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Summary 
When the new locks of the Panama Canal are finished in 2015 Post Panamax vessels are able to sail through the 

Panama Canal. This will increase the container traffic intensity through the Caribbean. China Harbour 

Engineering Company (CHEC) wants to anticipate on this expansion of the Panama Canal by investing in a 

US$1.5 billion transshipment port in the Caribbean. Jamaica is an interesting location to realize this port, 

because of its ideal central position in the Caribbean and its location lies in the doorway of the Panama Canal. 

CHEC aims for the Goat Islands in Jamaica as their location for the new port. Normally the Jamaican government 

welcomes foreign investments of CHEC with open arms, but the Goat Islands are an environmentally protected 

area. Recently, this led to many complains by environmentalists.  

 

The new port can only be successful if it has a good competitive position with respect to other ports. The new port 

in Jamaica is a location with high potency to accommodate the container vessels which have ports at the East 

Coast of North America as destination. To attract shipping companies to the new transshipment port in Jamaica 

the price and efficiency of the new port must be competitive with other ports. As the new port of Jamaica doesn’t 

have a large hinterland and focusses mainly on transshipment, shipping companies are not bounded to Jamaica 

and can switch easily to other ports. The most competitive ports are Mariel (Cuba) and Freeport (the Bahamas).  

 

This report proposes designs and alternative locations for the new port. To find the ideal location for a new port 

in Jamaica different potential areas are selected and studied. The first steps resulted in sixteen possible locations 

for the port. Two Multi Criteria Analyses (MCA’s) resulted in a selection of four locations. Those possible locations 

for the new port are: the Goat Islands, Jackson Bay, Maccary Bay, and Little Bay. The best location is not found, 

because all the four locations are well-matched for their designed level of detail. Therefore the recommendation 

is made that all the four locations should be designed in a higher level of detail, so the decision makers can make 

well informed choices for the people of Jamaica. Because the media attention, the Jamaican government, and 

CHEC are more focusing on the Goat Islands than on the other locations, the location Goat Islands is designed 

further into detail. 

 

For designing the port the total surface of the port of 12 km2 is divided into port area for transshipment (4 km2) 

and area for the use of industry (8 km2). The transshipment area has a quay length of 3 kilometer, which provides 

enough berthing space to handle seven Post Panamax ships and one Panamax ship simultaneously. The maximum 

expected throughput of 7 million TEU per year is found. The transshipment area is also designed into further 

detail. Super Post Panamax ship-to-shore cranes, multi trailer systems and rail mounted gantry cranes are most 

suitable for the port. The hinterland connection is also designed. A road connection is needed and a railway 

connection is designed as an option. The industrial surface can be used for many different facilities. These facilities 

are the assembling of gantry cranes for the Americas and creating cement and steel for export purposes. These 

activities need quay length which is included in the design of the total layout. Also space is reserved for a 

manufacturing facility, a logistics center, a LNG power plant, and a major IT facility.  

 

The extreme wave conditions for the new port are investigated to come up with the design loads. Extreme waves 

with a return period of 1/200 years give a surge level of 2.0 meter and wave heights of 4.0 meters at the port 

entrance. Behind the port is found a higher surge level of 2.5 meters. Next to the extreme conditions the downtime 

of the port due to waves is established. Tropical storms are not strong enough to cause downtime, because of the 

sheltered area of Portland Bight. Only during hurricanes the port is not operational. 

 

The economical, social, and environmental impacts of the new port are described. For the new port the most 

favorable port model and a finance scheme are found. A private service port model with full concession in 

combination with a Build, Operate, and Transfer contract (BOT) is advised. The land will still be owned by the 

Jamaican government, but CHEC will fulfill both the functions of port authority and port operator. An 

environmental impact assessment has to be performed, because there are more issues besides the destruction of 

Little Goat Island, harming the fish sanctuary, and the impact on the total Portland Bight. Also these three issues 

should be investigated in detail.  

 

A SWOT analysis is carried out to find the strengths, weaknesses, opportunities and threats. The main 

opportunity and threat is the change in expected throughput. To deal with this uncertainty an adaptive port 

planning is designed.  



