transformation matrix. 
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For the derivation of the normal and the extreme wave conditions, the following 
procedure has been followed: 
 
Normal wave conditions 

1. Analysis of the offshore wind and wave data. 
2. Derivation of the matrix of boundary conditions for the normal conditions for the 

wave model. The matrix nodes are chosen such that they give an optimal 
coverage of the offshore winds and waves. 

3. SWAN simulations of the nearshore wave conditions based on the matrix of 
offshore wave conditions used to derive the nearshore wave conditions. 

4. Creation of the transformation matrices from the matrix of wave transformation 
calculations for various locations inside the port area. 

5. Translation of the time series of offshore wind and waves to nearshore using the 
transformation matrices. 

6. Derivation of the nearshore wave climate. 
 
Extreme wave conditions 
The extreme conditions were calculated by assessing the extreme wind speed and 
offshore wave-height during design conditions. These were then translated to nearshore 
using the SWAN model. 
 
Design wave and wind conditions as well as down-time analyses are derived for several  
key locations (10)within the port area. For the present situation these are shown in figure 
1-1. 
 

 

Point X Y 

1 719215.53 926258.93 

2 719476.59 926132.14 

3 719187.58 925806.29 

4 720037.79 924638.80 

5 720797.13 923769.03 

6 720293.78 924889.14 

7 720440.66 925001.58 

8 720227.83 925279.40 

9 720045.40 925517.52 

10 719159.44 924097.10 

Figure 1-1: Key locations in the port area. 

 
Additional information and modelling results can be found in the Appendices. 
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2 CONVENTIONS AND DEFINITIONS 

Units 

All parameters and variables have units according to international SI conventions. 

Wind- and Wave directions 

All directions referred to in this study are given in nautical convention, which means that 
for wind and waves the direction refers to the direction where the wind or waves are 
coming from and measured positive in degrees from true north. This means that waves 
from a direction of 0oN are coming from the north and waves with direction 270oN are 
coming from the west. 
 
Interpretation of wind- and wave roses 

Wind- and wave roses provide a quick way of summarizing the directional wind- and 
wave condition statistics. The number in the centre of the rose represents the 
percentage of the time that calm conditions occur. The length of an arm of a rose 
represents the percentage of the time that winds or waves come from the direction 
sector that the arm points in (see the bar scale in figures presenting roses which 
indicates the percentage represented by unit length).  

 
Figure 2-1: Example of wave height rose. 
 
The length of each section of the arm represents the percentage of the time that winds / 
waves come from that direction and occur in a given speed or height class. The height 
or speed class is indicated by the fill colour of a section of the arm. 
 
Projection 
In this study a Transverse Mercator WGS 1984 UTM Zone 43N projection is used. 
The local Datum is +0.55 m with respect to the Lowest Astronomical Tide, however all 
modelling results are presented with respect to a +0 level. Bathymetric data from 
different sources has been adapted to match the projection and the model datum of +0 
m.  

Hs (m) 
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3 DATA SOURCES 

Relevant data has been gathered from the sources that are listed in table 3-1. 
 
Table 3-1: Overview of available data. 

Name Source Period  Parameters 
C-map OceanView 2001 - Bathymetry data 
L&T Rambøll Bathymetric Iso Lines 

and shore line 
- Bathymetry data 

Offshore position,  
8° LAT, 76.25° LON. 

Hind-cast data 
provided by Argoss 

Jan 1992- Dec 2009 Waves & Wind data 

 
Argoss wind- and wave data are derived from the 3rd generation hindcast wave model 
WaveWatch III (Argoss, 2005). Argoss has setup a model with a resolution of 2½˚x2˚ on 
the open ocean and 1¼˚x1˚ in coastal zones of about 1000km wide. The model uses 
ice- and wind-data provided by the National Center of Environmental Prediction (NCEP), 
the marine modelling branch. The global model provides data along the coasts of the 
larger oceans and is the source for boundary data for regional models around the world. 
The global model provides 3-hourly time series of wave spectra covering a period of 
seventeen years (1992-2009).  
 
The wave model spectra are corrected with observed altimeter wave height (just like 
SAR spectra). The model is validated for an extensive data set of satellite- and 
buoydata, see ref [1]. 
 
The hindcast model data (52600 records, 3 hourly from the period 1992 - 2009) were 
extracted for a location at 90 km offshore of Vizhinjam, at 8 degrees LAT, 76.25 LON. 
This location is representative for the offshore boundaries of the outer grid of the wave 
model.  
 
The data set contains the following parameters: significant wave height (Hs), wind speed 
(U10), Wave direction, Wind direction, Mean zero crossing period (Tz) and the mean 
wave period (Tm-1,0). The spectral based mean wave period Tm-1,0 is related to the wave 
peak period in fully developed seas as follows (Pierson-Moskowitz spectrum): 
 
Tp = 1.17·Tm-1,0         (1) 
 
This formula was used to calculate the wave peak periods.  
Wave parameters are provide for sea, swell and combined sea and swell sea states. 
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4 BATHYMETRY & TOPOGRAPHY 

Basis for the creation of a bathymetry data file is the C-map Oceanview data. Figure 4-1 
shows the resulting bathymetry in GIS. In the “detail zone” additional detailed L&T 
Rambøll data has been added to increase accuracy within the port zone.  
 

  
Figure 4-1: Bathymetry 
 

Detail 
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The detailed area is shown below. The shoreline and Vizhinjam harbour protection is 
visible in the figure. 
 

 
Figure 4-2: Bathymetry detail, data points are shown in brown. 
 
 
Figure 4-3 shows the SWAN bathymetry resulting from the GIS data. In SWAN, the 
bathymetry has a 20x20 meter resolution in SWAN.
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Figure 4-3: Bathymetry in the SWAN  model 
 
 



 
 
 
 
 
 
 

9V7976A0/R00001/419740/Nijm  South India Port PPP Project 
18 August 2010 - 8 - Final Report 

 

5 WIND OVERALL SEA STATE 

5.1 General 

In the Vizhinjam area both normal wind conditions and cyclones affect the design 
conditions for the future harbour. The normal wind conditions are relevant to determine 
harbour downtime and normal operating conditions.  
 
Cyclones are relevant for the design criteria for the harbour and its breakwaters. Since 
no data on cyclones is available for this study, effects of cyclones are adapted from [5], 
and are discussed in detail in the wave section (chapter 6). 
 
To clarify the values given in this report wind speed is related to the Beaufort scale in 
Appendix 3. 
 

5.2 Wind overall sea state all year 

The overall sea state in the hindcast data does not include the most severe conditions 
that occur during cyclones or intense storms. This is because these storms have a 
relatively small scale compared to the spatial resolution of the model used to produce 
the hindcast data. The predominant all year wind- and wave direction is between 240o 
and 315o where approximately 90% of the waves and 54% of the wind come from. The 
highest wind speeds are about 15 m/s with a 10% exceedance of wind speeds over 7.5 
m/s.  
 

 
Figure 5-1: Offshore wind speed, all year. 
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5.3 Wind overall sea state Monsoon period 

During the Monsoon period, from May to September the wind direction is predominantly 
from 225o to 345o, of which 50% from 255o to 285o. Wind speeds are slightly higher than 
during the non-monsoon season but windspeeds in the Argoss hindcast data do not 
exceed 15 m/s. 
 

 
Figure 5-2: Offshore wind speed, Monsoon period. 
 



 
 
 
 
 
 
 

9V7976A0/R00001/419740/Nijm  South India Port PPP Project 
18 August 2010 - 10 - Final Report 

 

5.4 Wind overall sea state Non-Monsoon period 

During the Non-Monsoon season, from October to February, wind direction varies 
strongly. The most dominant directions are West and Northeast. Over 50% of all wind 
speeds are lower than 4 m/s in this season. 
 

 
Figure 5-3: Offshore wind speed, Non-Monsoon period. 
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6 OFFSHORE WAVES 

6.1 Argoss offshore data 

Offshore wind and wave data has been purchased from BMT Argoss. Argoss wind- and 
wave data are derived from the 3rd generation hindcast wave model WaveWatch III 
(Argoss, 2005). Argoss has setup a model with a resolution of 2½˚x2˚ on the open 
ocean and 1¼˚x1˚ in coastal zones of about 1000km wide. The model uses ice- and 
wind-data provided by the National Center of Environmental Prediction (NCEP), the 
marine modelling branch. The global model provides data along the coasts of the larger 
oceans and is the source for boundary data for regional models around the world. The 
global model provides 3-hourly time series of wave spectra covering a period of 
seventeen years (1992-2009).  
The Argoss offshore point is located at 8 degrees LAT and 76.25 degrees LON, 
approximately 90 km off the coast.  
 

 
Figure 6-1: Argoss Offshore location (appr. 90 km offshore). 
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6.2 Wave height 

The highest waves from the data set are as high as 4 to 5 meter and 10% exceed about 
2.3 meter. Wave heights are strongly correlated to wind speed for large wave heights, 
whereas swell waves are poorly correlated. Swell waves coming from the south – south 
westerly direction are predominant in the wave rose. Waves coming from the north are 
very rare but do exist. Waves of about 1m are most frequent (around 20% of all waves 
are between 1m and 1.25 m). 
 