1 Introduction 
This chapter illustrates the reason for the project, the aim of the project, and describes the structure of the report. 

These aspects give an introduction to the rest of the report. 

1.1 Reason for the project 
The reason for the project can be split up into different components. This section contains the background 

information, the description of the problem, and formulates the importance of the project. 

1.1.1 Background information 
In the end of August 2013 the people of Jamaica were shaken up by several news items about their beloved Goat 

Islands in the south of Jamaica. Rumors were going around about heavy investment of the Chinese to create a 

big port in Jamaica for transshipment purposes. The Minister of Land, Water, Environment and Climate and the 

Prime Minister of Jamaica met with the China Harbour Engineering Company (CHEC) during a visit in China 

to talk about this investment (Jamaica Gleaner, 2013a). 

 

When the new locks of the Panama Canal are finished Post Panamax vessels are able to sail through the Panama 

Canal. This will increase the container traffic intensity through the Caribbean significantly (see appendix A, 

Background information). The Chinese (CHEC) want to anticipate on the expansion of the Panama Canal by 

investing around US$1.5 billion in building a transshipment port in the Caribbean (Jamaica Information Service, 

2010).  

Jamaica is an interesting location for this port because of its ideal central position in the Caribbean and it is 

nearby the Panama Canal. The scale of this project is quite intense, because the port area will be about 3,000 

acres (12 km2). The investment consists not only the developing and building of the container transshipment port, 

but also plans are made to create an industrial area (Jamaica Information Service, 2013c). During CHEC’s first 

investigation at Jamaica the Goat Islands area (see Figure 1-1) was chosen as primary possible location for their 

port. The Goat Islands lie 20 kilometers west of the capital of Jamaica, Kingston. 

 

 

1.1.2 Problem description 
CHEC’s aim for the Goat Islands gave a lot of tumult with local environmentalists because the Goat Islands are 

an environmentally protected area (Jamaica Observer, 2013). North of the Goat Islands lies a large fish sanctuary 

where juvenile fish can grow up, protected from bigger fish. Next to the environmental impact there are also 

voices complaining about ‘selling their birthright for less than a mess of pottage’ (Espeut, 2013). For now, little is 

known about the benefits for the (local) Jamaicans. This makes them very skeptical about the new transshipment 

port. 



However, extra economic activity will give the Jamaican economy a (necessary) boost. On one hand the Jamaican 

government normally welcomes foreign investments of CHEC with open arms (see appendix A, Background 

information), but on the other side the Goat Islands are an environmentally protected area. This raises big 

discussions amongst almost everyone in Jamaica and reaches to the highest level of the Jamaican politics 

(Jamaica Gleaner, 2013b).   

1.1.3 Importance of the project 
The balance between (environmental/social) costs and benefits is mainly political, but engineers can propose 

designs and alternatives for this port. By investigating stakeholders and looking at reference ports, designs can 

be made. By showing alternative locations, showing different lay-outs, summing up the strengths, weaknesses, 

threats, and opportunities, and investigating the (social, environmental, and economical) impact of the new port 

the decision makers can make well informed choices for the people of Jamaica. The challenge is to find solutions 

that are most beneficial for all concerned parties. 

1.2 Aim of the project 
The purpose of this report is to present the Jamaican government possible alternative locations instead of only 

focusing on the Goat Islands and present a good design for the new port. Together with analyses about 

competitiveness, other stakeholders, possible port models, impact of the new port for Jamaica, and impact on the 

existing port of Kingston this gives a clearer and wider view of the subject. The goal is to show the reader that 

the described problem description in the previous section is in fact an opportunity.  

 

The main question which will be answered in this report is: 

What is the best (economical/social/environmental) way, location, and design to develop a 12 km2 new port in 

Jamaica?  

1.2.1 Research method 
Various methods of information gathering are done during this project. Literature studies were executed and site 

visits were carried out to gather on site information. During the time of the project different involved people were 

consulted: Dr. Hu and her colleague engineers of CHEC, several environmentalists, local fishermen, Dr. Robertson 

(former cabinet minister and senior director of the Port Authority of Kingston), and the engineers of Smith Warner 

International ltd. 