 

Dir 

(Deg) -15 15 45 75 105 135 165 195 225 255 285 315 All 

Hs (m) 15 45 75 105 135 165 195 225 255 285 315 345 classes 

0 0.25             0.00 

0.25 0.5    0.01 0.01 0.01 0.02 0.02     0.06 

0.5 0.75   0.01 0.06 0.39 1.15 1.43 0.39 0.14 0.06 0.04 0.01 3.67 

0.75 1 0.02 0.03 0.04 0.60 2.13 4.97 8.24 1.98 0.55 0.30 0.16 0.04 19.06 

1 1.25  0.01 0.04 1.37 2.55 3.79 8.88 2.95 1.08 0.50 0.12 0.02 21.30 

1.25 1.5   0.02 0.72 0.60 1.07 4.60 3.96 1.32 0.32 0.10 0.01 12.72 

1.5 1.75   0.01 0.13 0.06 0.09 2.32 4.80 2.49 0.39 0.02  10.31 

1.75 2   0.01 0.03  0.01 0.97 3.54 3.60 0.73   8.89 

2 2.25    0.01   0.50 2.21 4.02 1.64   8.38 

2.25 2.5       0.12 1.30 3.16 1.94   6.53 

2.5 2.75       0.05 0.51 2.04 1.70   4.31 

2.75 3        0.19 0.97 1.15   2.30 

3 3.25        0.06 0.50 0.79   1.36 

3.25 3.5        0.02 0.17 0.53   0.72 

3.5 3.75         0.08 0.16   0.23 

3.75 4         0.03 0.07   0.10 

4 4.25          0.03   0.03 

4.25 4.5          0.02   0.02 

4.5 4.75          0.01   0.01 

 Total 0.03 0.04 0.12 2.93 5.73 11.09 27.13 21.92 20.16 10.35 0.44 0.07 100.00% 

               

Tabel 6-1: Offshore joint probability of wave height occurence overall sea state 1992 - 2009 
 
Table 6-1 shows the probability of wave heights for various classes. Most wave heights 
are in the range 0.5 – 1.175 meters. Large waves come from a 225 – 285 degrees 
direction. In figure 6-2 an all year wave rose is shown. It follows that swell waves tend to 
come from the south and south south west. 
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Figure 6-2: Offshore wave heights, overall sea state all year. 
 



 
 
 
 
 
 
 

9V7976A0/R00001/419740/Nijm  South India Port PPP Project 
18 August 2010 - 14 - Final Report 

 

6.3 Wave period 

In table 6-2 the offshore wave periods are summarized. It follows that waves with a large 
wave period (swell) typically have wave periods around 13 s. High waves have wave 
periods in the order of 10 -11 s. 
 

 

Dir 

(Deg) -15 15 45 75 105 135 165 195 225 255 285 315 All 

Hs (m) 15 45 75 105 135 165 195 225 255 285 315 345 classes 

0 0.25              

0.25 0.5   7.3 9.0 11.9 11.0 9.4 11.3     10.0 

0.5 0.75  10.1 11.5 10.5 11.6 12.2 12.6 13.2 12.0 10.4 8.3 12.9 11.4 

0.75 1 15.6 11.6 13.4 11.1 12.0 12.5 13.2 13.6 13.5 12.2 11.9 9.9 12.5 

1 1.25 9.0 7.9 7.6 9.5 12.3 12.3 13.2 13.5 13.5 12.1 11.3 9.4 11.0 

1.25 1.5   7.1 7.7 12.1 12.1 13.3 13.1 12.1 11.8 10.0 6.2 10.5 

1.5 1.75 4.7 5.1 5.6 7.6 12.4 11.8 12.8 13.0 11.6 10.5 6.5 5.3 8.9 

1.75 2   5.8 6.7 13.8 11.4 12.8 13.0 11.4 10.0 5.8  10.1 

2 2.25   6.4 6.2   13.3 12.6 11.3 10.0   10.0 

2.25 2.5   5.9 6.4   12.8 12.9 11.6 10.3 6.6  9.5 

2.5 2.75       13.9 13.8 12.0 10.6   12.6 

2.75 3        13.0 11.9 10.6   11.8 

3 3.25        15.4 11.8 10.5   12.6 

3.25 3.5        14.5 10.9 10.8   12.1 

3.5 3.75         9.7 10.2   10.0 

3.75 4         9.9 10.1   10.0 

4 4.25          10.2   10.2 

4.25 4.5          11.0   11.0 

4.5 4.75          11.1   11.1 

 Total 9.8 8.7 7.9 8.3 12.3 11.9 12.7 13.3 11.7 10.7 8.6 8.8  

               

Tabel 6-2: Mean value of Tp (s) in the given classes of Hs (m) and Dir (deg, N) 1992 - 2009 
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Figure 6-3 shows the overall sea state wave periods in a rose format. 
 

  
Figure 6-3: Offshore wave periods, overall sea state all year. 
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Figure 6-4: Monthly variation of wind and wave data, the Monsoon period runs from May - September 
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6.4 Monsoon season 

The Monsoon season has a large impact on the overall sea state in the study area. The 
Monsoon season runs from May to September. Table 6-3 shows the joint probability of 
wave height in the monsoon period. 
 

 Dir (Deg) -15 15 45 75 105 135 165 195 225 255 285 315 All 

Hs (m) 15 45 75 105 135 165 195 225 255 285 315 345 classes 

0 0.25              

0.25 0.5              

0.5 0.75              

0.75 1       0.37 0.59 5.00    0.44 

1 1.25       1.13 0.85 0.12    2.74 

1.25 1.5      0.18 2.72 4.44 1.28 0.73   8.53 

1.5 1.75      5.00 3.55 8.29 4.22 0.60   16.16 

1.75 2      0.14 1.70 7.37 7.66 1.53 5.00  18.27 

2 2.25       1.17 4.85 8.96 3.79   18.77 

2.25 2.5       0.29 2.94 7.20 4.53   14.93 

2.5 2.75       0.12 1.19 4.67 4.17   1.00 

2.75 3        0.46 2.17 2.69   5.32 

3 3.25        0.14 1.17 1.87   3.18 

3.25 3.5        0.36 0.31 1.23   1.58 

3.5 3.75         0.15 0.32   0.47 

3.75 4         0.64 0.13   0.20 

4 4.25          0.50   0.50 

4.25 4.5          0.32   0.32 

4.5 4.75          0.14   0.14 

 Total      0.04 10.53 30.62 37.98 20.84 0.01   

               

Tabel 6-3: Offshore joint probability of wave height occurence Monsoon season 

 
During the monsoon season wave height is always higher than 0.75 meter and all waves 
come from 135 – 315 degrees of which 40% from 225-255 degrees. 
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Figure 6-4: Offshore wave periods, Monsoon season. 
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6.5 Cyclones 

As no cyclone data was available for this study, reference is made to [5], which contains 
a detailed study to cyclone along the India coast. The 1:100 year wave height and peak 
period have been adopted from [5] as boundary conditions in the (SWAN) model to 
determine the nearshore design conditions. 
 
The hurricane hindcast study at Karwar India from Delft Hydraulics and Oceanweather 
Inc. [5] was done in three phases. First, data from 25 cyclones was converted into 
surface wind fields. These fields were input in a deep water wave model. Finally the 
deep water extreme wave climate was found by statistical analysis. From [5] the 
possibility of a cyclone was found to be 0.32 (1/yr) or 32% each year, which means 
statistically that a cyclone occurs roughly once every three years. Table 6-4 shows the 
offshore wave heights and wave periods that are likely in case of a cyclone event. For 
this study, these are adopted from [5] and are the (offshore) design conditions for the 
SWAN wave model. 
 
Return period (yrs) Significant wave height Hs (m) Peak wave period Tp (s) 

25 4.90 9.9 

50 5.59 10.6 

75 5.98 11.0 

100 6.26 11.2 

200 6.93 11.8 

Table 6-4: Offshore significant wave height and peak wave period for Cyclones [5]. 
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7 WATER LEVELS 

Tidal levels are taken from Admiralty Chart 1566 and 708 as presented in Table 7-1. 
 

MHWS 0.8 

MHWN 0.7 

MLWN 0.5 

MLWS 0.2 

Table 7-1: Tidal Levels at Vizhinjam in m above CD (source: Admiralty Chart 1566) 
 
For the normal wave conditions a mean water level of 0.55 m will be applied. For the 
extreme wave conditions the effects of wind set-up and the atmospheric pressure 
reduction will be taken into account. 
 
The storm setup for the extreme wave computations for various return periods is 
estimated based on experience. 
 
The wind setup corresponding to the 1/100 year extreme wind speed was calculated at 
0.40m. The effect of barometric pressure reduction was estimated at 0.51m. 
 
The calculation of atmospheric pressure is done with eq. 2: 
 

)1)(( 01max

r
r

cp

m

eppcDh
−

−−=      (2) 

 
With: 
c1= 0.01 (m/hPa)  constant; 
p0-pc = 80  (hPa)  difference between peripheral pressure and pressure in  
    the eye of the hurricane; 
rm  (m)  radius to maximum wind speed; 
r  (m)  distance of particular location to storm centre (rm=r). 
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8 MODELLING NEARSHORE WAVES 

8.1 General 

This chapter describes the wave modelling activities carried out to obtain the wave 
conditions inside the port, and more specifically, along the future beakwaters. The wave 
modelling study consists of the simulation of waves from an offshore location to a place 
nearshore (harbour entrance) using the spectral wave model SWAN. Wave propagation 
processes that are typical for small harbours such as reflection, refraction, diffraction, 
and transmission are modelled. This has been done by using a fine computational grid 
in the harbour area. 
 

8.2 Methodology 

Waves propagating from offshore to nearshore are affected by many different effects 
amongst which are refraction, shoaling, bottom friction, depth induced breaking, white-
capping, wind growth and non-linear interactions. For wave propagation inside harbours 
reflection, diffraction and transmission over and or through breakwaters may also play a 
role.  
 
The 3rd generation fully spectral wave model SWAN includes all these processes and 
was applied to simulate the propagation of waves from offshore to nearshore and for the 
wave penetration inside the harbour. The SWAN (Simulating Waves Nearshore) model 
was developed at the Delft University of Technology [3].  
 
SWAN represents the wave field on a computational grid using the spectral density at 
discrete frequencies and directions. In this project, SWAN was used in stationary mode 
on a rectangular computational grid. More detailed information on the SWAN model can 
be found in [3]. A detailed grid nested in an outer grid was created to calculate the wave 
propagation inside the harbour. This was done for a number of offshore conditions in 
two series: 
 

• A matrix with offshore wave conditions in terms of wave direction, wave height, 
wave steepness and wind speed was simulated to derive the normal wave 
conditions at the port location. The results of all these simulations were 
combined in a transformation matrix which was used for the transformation of 
the offshore time series to nearshore based on multi-linear interpolation between 
the values at the nodes of the matrix. Based on the nearshore time series, the 
wave climate at the specified nearshore location was derived. 

 
Admiralty Charts, C-Map data and AutoCAD drawings were used to construct the 
bottom topography for the wave model.  
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8.3 Set-up of SWAN wave model 

8.3.1 Computational grids 

SWAN represents the wave field on a two dimensional horizontal rectangular grid 
covering the computational area. At each grid point, SWAN represents the complete 2D 
action density spectrum discretely as a function of frequency and direction. The 
following information has to be specified: 

• The spatial grid resolution 
• The use of nested grids. The models on the nested grids receive their boundary 

conditions from the outer grids 
• The area covered by the grids 

 
Furthermore, the spatial grid should meet the following requirements: 

• It should be possible to define the wave conditions at the boundary of the outer 
computational grid. In practice, this means they can be considered uniform or 
that their variation must be known. 

• Boundaries where the wave condition can not be defined well should not have 
any influence in the area of interest. 

• The computational times should be acceptable. 
• The grid resolution should be sufficiently small to reproduce the spatial depth 

variations that influence the wave conditions at the site of interest 
• The overall area should be sufficiently small to be able to consider the situation 

stationary. 
 
The SWAN grid is nested in two parts, both rectangular grids. The largest grid has grid 
dimensions 240 m (H) x 362 m (V), the smallest grid has resolution 50 m (H) x 50 m (V). 
The bathymetry file has a 20 m x 20 m resolution. The number of spectral directions is 
set to 36. 
 
The coordinate system used is Transverse Mercator WGS 1984 UTM Zone 43N 
 
8.3.2 Bottom schematisation 

The bottom depths at computational grid points for the grids mentioned in the previous 
section were interpolated from the data as described in Chapter 4. 
The Admiralty Charts and C-map data generally underestimate the shallow areas. In this 
study however, the areas closest to the sites of interest are taken from the L&T Rambøll 
AutoCad drawing. The depth schematization is such that in the relevant areas there is a 
smooth transition between the AutoCAD data and the C-map / Admiralty data. 
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Figure 8-1: Model schematisation of outer grid and detailed grid, the shoreline is shown in white. The large grid 

covers an area of 30 x 45 km, the small grid covers 10 x 18 km. 
 
8.3.3 Boundary conditions 

Boundary conditions are inserted into the model (large grid) as a JONSWAP spectrum 
where the peak period is used as characteristic wave period. 
 
Bottom friction is included as a semi-empirical expression derived from the JONSWAP 
results for bottom friction dissipation (Hasselmann et al., 1973, JONSWAP). 
 
The following obstacles are included in the model: 

• Vizhinjam harbour protection (2) 
• Future harbour breakwaters (2) 
• Future harbour layout (1) 

 
All structures except the breakwaters are modelled with zero wave transmission and 
limited reflection (0.25). The breakwaters transmission coefficient depends on 
the incident wave conditions at the obstacle and on the obstacle height (which 
may be submerged). The breakwater crest is at +7.5 m above reference level, the crest 
width is 10 meters. The reflection parameter is set at 0.25.  
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Normal conditions 
All waves referred to in this study are generated by wind. The boundary conditions used 
for the nearshore wave modelling were derived from hindcast data taken, which is 
approximately 90 km offshore from the port site. The boundary conditions are described 
in terms of wave height, -direction and –peak period as presented in Table 8-1. 
Table 8-1 shows the matrix dimensions for which wave simulations have been carried 
out, with combinations of the following 4 parameters  
• Wind speed Uw (m/s)  
• Wave Height (m) 
• Wave Steepness (S0) 
• Wave Direction (degrees) 
 
In total 1512 simulations were carried out 
 
Uw (m/s) 10 15 20           

Hs (m) 0.25 1.25 2.25 3.25 4.25 5.25 6.25       

S0 (-) 0.001 0.005 0.010 0.040 0.080 0.120        

Dir (o N) 0 30 60 90 120 150 180 210 240 270 300 330 0 

Table 8-1: Range of offshore boundary conditions for wave simulations (3x7x6x12=1512 simulations) 

The matrix dimensions are chosen in such a way that they give an optimal coverage of 
the offshore normal wave data. For each offshore wave height the corresponding wind 
speed was calculated and used for the wave calculations. Wave steepness is given by: 
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Extreme conditions overall sea state 
It is possible to derive the extreme wave conditions inside the harbour from statistical 
analysis of the nearshore transformed time series for the various output locations. Then, 
the extremes are limited by the upper boundaries of the matrix conditions as used for 
the normal conditions. With the choice of the matrix nodes in Table 7, this would lead to 
an underestimation of the extreme nearshore waves. Furthermore, following this 
approach the associated extreme offshore wave condition is unknown. It was decided to 
first derive the directional extreme offshore wave conditions and subsequently to 
translate these to nearshore conditions with the use of the SWAN model.  
 
The extreme directional wave heights for the various return periods are calculated by a 
Gumbel and Weibull fit through the directional wave height exceedance values. The best 
fit was chosen. The table below shows the offshore extreme wave conditions as input for 
the SWAN simulations. 
 
Extreme wave conditions may be associated with the high waves from a Western 
direction (ca. 5-6 m.) or by waves from SouthWestern which are much smaller (ca. 2-4 
m) but to which the port is much more exposed to. 
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8.3.4 Model settings 

As stated, two computational grids have been developed: an outer grid used for the 
wave transformation from offshore to nearshore and a detailed grid covering the port 
area to calculate the wave disturbance inside the port.  
In the outer grid all relevant shallow water processes for coastal areas were taken into 
account: non-linear interactions (quadruplets and triads), bottom fiction, wind growth and 
white-capping. For all these processes, the default settings were used.  
 
The detailed grid was set-up for the calculation of the wave disturbance inside the 
harbour. Only propagation processes were calculated here, including diffraction, 
reflection and transmission. The existing harbour and various breakwaters were 
included as an obstacle. In appendix 3 the SWAN input files are shown.  
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9 WAVE MODELLING RESULTS 

9.1 General 

The wave modelling results for the overall sea state are presented here for the current 
situation (no harbour) and for the situation where the port is constructed. Based on 
these results, future harbour downtime can be determined, as well as the daily operating 
conditions that can be expected for the overall sea state. Design conditions for the 
harbour and breakwaters are determined on the basis of extreme (cyclone) events that 
cause larger wave action than can be expected from the overall sea state.  
 

9.2 Harbour layout 

The harbour layout shown in figure 9.1 has been used to perform the offshore nearshore 
translation of waves. The design involves a 650 meter quay and a 350 m turning radius. 
The breakwaters have crests at 7.5 m, and a crest width of 10 meters. 
 