1.2.2 Boundary conditions and principles 
During the research of this project many assumptions are made. These assumptions are explained in their 

relevant chapters and their associated appendix. However, the most important boundary condition is that only 

Jamaica is investigated for possible locations and not any of the other Caribbean countries. These countries are 

seen as competitors. The most important principle that is used is that Jamaica will benefit from the port 

regardless of its location on the island. This means not building the port at all is not considered as an option in 

this report. 

1.3 Structure of the report 
Chapter 2 describes the specifications of the project. In this chapter the stakeholder analysis is carried out, 

competitors are defined, and design values are established. Chapter 3 continues with possibilities for the port 

location. The locations with the highest potential are selected and different basic layouts are sketched. In this 

chapter a reflection on the design values from chapter 2 is executed. A detailed design for one of the locations is 

found in chapter 4. Here, possibilities for the industrial area, the layout of the port, and the hinterland connection 

are treated. Deeper analyses of the waves and the subject adaptive port planning can also be found in this chapter. 

The final design of the port is stated in the end of chapter 4 and continues in chapter 5 by describing the impact 

of this port design. Finally, conclusions can be found in chapter 6 and recommendations in chapter 7.  



2 Specifications 
Before a design is made it is important to know different aspects of the port design. From the background 

information (appendix A, Background information) the first design requirements are known. It is important to 

analyze the stakeholders and the possible competitors of the new port. Without these analyses it is not clear which 

aspects are desired to be included in the design process. After these analyses the values for different design values, 

for instance depth of approach channel, can be determined.  

2.1 Stakeholders 
A stakeholder analysis is performed (see appendix B, Stakeholder analysis) to get an overview of the different 

stakeholders and their interest, power, and attitude. In the analysis there is a distinction made between different 

decision processes, which occur during the development of the new port. These are location choice processes, port 

design processes, and contract processes. The stakeholders can be divided into three groups which are presented 

below. 

 

 Jamaica 

o Government of Jamaica 

o Port Authority of Jamaica 

o Environmental protection organizations 

o Jamaican press  

o Jamaican citizens 

 

 China 

o China Harbour Engineering Company Ltd. (CHEC) 

o China Communications Construction Company Ltd. (CCCC) (Parent company CHEC) 

 

 Others 

o Shipping companies 

o Other transshipment ports in the Caribbean 

 

The most important stakeholders are the Government of Jamaica and CHEC. CHEC wants to make the 

investment and develop the port, but the Government of Jamaica needs to give permission. CCCC and the Port 

Authority of Jamaica are also important stakeholders, they should definitely be included in the decision making 

processes about the port location and port design. In these decision making processes it is important to consult 

the environmental protection organizations and the people of Jamaica.  

For the port design processes it is useful to consult the shipping companies for their needs. Also the other 

transshipment ports in the Caribbean should be analyzed in the port design process to ensure a good position as 

a competitor for the new port. More about competitiveness will be discussed in the next section, 2.2. 

In the contract processes the Government of Jamaica and CHEC should be included. If possible also the shipping 

companies can be included in this process. Also in these processes it is important to consult the Jamaican people. 

In all the processes the Jamaican press should be informed to keep the project as transparent as possible. 

2.2 Competitiveness 
The new port can only be successful if it has a good competitive position with respect to other ports. Therefore it 

is advised to include competitiveness in designing the details of the port. The competitiveness of the new port is 

described in appendix D, Competitiveness.  

The new port in Jamaica is a location with high potency to accommodate the container vessels which have ports 

at the East Coast of North America (the middle and the north of North America) as destination. The most 

competitive ports are Mariel (Cuba) and Freeport (the Bahamas). The highest share of opportunities for the new 

port in Jamaica is the transshipment of containers with North America as destination. The amount of containers 

which has to be shipped to the East Coast of North America is by far the largest stream transiting the Panama 

Canal. The stream of containers going to the East Coast of North America is also assumed to be the key growth 

driver of the Panama Canal expansion. (Panama Canal Autorithy, 2006) 

To attract shipping companies to the new transshipment port in Jamaica the price and efficiency of the new port 

must be competitive with other ports. This means the new port must not have a too long waiting time, must have 

suitable equipment and technology, and the dwell time of containers must be appropriate. It must be noted if 

these factors are not good enough to compete with other ports, shipping companies probably will switch to another 

port. As the new port does not have a large hinterland and focusses on transshipment, shipping companies are 

not bounded and can switch to other ports easily.  