 
Figure 9-1: Harbour layout 
 
 

9.3 Results 

In the figures 9-2 and 9-3 the offshore wave roses are plotted for both the present 
situation and the future harbour layout. 
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Figure 9-2: Present situation nearshore wave conditions, overall sea state, the future layout is shown as dashed lines. 
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Figure 9-3: Future harbour layout nearshore wave conditions, overall sea state 
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10 EXTREME VALUES 

10.1 General 

Extreme values for the Vizhinjam port area were devided into extremes for the overall 
sea state and extremes that may occur during a cyclone event.  
 
Studies [5][6] show that for the Vizhinjam port area a cyclone passes within a 100 km 
radius roughly once every three years. It is assumed that whenever a cyclone passes 
the harbour will be closed due to wind and wave conditions. During the overall sea state 
when no cyclone occurs, harbour downtime is determined by the overall sea state. 
 

10.2 Background 

For design purposes, an extreme value analysis has been performed based on (storm) 
events in the data set derived for both offshore and nearshore conditions. For the 
prediction of extreme events based on the modelled, both Weibull and Gumbel 
distributions have been fitted to the data. For related parameters such as wave period, 
wind speed and wave height, statistical correlations were used from the data. For the 
Gumbel distribution it follows: 
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where: 
Qs:  probability of exceedance of a storm in a year 
Hss:  wave height (m) 
Ns:  number of storms in a year 
β,γ:  parameters found by linear regression. 
G:  Gumbel reduced variable 
 
For the Weibull distribution it follows: 
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where: 
α, β, γ:  parameters found by linear regression. 
W:  Gumbel reduced variable 
 
The Weibull and Gumbel distribution are valid for extreme events. This means the 
events have to be found in the data before the distributions can be applied.  
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In this analysis, events were defined by introducing a threshold value. Data values 
above the threshold value are considered to be an event. Individual events are 
considered to occur at least 48 hours later than the previous event. The number of 
events used in the prediction of extreme values is important since it determines the 
accuracy of the Weibull / Gumbel fit. Different threshold values have been used to set 
the number of events equal to match the average of approximately 7,5 events per year. 
 

10.3 Results offshore overall sea state 

Table 10-1 shows the determined extreme wind speed (Uws), significant wave height 
(Hs) and coupled wave direction (HsDir) and wave peak period (Tp) as a function of 
return period (Qs) for location. 
 
Table 10-1  Extreme wind speed (Uws), significant wave height (Hs) and coupled wave direction (HsDir) and wave 

peak period (Tp) as a function of return period (Qs)  

Return 

Period 

Extreme Wind 

Conditions 
Wind direction 

Significant Wave 

Height 
Wave Direction 

Wave Peak 

Period 

Qs UWS (m/s) UWDir* * (deg) HS (m) HSDir* (deg) Tp (s) 

1:1 12.1 280 3.33 260 9.8 

1:10 13.8 280 4.38 260 8.8 

1:25 14.5 280 4.76 260 8.4 

1:50 15.0 280 5.05 260 8.1 

1:100 15.5 280 5.32 260 7.8 

* mean Wave direction for values > 3.6 m 

** mean Wind direction for wind speed > 13 m/s 
 
For design purposes the 1:100 return period (Qs) is most applicable. However, for the 
Vizhinjam area, extreme values caused by cyclone activity determine the design 
conditions. 
 

10.4 Results offshore Cyclone events 

Based on [5], the offshore 1:100 wave conditions are found in [5] and are listed below.  
 
Table 10-2: Extreme wind speed (Uws), significant wave height (Hs) and coupled wave direction (HsDir) and wave 

peak period (Tp) for a return period (Qs)  of 1:100 years,based on [5]. 

Return 

Period 

Extreme Wind 

Conditions 
Wind direction 

Significant Wave 

Height 
Wave Direction 

Wave Peak 

Period 

Qs UWS (m/s) UWDir* * (deg) HS (m) HSDir* (deg) Tp (s) 

1:100 > 20 180 3.8 180 14 

1:100 > 20 210 6.3 210 12 

1:100 > 20 240 5.5 240 10 

1:100 > 20 270 4.6 270 9 

1:100 > 20 300 5.9 300 8 
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The SWAN model results for the above combinations off offshore boundary conditions 
show the result below. 
 

 Offshore     Nearshore    

Point Hs Tp HsDir S0  Hs Tp HsDir S0 

1 6.30 16.50 180 0.0150  4.23 16.57 197 0.0098 

2 6.30 16.50 240 0.0150  2.99 16.52 215 0.0070 

3 6.30 16.50 240 0.0150  6.15 16.51 229 0.0144 

4 6.30 16.50 150 0.0150  2.21 16.45 186 0.0052 

5 6.30 16.50 210 0.0150  6.60 16.50 217 0.0157 

6 6.30 16.50 150 0.0150  1.57 16.40 164 0.0037 

7 6.30 16.50 180 0.0150  6.54 16.50 201 0.0151 

8 6.30 16.50 150 0.0150  5.58 16.50 194 0.0131 

9 6.30 16.50 150 0.0150  2.24 16.42 161 0.0053 

10 6.30 16.50 240 0.0150  6.30 16.49 235 0.0147 

Table 10-3: Offshore – Nearshore design conditions for (offshore) wave directions 180 – 300 degrees
  
 
Table 10-3 shows the design conditions 
for the points 1 to 10, as shown in the 
figure on the right. In the table the 
maximum of all (offshore) directions 180-
300 degrees is given for each point. So, 
for point 1 an offshore wave direction of 
180 and wave height 6.3 leads to the 
maximum nearshore wave height of 4.23 
m. For most points the offshore wave 
height reduces, with the exception of point 
5, where the design wave height increases 
with respect to the offshore 6.3 meters.
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11 PERSISTENCY ANALYSIS POINT 9 AND 10 

11.1 General 

The (nearshore) design conditions for the port area, as shown in table 10 indicate that 
waves higher than 6 meters may occur. The harbour layout therefore contains two 
breakwaters that are designed to withstand these waves  A persistency analysis has 
been done for a location outside the port (point 10, see figure 9-2) and a point inside the 
future harbour (point 9 in the same figure). A persistency analysis shows the overall 
wave action at a location as an exceedance possibility and the duration of wave events. 
 

11.2 Persistency close to the port location (point 10) 

At point 10 (outside the harbour) figure 11-1 shows the exceedance and duration of 
overall sea state waves.  
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Figure 11-1: Exceedance close to the port area (point 10 on figure 9-2) of wave height and duration. 
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All year 

  

Monsoon 

  

Non 

Monsoon 

 

Hs (m) 

Std. 

Duration (h) 

Exceedance 

(%) 

Std. 

Duration (h) 

Exceedance 

(%) 

Std. 

Duration (h) 

Exceedance 

(%) 

0.5 > 2000 99.99   > 2000 99.98 

0.75 1636 99.50   947 99.14 

1 728 96.83   412.8 94.54 

1.25 438 90.71 > 2000 100.00 236.3 84.01 

1.5 274 75.74 1584 98.25 138.2 59.52 

1.75 204 55.47 392 87.73 104.7 32.21 

2 143 38.20 201 70.03 72.5 15.25 

2.25 82 21.45 95 44.48 42.4 4.85 

2.5 55 10.11 58 21.97 36.1 1.57 

2.75 36 4.28 38 9.42 19.3 0.57 

3 25 1.56 25 3.40 24.6 0.24 

3.25 14 0.37 15 0.78 10.6 0.08 

3.5 10 0.10 11 0.20 7.5 0.03 

3.75 12 0.03 14 0.06 3.8 0 

4 11 0.01 11 0.02 0 0 

Table 11-1: Wave height exceedance (%) and duration (h) close to the port area (point 10) 
 

11.3 Persistency in the future harbour (point 9) 

In the future harbour at point 9 (see figure 9-2), the wave heights for overall sea state 
have decreased.  
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Figure 11-2: Exceedance close to the port area (point 9 on figure 14) of wave height and duration. 
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All year 

  

Monsoon 

  

Non 

Monsoon 

 

Hs (m) 

Std. 

Duration (h) 

Exceedance 

(%) 

Std. Duration 

(h) 

Exceedance 

(%) 

Std. 

Duration (h) 

Exceedance 

(%) 

0 > 2000 100.00 > 2000 100.00 > 2000 100.00 

0.25 647 97.18 500 96.85 820 97.41 

0.5 53 29.44 51 14.52 54 40.20 

0.75 24 0.02 24 0.04 0 0.00 

1 0 0.00 0 0.00 0 0.00 

Table 11-2:  Wave height exceedance (%) and duration (h) close to the port area (point 9) 

 
Please note that for point 9 in the harbour waves during the monsoon season tend to be 
lower than during the all year sea state. Since all monsoon waves come from the east or 
south east, the break water (see figure 9-3) effectively blocks all monsoon waves. From 
table 11-2 it follows that a 0.5 m wave is exceeded in 15% of the cases for the monsoon 
season, but in 40% of the cases in the non-monsoon period.  



 
 
 
 
 
 
 

South India Port PPP Project  9V7976A0/R00001/419740/Nijm 
Final Report - 33 - 18 August 2010 

 

12 SUMMARY AND CONCLUSIONS 

12.1 Summary 

In this report the impact of wave action has been investigated for a new harbour design 
at Vizhinjam, Kerala India. For this purpose hindcast data has been purchased which 
contains the overall sea state wave dynamics time series. However, no cyclone data 
was available for this study. Cyclones occur in the vicinity of the port area roughly once 
every three years, and have a major impact on the harbour and break water design. The 
offshore wave characteristics that belong to a cyclone event are derived from a Delft 
Hydraulics / Oceanweather Inc. Cyclone Hindcast Study at Karwar India [5]. 
 
To convert offshore waves to nearshore waves at the harbour site a wave model 
(SWAN) has been used. With this model the design conditions for break waters and 
harbour quays can be determined. All relevant combinations of wave height, wave 
steepness, wave direction and windspeed have been computed (a total of 1512) to 
obtain a transformation matrix that can be used to transform any wave type to nearshore 
waves for a total of 10 selected points in the harbour area. 
 
With the transformation matrix, the 
offshore Argoss series was transformed 
to the equivalent nearshore series. The 
nearshore series were then used to 
calculate wave persistency in the 
harbour, so normal harbour operating 
conditions and harbour downtime is 
known.  
 
The extreme waves belonging to a 
cyclone event were also transformed to 
nearshore conditions to determine the 
harbour design conditions for the two 
break waters and inside the harbour. 
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12.2 Conclusions 

The results of the offshore to nearshore wave study with the SWAN model are divided 
into model results belonging to extreme cyclone events, which represent design 
conditions, and normal harbour operating conditions belonging to the overall sea state 
(Argoss data series). 
 
The offshore and nearshore design conditions for cyclone events are given in table 12-1 
for the 10 nearshore points (see previous page). In this table, the offshore wave 
combination is shown for each point  that corresponds to the highest nearshore wave. 
This means that the offshore wave direction that gives the highest wave nearshore may 
differ for each of the 10 nearshore points. 
 

 Offshore    Nearshore   

Point Hs Tp HsDir  Hs Tp HsDir 

1 6.30 16.50 180  4.23 16.57 197 

2 6.30 16.50 240  2.99 16.52 215 

3 6.30 16.50 240  6.15 16.51 229 

4 6.30 16.50 150  2.21 16.45 186 

5 6.30 16.50 210  6.60 16.50 217 

6 6.30 16.50 150  1.57 16.40 164 

7 6.30 16.50 180  6.54 16.50 201 

8 6.30 16.50 150  5.58 16.50 194 

9 6.30 16.50 150  2.24 16.42 161 

10 6.30 16.50 240  6.30 16.49 235 

Table 12-1: Offshore – Nearshore design conditions for (offshore) wave directions 180 – 300 degrees 
 
 
The SWAN model results for the overall sea state belonging to the offshore Argoss time 
series is shown in figure 12-1 for nearshore point 10.  
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Figure 12-1: Exceedance close to the port area (point 10 on figure 9-2) of wave height and duration. 
 
The highest nearshore design wave height is 6.6 m at point 5 coming from the west. In 
the harbour, during a cyclone event, waves as high as 2-2.5 m can be expected.  
 
Under normal operating conditions, waves outside the harbour are generally lower than 
2-2.5 m (50 % of the time). In the harbour these waves reduce to less than 0.5 m. 
 
The harbour design with the two breakwaters on the west and south side effectively 
reduce wave action in the harbour, both under extreme conditions and during normal 
overall sea state. 
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 APPENDIX 1: EXTREME VALUES, SWAN RESULTS 
 

 
Figure A-3: Extreme condition 120 deg 

 
Figure A-4: Extreme condition 150 deg 
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Figure A-5: Extreme condition 180 deg 

 
Figure A-6: Extreme condition 210 deg 

 

 



 
 
 
 
 
 
 

South India Port PPP Project  9V7976A0/R00001/419740/Nijm 
Final Report - 39 - 18 August 2010 

 

 
Figure A-7: Extreme condition 240 deg 

 
Figure A-8: Extreme condition 270 deg 
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Figure A-9: Extreme condition 300 deg 
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APPENDIX 2: TRANSFORMATION POINTS 

 
 Harbour  Present  

Nr. X Y X Y 
1 719215.53 926258.93 719215.53 926258.93 
2 719540.78 926289.36 719557.04 926224.33 
3 719131.11 925791.89 719185.30 925808.15 
4 720085.37 925677.62 719126.21 925406.67 
5 719432.45 925065.96 719443.29 925093.06 
6 719582.59 926064.00 720037.79 924638.80 
7 720165.42 924451.51 720187.09 924467.77 
8 720423.16 924876.77 720520.70 924085.59 
9 719848.80 925703.61 720797.13 923769.03 

10 719159.44 924097.10 719159.44 924097.10 
Table A-1: Coordinates of output points. 
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APPENDIX 3: BEAUFORT SCALE 

 
Beaufort scale Description m/s Sea state 

0 Calm < 0.3 Flat. 

1 Light air 0.3 – 1.5 Ripples without crests. 

2 Light breeze 1.5 – 3.3 

Small wavelets. Crests of glassy appearance,  

not breaking 

3 Gentle breeze 3.3 – 5.5 

Large wavelets. Crests begin to break;  

scattered whitecaps 

4 Moderate breeze 5.5 – 8.0 

Small waves with breaking crests.  

Fairly frequent white horses. 

5 Fresh breeze 8.0 – 11 

Moderate waves of some length. Many white 

horses. Small amounts of spray. 

6 Strong breeze 11 – 14 

Long waves begin to form. White foam crests  

are very frequent. Some airborne spray is 

present. 

7 High wind, Moderate gale, Near gale 14 – 17 

Sea heaps up. Some foam from breaking 

waves is blown into streaks along wind 

direction. Moderate amounts of airborne 

spray. 

8 Gale, Fresh gale 17 – 20 

Moderately high waves with breaking crests  

forming spindrift. Well-marked streaks of  

foam are blown along wind direction.  

Considerable airborne spray. 

9 Strong gale 21 – 24 

High waves whose crests sometimes roll over.  

Dense foam is blown along wind direction.  

Large amounts of airborne spray may begin  

to reduce visibility. 

10 Storm, Whole gale 25 – 28 

Very high waves with overhanging crests.  

Large patches of foam from wave crests give  

the sea a white appearance. Considerable  

tumbling of waves with heavy impact.  

Large amounts of airborne spray reduce 

visibility. 

11 Violent storm 29 – 32 

Exceptionally high waves. Very large patches  

of foam, driven before the wind, cover much  

of the sea surface. Very large amounts of 

airborne spray severely reduce visibility. 

12 Hurricane � 33 

Huge waves. Sea is completely white with 

foam and spray. Air is filled with driving spray,  

greatly reducing visibility. 

Table A-6; Beaufort scale in relation to wind speed in m/s 
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APPENDIX H. CONTAINER VESSELS SIZES IN WORLD FLEET  
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(Black dot indicates design vessel, Red dots indicate vessels in suggested fleet mix) 
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APPENDIX I. CALCULATION OF REQUIRED BERTH LENGTH  

 
Calculation of berth use 
(Phase 1)             

Vessel type Mainline 1 Mainline 2 Feeder 1 Feeder 2 Feeder 3 Total  

Vessel capacity (TEU) 9000 6000 1500 1000 600   

Parcel size (TEU) 3,927 2,618 2,329 1,553 932   

Parcel size (Boxes) 2,951 1,967 1,750 1,167 700   
Vessel length (incl. 15m 
spacing) (m) 375 320 205 180 155   

no. vessels per week (-) 1 2 0 3 2   

Cranes per vessel (-) 5 4 3 3 2   

Moves per hour (boxes/hr) 27.5 27.5 27.5 27.5 27.5   

Crane effectivity (-) 0.75 0.75 0.85 0.85 0.9   

(Un)loading time (hr) 28.6 23.8 25.0 16.6 14.1   

(Un)mooring time (hr) 3 3 3 3 3   
Total service time per vessel 
(hr/vessel) 31.6 26.8 28.0 19.6 17.1   
Total service time per 
week (hr/wk) 31.6 53.7 0.0 58.9 34.3 178.5 

Total berth use (hr m/wk) 11,855 17,180 0 10,605 5,314 44,955 
 
 
Calculation of berth occupancy    

Total berth use (hr m/wk) 44,955 

Total berth use during peak (hr m/wk) 53,945 

Available berth (m) 650 

Hours per week 168 

Downtime 5% 

Available time (hr/w) 160 

Berth occupancy 52% 
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Calculation of berth use 
(Phase 2)             

Vessel type Mainline 1 Mainline 2 Feeder 1 Feeder 2 Feeder 3 Total  

Vessel capacity (TEU) 9000 6000 1500 1000 600   

Parcel size (TEU) 4,225 2,817 2,629 1,753 1,052   

Parcel size (Boxes) 3,175 2,117 1,976 1,317 790   
Vessel length (incl. 15m 
spacing) (m) 375 320 205 180 155   

no. vessels per week (-) 2 4 2 4 0   

Cranes per vessel (-) 5 4 3 3 2   

Moves per hour (boxes/hr) 27.5 27.5 27.5 27.5 27.5   

Crane effectivity (-) 0.75 0.75 0.85 0.85 0.9   

(Un)loading time (hr) 30.8 25.7 28.2 18.8 16.0   

(Un)mooring time (hr) 3 3 3 3 3   
Total service time per 
vessel (hr/vessel) 33.8 28.7 31.2 21.8 19.0   
Total service time per 
week (hr/wk) 67.6 114.6 62.3 87.1 0.0 331.7 

Total berth use (hr m/wk) 25,341 36,680 12,781 15,684 0 90,485 
 
Calculation of berth occupancy    

Total berth use (hr m/wk) 90,485 

Total berth use during peak (hr m/wk) 108,583 

Available berth (m) 1,250 

Hours per week 168 

Downtime 5% 

Available time (hr/w) 160 

Berth occupancy 54% 
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Calculation of berth use 
(Phase 3)             

Vessel type Mainline 1 Mainline 2 Feeder 1 Feeder 2 Feeder 3 Total  

Vessel capacity (TEU) 9000 6000 1500 1000 600   

Parcel size (TEU) 4,322 2,881 2,584 1,723 1,034   

Parcel size (Boxes) 3,248 2,165 1,942 1,295 777   
Vessel length (incl. 15m 
spacing) (m) 375 320 205 180 155   

no. vessels per week (-) 3 7 4 5 0   

Cranes per vessel (-) 5 4 3 3 2   

Moves per hour (boxes/hr) 27.5 27.5 27.5 27.5 27.5   

Crane effectivity (-) 0.75 0.75 0.85 0.85 0.9   

(Un)loading time (hr) 31.5 26.2 27.7 18.5 15.7   

(Un)mooring time (hr) 3 3 3 3 3   
Total service time per vessel 
(hr/vessel) 34.5 29.2 30.7 21.5 18.7   
Total service time per 
week (hr/wk) 103.5 204.7 122.8 107.3 0.0 538.3 

Total berth use (hr m/wk) 38,808 65,512 25,168 19,316 0 148,803 
 
Calculation of berth occupancy    

Total berth use (hr m/wk) 148,803 

Total berth use during peak (hr m/wk) 178,564 

Available berth (m) 2000 

Hours per week 168 

Downtime 5% 

Available time (hr/w) 160 

Berth occupancy 56% 
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APPENDIX J. DESKSTUDY COASTAL IMPACTS 

The hydrodynamic and sedimentary processes along the coastline will change as a 
result of the port development at Vizhinjam. The scale of change will be dependent on 
the design of the port and the existing conditions. This section describes the desk study 
on the coastal impacts of the preferred port development.  
 
Description of the present situation  
The present coast morphological formation and processes at Trivandrum are mainly 
influenced by the following three elements: 
 

• The geological formation of the coast  
• The potential sand sources to nourish sediment transport 
• The seasonal variation in wave direction, period and height 

 
Without having access to any significant field surveys at the location of Trivandrum nor 
any detailed wave recordings at this location over a number of years, the best that can 
be done is to assess the physical processes and changes based on experienced 
engineering judgment with the aid of the scarce information available. The three 
elements mentioned above will be discussed in the following sections in order to assess, 
in a qualitative manner, the coastal behaviour at the new port site. 
 
Geological formation 
The coast at the new port site and the neighbouring areas is formed by rock 
outcroppings, many of which stop wave-generated alongshore sand transport (littoral 
drift) completely. Between the rock outcroppings bays with sandy beaches are formed. 
With changing wave directions over the seasons, the alignment of these beaches will be 
following the main wave direction at any time. 
 
North of the new port site, the rock outcropping is rather large and extends into deep 
water thereby stopping sand transport along the coast in southern direction completely; 
therefore no sand is expected to reach the new port from the north. 
 
From the Southern directions swell waves generate sand transport directed to the North 
and consequently sand transport from South to North occurs, whereby not all rock 
outcropping extend into sufficiently deep water to block sand bypassing completely, 
therefore at some location along the southern shore sand will be transported, mainly in 
the breaker zone, from south to north during some months of the year.  
 
Along the southern coast however, also sea wave-generated sand transport occurs from 
North to South in the monsoon season. 
 
The conclusion is that sediment transport will occur in both directions along the southern 
coast. At the new port location apparently the most southern rock outcropping extends 
into the sea sufficiently to substantially block the sand transport to the north, but not 
completely as can be seen by the small sandy pocket beaches just north. 
Much further south towards the tip of India a number of groynes have been constructed, 
which show that sand accretion on the south side occurred, and that probably a net 
sand transport from South to North is present at those locations. Care is advised as the 
above information is based on a satellite photo (source: Google Earth) which only 
represents a moment in time and cannot be taken to represent long term trends in 
coastal behaviour.  
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Sand sources 
As the rock outcropping to the north of the new port is expected to block sand transport 
completely the focus is on sand sources from the South. Several rivers and estuaries 
can be observed along the southern coast; rivers are expected to be depended on 
seasonal rainfall and probably will show larger flows during and after de monsoon 
season, carrying sand and silt towards the sea. 
 
Estuaries will behave as tidal inlets during low flow and as river mouth during high flows. 
The sediment carried by rivers during high flows is a source of sediment, which will be 
distributed along the coast by wave action, both towards the south and north. So long as 
rock outcropping extends deep into the sea, blocking sand, the sediment will not reach 
the new port. Based on the present assessment bypassing of sand is not expected in 
the forthcoming decades. 
 
Sand beaches by themselves, once they change their form are also a natural source of 
sand. Silt as a sediment risk is confined to sediment into port basins where turbulence is 
very low, and is expected to take place at a very slow pace. Possibly the existing fishery 
port at the new port site may be a source of local information on past siltation. 
 
 
Wave action 
Waves change direction when reaching the coast and break on shallow water. Breaking, 
waves release energy which is transformed and can be used to transport sand in two 
directions: 
 

• Parallel to the coast  
• Perpendicular to the coast  

 
The angle between waves and coast is usually rather small (0-10˚) therefore most of the 
wave energy is used to shape the beach profile. Higher waves will generate a smoother 
profile while lower waves will generate a steeper profile. The profile tends to follow 
variations in wave height and period. The contours to which the profile changes depends 
to a large extend on the wave period but usually varies between +4 and -10m water 
depth. 
 
Changes in profile can be significant over a relatively small period of time, particularly 
when hurricanes or storms occur. 
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However, once a port is constructed this phenomenon is less important. Sand transport 
along the coast is driven by the small angle between wave crests and coastal alignment 
(or depth contours at breaking depth). When waves generate a net transport in either 
direction sand will accumulate at obstructions (groyne, breakwater, rock outcropping) 
and in due time may bypass that obstruction. 
 
At the new port site relevant waves for sand transport can roughly be grouped as 
follows: 
 

• Sea waves (nearby wind generated waves), arriving mostly from Westerly 
directions and with wave periods up to 7-9 sec. This occurs over some 4 months 
a year. 

• Swell waves (far away generated waves), arriving from two main directions, 
namely South and Southwest, with period which can reach 20 sec. This occurs 
over some 4 months a year, similar but not exactly coinciding with the presence 
of sea waves. 

 
The sea waves are expected to generate sand transport south of the new port, in 
southerly direction. The swell waves are expected to generate sand transport in 
Northern direction, south of the new port site. The width and form of the beach just south 
of the new port site is expected to show seasonal variations particularly during the 
monsoon season. 
 
 
Description of future situation with port development 
To develop a new port that will provide shelter to container vessels, breakwaters are 
required, which obstruct waves and force them to change direction and in some cases 
also height. This is also the case for the new port at Vizhinjam, where a large 
breakwater is foreseen to provide protection for access and mooring of vessels. The 
breakwater will extend to the south encompassing some minor pocket beaches, just up 
to the outcropping that limits a larger beach formation.  
 
Swell waves from the south and southwest arrive at the breakwater from a direction that 
cannot generate a significant effect on the beach. Sea waves from the West however 
will diffract around the breakwater head and arrive at the beach under a different angle 
compared to the present situation. This will generate a change in formation of the beach 
at its northern end. It is expected that when waves come from the west for a long 
enough period of time, the beach will grow towards the sea at its most northern end, i.e. 
it will widen. At a location south along the beach the effect of wave diffraction will not be 
present. Up to that point the beach could become narrower. 
 
The process described is by necessity a qualitative assessment; however it is not 
expected to involve large changes.  
 
Should this stretch of beach be of importance, either for tourism or for other purposes 
and should the seasonally narrowing of the beach generate negative effects, a relatively 
simple solution could be the construction of one or more (short) groynes along this 
stretch of the coast to create a dynamically stable coastal stretch between the rock 
outcropping and the last southern groyne. 
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APPENDIX K. DESIGN PARAMETERS USED FOR THE CONCEPTUAL 
DESIGN OF THE QUAY WALL 

For the development of the conceptual design of the quay wall the following design 
parameters were used. 
 
Properties of the design profiles 
 
Sand profile 
Level 
[m] 

Description 
[-] 

Internal 
friction 
� [°] 

Dry Specific 
Weight  
�dry [kN/m3] 

Wet Specific 
Weight 
�submerged 
[kN/m3] 

Bottom to -6.00m Loose sand 30 17 19 
-6.00m – and below Dense sand 38 19 21 
 
Rock profile 
Level 
[m] 

Description 
[-] 

qu 
[MPa] 

RQD 
[%] 

Bottom  Hard rock 28-57 20-50 
 
Design loads 
 
Dead load 
The dead load of the quay structure includes the weight of all structural components 
considering the following mass densities: 

• Reinforced concrete: 
Favourable:   24 kN/m3  
Unfavourable:   25 kN/m3 

• Steel:    79 kN/m3 
 
Crane loads 
The quay structure will be designed to resist the following vertical and horizontal crane 
loads: 

• Vertical:   1000 kN/m 
• Horizontal:   100 kN/m 

 
Uniform distributed load 
The quay structure will be designed to resist the following live loads: 

• Seaward of seaward rail: 10 kN/m2 
• Between crane rails:  30 kN/m2 
• Landward of landward rail: 50 kN/m2  

 
Mooring loads 
The quay structure will be designed to resist the following mooring loads: 

• Mooring load:   2 x 1500 kN 
• Centre to centre distance: 24m 

Load combinations 
 
Deck on piles 

• Normal Condition 
LC1: D+U+C 

• Earthquake Conditions 
LC2: D+U+C 
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Block work wall 

• Normal Conditions 
LC1: D+E+Hlwl+S+B 
LC2: D+E+Hhwl+S+B 
LC3: D+E+Hlwl+S+C 
LC4: D+E+Hhwl+S+C 

• Earthquake Conditions 
LC5: D+E+Hlwl50%+S50%+B75%*) 
LC6: D+E+Hlwl50%+S50%+B75%*) 
*) Without crane: less favourable for sliding/overturning. With crane: higher 
foundation loads. 
 

 
Safety factors 
The following representative loads and overall safety factors are applied. 
 

• Deck on piles 
For the deck on pile structure the factors of safety (FoS) presented in the table 
below are applied. 
 

 
  
 
 

• Block work wall 
For the block work wall the factors of safety (FoS) presented in the table below 
are applied. 

 
Failure mechanism Normal 

condition 
Earthquake 
condition 

Sliding 1.75 1.10 
Overturning 1.50 1.10 
Geotechnical static 1.30 - 
Geotechnical earthquake - 1.10 
Bearing capacity 2.50 2.50 

 
 

Failure mechanism Normal condition Earthquake 
condition 

Bearing capacity 2.00 2.00 
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Additional Assumptions 
 
Quay furniture 
 
The quay construction will be equipped with the following quay furniture: 

• Cable turnover pits 
4 cable turnover pits are foreseen in the quay structure, per pit 2 cranes can be 
provided. 
 

• Bollards 
Double bollard units are foreseen with a capacity of 150te per bollard. These 
units have a ctc distance of 24m. In front of each unit a steel edge protection 
(length 6m) is placed, to prevent the mooring lines from chamfering. 
 

• Fendering 
Cone fenders with a fender panel are foreseen on the quay wall, with a ctc of 
12m. 
 

• Safety ladders 
Safety ladders with a length of 6m are foreseen, these ladders are placed with a 
ctc distance of 48m. 

 
 
 
Deck on Piles Structure 
 
The following design assumptions are made for the deck-on-piles structure 
 
Piles 
• The piles shall have a coating to 1m into the quarry run bund. After the design live of 

the coating, corrosion is allowed. 
 
• The bearing capacity of the piles is determined with shaft friction only and no end 

bearing. 
 
 
 
Block Work Structure 
 
The following design assumptions are made for the block work structure 
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APPENDIX L. DETAILED OVERVIEWS OF CAPEX ESTIMATES 

CAPEX Phase I 

      
PHASE I - CAPEX Investments         
       
Dredging & Land Fill  Unit   Value   Unit Rate   Total CAPEX  
  Dredging and reclaiming - Superficial soils [m3] 2,150,000 11.00 23,650,000 

  
Dredging and reclaiming - Compacted 
sedimentaries/weathered rock [m3] 820,000 20.80 17,056,000 

  Dredging and reclaiming - Hard rock [m3] 0 82.00 - 

  
Dredging at marine borrow area and reclaiming 
- Superficial soils [m3] 0 7.60 - 

          - 
  Additional dredging under Container Terminal [m3] 351,000 18.00 6,318,000 
  Additional dredging for scour protection [m3] 0 18.00 - 
  Total                 47,024,000  
            
Breakwater & Revetments  Unit   Value   Unit Rate   Total CAPEX  
  Breakwater at average depth of 2.5 m [m] 180 21,000             3,780,000  
  Breakwater at average depth of 7.5 m [m] 280 30,000             8,400,000  
  Breakwater at average depth of 12.5 m [m] 450 45,000           20,250,000  
  Breakwater at average depth of 18.0 m [m] 1,750 68,000         119,000,000  
  Breakwater head at average depth of 18.0 m [m] 50 83,522             4,176,108  
            
  South Breakwater at average depth of 2.5 m [m] 120 22,000             2,640,000  
  South Breakwater at average depth of 7.5 m [m] 160 29,000             4,640,000  
  South Breakwater at average depth of 12.5 m [m] 300 38,000           11,400,000  

  
South Breakwater head at average depth of 
15.0 m [m] 50 55,281             2,764,065  

            
  Revetment 0-5 m [m] 200 601                120,188  
  Revetment 5-10 m [m] 200 3,443                688,688  
  Coast protection [m] 800 1,400             1,120,000  
  Total               178,979,048  
            
Quay wall  Unit   Value   Unit Rate   Total CAPEX  
  Deck on piles rock [m] 650 40,800           26,520,000  
  Material - Scour protection [m3] 0 28                         -    
  Material - land fill [m3] 504,000 25           12,600,000  
  Total                 39,120,000  
            
General port superstructures  Unit   Value   Unit Rate   Total CAPEX  
  Building Port Authority & Port control [m2] 1,600 754             1,206,897  
  Security fencing + Gates [m] 1,000 150                150,000  
  Building Customs [m2] 1,600 377                603,448  
  Road and parking facilities; asphalt paving [m2] 53,800 25             1,345,000  
  Total                   3,305,345  
            
            
Container terminal  Unit   Value   Unit Rate   Total CAPEX  
  Paving [m2] 246,000 110 27,060,000 
  Container Terminal Utilities [m2] 260,000 10 2,600,000 
  Workshop [m2] 1,250 819             1,023,707  
  Offices [m2] 800 754                603,448  
  Railyard - length of rails [m] 2,100 1,078             2,262,931  
  Total                 33,550,086  
            
Container terminal Equipment  Unit   Value   Unit Rate   Total CAPEX  
  Gantry Cranes [#] 6 7,500,000           45,000,000  
  RTG's [#] 16 1,400,000           22,400,000  
  Terminal Tractors [#] 30 80,000             2,400,000  
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  Tractor Trailers [#] 30 20,000                600,000  
  Empty Container Handlers [#] 4 300,000             1,200,000  
  Reach Stackers [#] 2 450,000                900,000  
  Total                 72,500,000  
            
Marine Services  Unit   Value   Unit Rate   Total CAPEX  
  Tug Jetty [#] 1 2,000,000             2,000,000  
  Tug (60-80BP) [#] 3 6,000,000           18,000,000  
  Pilot Launch [#] 1 1,500,000             1,500,000  
  Mooring Launch [#] 3 500,000             1,500,000  
  Total                 23,000,000  
            
Utilities  Unit   Value   Unit Rate   Total CAPEX  
  Power supply and electrical facilities [#] 1 5,000,000             5,000,000  
  Potable water facilities [#] 1 500,000                500,000  
  Waste Management Facility [#] 1 500,000                500,000  
  Storm water drainage [#] 1 750,000                750,000  
  Foul water system [#] 1 750,000                750,000  
  Total                   7,500,000  
            
Miscellaneous  Unit   Value   Unit Rate   Total CAPEX  
  Mobilisation [#] 1 2,000,000             2,000,000  
  Aids to navigation [#] 1 500,000                500,000  
  Total                   2,500,000  
       
Total Capital Expenditure in US$       407,478,479 
  Preliminaries (10%) [%] 10%  40,747,848 
  Contingencies (20%) [%] 20%  81,495,696 
  Engineering (5%) [%] 5%  20,373,924 
         550,095,946 
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CAPEX Phase II 

           
PHASE II - CAPEX Investments         
       
Dredging & Land Fill  Unit   Value   Unit Rate   Total CAPEX  
  Dredging and reclaiming - Superficial soils [m3] 200,000 11.00             2,200,000  

  
Dredging and reclaiming - Compacted 
sedimentaries/weathered rock [m3] 200,000 20.80             4,160,000  

  Dredging and reclaiming - Hard rock [m3] 0 82.00                         -    

  
Dredging at marine borrow area and reclaiming - 
Superficial soils [m3] 3,380,000 7.60           25,688,000  

                                  -    
  Additional dredging under Container Terminal [m3] 324,000 18.00             5,832,000  
  Additional dredging for scour protection [m3] 0 18.00                         -    
  Total                 37,880,000  
            
Breakwater & Revetments  Unit   Value   Unit Rate   Total CAPEX  
  Breakwater at average depth of 2.5 m [m] 0 31,000                         -    
  Breakwater at average depth of 7.5 m [m] 0 45,000                         -    
  Breakwater at average depth of 12.5 m [m] 0 64,000                         -    
  Breakwater at average depth of 18.0 m [m] 0 96,000                         -    
  Breakwater head at average depth of 18.0 m [m] 0 124,277                         -    
            
  South Breakwater at average depth of 2.5 m [m] 0 30,000                         -    
  South Breakwater at average depth of 7.5 m [m] 0 41,000                         -    
  South Breakwater at average depth of 12.5 m [m] 0 57,000                         -    
  South Breakwater head at average depth of 15.0 m [m] 0 84,647                         -    
            
  Revetment 0-5 m [m] 0 601                         -    
  Revetment 5-10 m [m] 0 3,443                         -    
  Coast protection [m] 0 1,400                         -    
  Total                               -    
            
Quay wall   Unit   Value   Unit Rate   Total CAPEX  
  Deck on piles rock [m] 600 40,800           24,480,000  
  Material - Scour protection [m3] 0 28                         -    
  Material - land fill [m3] 465,231 25           11,630,769  
  Total                 36,110,769  
            
General port superstructures  Unit   Value   Unit Rate   Total CAPEX  
  Building Port Authority & Port control [m2] 800 754                603,448  
  Security fencing + Gates [m] 1,000 150                150,000  
  Building Customs [m2] 0 377                         -    
  Road and parking facilities; asphalt paving [m2] 100,000 25             2,500,000  
  Total                   3,253,448  
            
            
Container terminal  Unit   Value   Unit Rate   Total CAPEX  
  Paving [m2] 213,231 110           23,455,385  
  Container Terminal Utilities [m2] 240,000 10             2,400,000  
  Workshop [m2] 1,250 819             1,023,707  
  Offices [m2] 800 754                603,448  
  Railyard - length of rails [m] 0 1,078                         -    
  Total                 27,482,540  
            
Container terminal Equipment 
  

 Unit  
 Value   Unit Rate   Total CAPEX  

  Gantry Cranes [#] 5 7,500,000           37,500,000  
  RTG's [#] 13 1,400,000           18,200,000  
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  Terminal Tractors [#] 25 80,000             2,000,000  
  Tractor Trailers [#] 25 20,000                500,000  
  Empty Container Handlers [#] 3 300,000                900,000  
  Reach Stackers [#] 2 450,000                900,000  
  Total                 60,000,000  
            
Marine Services 
  

 Unit  
 Value   Unit Rate   Total CAPEX  

  Tug Jetty [#] 1 2,000,000             2,000,000  
  Tug (60-80BP) [#] 3 6,000,000           18,000,000  
  Pilot Launch [#] 1 1,500,000             1,500,000  
  Mooring Launch [#] 3 500,000             1,500,000  
  Total                 23,000,000  
            
Utilities 
  

 Unit  
 Value   Unit Rate   Total CAPEX  

  Power supply and electrical facilities [#] 1 5,000,000             5,000,000  
  Potable water facilities [#] 1 500,000                500,000  
  Waste Management Facility [#] 1 500,000                500,000  
  Storm water drainage [#] 1 750,000                750,000  
  Foul water system [#] 1 750,000                750,000  
  Total                   7,500,000  
            
Miscellaneous 
  

 Unit  
 Value   Unit Rate   Total CAPEX  

  Mobilisation [#] 1 2,000,000             1,000,000  
  Aids to navigation [#] 1 500,000                500,000  
  Total                   1,500,000  
       
Total Capital Expenditure in US$               196,726,757  
  Preliminaries (10%) [%] 10%   19,672,676  
  Contingencies (20%) [%] 20%   39,345,351  
  Engineering (5%) [%] 5%   9,836,338  
                  265,581,122  
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CAPEX Phase III 

          
PHASE III - CAPEX Investments        
       
Dredging & Land Fill Unit  Value   Unit Rate   Total CAPEX  
  Dredging and reclaiming - Superficial soils [m3] 164,063 11.00             1,804,688  

  
Dredging and reclaiming - Compacted 
sedimentaries/weathered rock [m3] 164,063 20.80             3,412,500  

  Dredging and reclaiming - Hard rock [m3] 40,000 82.00             3,280,000  

  
Dredging at marine borrow area and reclaiming - 
Superficial soils [m3] 4,281,875 7.60           32,542,250  

                                 -    
  Additional dredging under Container Terminal [m3] 405,000 18.00             7,290,000  
  Additional dredging for scour protection [m3] 0 18.00                         -    
  Total                48,329,438  
           
Breakwater & Revetments Unit  Value   Unit Rate   Total CAPEX  
  Breakwater at average depth of 2.5 m [m] 0 21,000.00                         -    
  Breakwater at average depth of 7.5 m [m] 0 30,000.00                         -    
  Breakwater at average depth of 12.5 m [m] 0 45,000.00                         -    
  Breakwater at average depth of 18.0 m [m] 860 68,000.00           58,480,000  
  Breakwater head at average depth of 18.0 m [m] 50 83,522.15             4,176,108  
          
  South Breakwater at average depth of 2.5 m [m] 210 22,000.00             4,620,000  
  South Breakwater at average depth of 7.5 m [m] 190 29,000.00             5,510,000  
  South Breakwater at average depth of 12.5 m [m] 180 38,000.00             6,840,000  

  
South Breakwater head at average depth of 15.0 
m [m] 50 55,281.30             2,764,065  

          
  Revetment 0-5 m [m] 200 600.94                120,188  
  Revetment 5-10 m [m] 200 3,443.44                688,688  
  Coast protection [m] 400 1,400.00                560,000  
  Total                83,759,048  
           
Quay wall Unit  Value   Unit Rate   Total CAPEX  
  Deck on piles rock [m] 750 40,800           30,600,000  
  Material - Scour protection [m3] 0 28.00                         -    
  Material - land fill [m3] 581,538 25.00           14,538,462  
  Total                45,138,462  
           
General port superstructures Unit  Value   Unit Rate   Total CAPEX  
  Building Port Authority & Port control [m2] 800 754                603,448  
  Security fencing + Gates [m] 1,500 150                225,000  
  Building Customs [m2] 0 377                         -    
  Road and parking facilities; asphalt paving [m2] 0 25                         -    
  Total                     828,448  
           
           
Container terminal Unit  Value   Unit Rate   Total CAPEX  
  Paving [m2] 266,538 110           29,319,231  
  Container Terminal Utilities [m2] 300,000 10             3,000,000  
  Workshop [m2] 1,250 819             1,023,707  
  Offices [m2] 800 754                603,448  
  Railyard - length of rails [m] 0 1,078                         -    
  Total                33,946,386  
           
Container terminal Equipment Unit  Value   Unit Rate   Total CAPEX  
  Gantry Cranes [#] 6 7,500,000           45,000,000  
  RTG's [#] 16 1,400,000           22,400,000  
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  Terminal Tractors [#] 30 80,000             2,400,000  
  Tractor Trailers [#] 30 20,000                600,000  
  Empty Container Handlers [#] 4 300,000             1,200,000  
  Reach Stackers [#] 2 450,000                900,000  
  Total                72,500,000  
           
Marine Services Unit  Value   Unit Rate   Total CAPEX  
  Tug Jetty [#] 1 2,000,000             2,000,000  
  Tug (60-80BP) [#] 3 6,000,000           18,000,000  
  Pilot Launch [#] 1 1,500,000             1,500,000  
  Mooring Launch [#] 3 500,000             1,500,000  
  Total                23,000,000  
           
Utilities Unit  Value   Unit Rate   Total CAPEX  
  Power supply and electrical facilities [#] 1 5,000,000             5,000,000  
  Potable water facilities [#] 1 500,000                500,000  
  Waste Management Facility [#] 1 500,000                500,000  
  Storm water drainage [#] 1 750,000                750,000  
  Foul water system [#] 1 750,000                750,000  
  Total                  7,500,000  
           
Miscellaneous Unit  Value   Unit Rate   Total CAPEX  
  Mobilisation [#] 1 2,000,000             1,000,000  
  Aids to navigation [#] 1 500,000                500,000  
  Total                  1,500,000  
       
Total Capital Expenditure in US$              316,501,781  
  Preliminaries (10%) [%] 10%  31,650,178  
  Contingencies (20%) [%] 20%  63,300,356  
  Engineering (5%) [%] 5%  15,825,089  
                427,277,404  
 