2.3 Design values 
Based on reference ports (see appendix C, Reference ports) and a reference terminal (Euromax Terminal 

Rotterdam) the values for the different design parameters are established. This is done with different theories in 

appendix G, Design values. The total surface of the port of 12 km2 is divided into different sections for wet and 

dry area and for transshipment and industry. At first it was assumed that 50% (6 km2) of the port area is used 

for transshipment (wet and dry) and the other 50% is used for industry (wet and dry). Based on the design of the 

Maasvlakte 2 (part of the Port of Rotterdam, the Netherlands) it is assumed that the dry surface of the 

transshipment port is 50% of the total surface of the transshipment port. This dry surface is 3 km2. With this 

known surface the maximum expected throughput and the average dwell time are estimated based on references 

ports and Ligteringen & Velsink (2012). After a sensitivity analysis is performed, the division of the surfaces is 

changed. This analysis will be explained in the next paragraph.  

To determine the number of berths and the corresponding quay length, reference ports and the maximum expected 

throughput are used. Reference ports are used to estimate the number of berths with the knowledge of 

(Ligteringen & Velsink, 2012). Two different methods are used for calculating the quay length. The two different 

values for the quay length are used in the sensitivity analysis. 

 

A sensitivity analysis is performed to investigate the difference in value for the total port design between a quay 

of 3 kilometer (according to the queuing theory) and a quay of 6 kilometer (according to reference ports and linear 

scaling). This is described in appendix K, Sensitivity analysis. This analysis is done by adapting the port design 

for different locations and a multi criteria analysis, this is explained in chapter 3.  

 

Besides the above parameters the values for the dimensions of the approach channel are established. For the 

industrial part the distinction between dry and wet area is made. Also the number of berths and the quay length 

of the industrial part are determined. All the established values for the design parameters from appendix G, 

Design values, are shown in Table 2-1. After the sensitivity analysis some of the design values are changed, this 

is shown in the last column of Table 2-1. 

 

 First design After sensitivity analysis 

Surface port 

area 

Transshipment port Dry 3 km2 

Wet 3 km2 1.5 km2 

Industrial area Dry 5 km2 6.5 km2 

Wet 1 km2 

Approach 

channel 

Width 500 m 

Length in port At least 500 m 

Diameter turning circle At least 732 m 

Depth Transshipment port At least 18 m 

Industrial area At least 15 m 

Average dwell time 7.5 days 

Maximum expected throughput Nearly 7 million TEU 

Number of 

berths 

Transshipment port 15 berths 8 berths 

Industrial area not determined 6 berths 

Quay length Transshipment port 6 km 3 km 

Industrial area not determined 2 km 

 

  



3 Port location 
To determine the port location sixteen possible locations at Jamaica are investigated. A pre-selection is made of 

all the locations to come up with the five best locations. Those five locations are investigated further by making 

the port designs. A multi criteria analysis (MCA) is done to select the best locations for the development of the 

new port. A sensitivity analysis is performed to investigate to influence of the quay length on the costs and the 

total value of the designs.  

3.1 Possible locations 
To find the ideal location for a new port in Jamaica different potential areas are selected and studied. The selection 

of the potential areas is done by looking at various kinds of maps (road maps, bathymetry maps, contour maps, 

etc.) to indicate where on the island enough space is found to develop a port with a total area of 3,000 acres (12 

km2). This first step results in sixteen possible locations for the area of the port, see Figure 3-1. The names of the 

numbered places of Figure 3-1 are shown below the figure. Those areas are located at places where only small 

settlements or even none inhabitants are situated along the coast.  

 

 

(1) Portland Bight  - Great Goat Island 

(2) Portland Bight  - Cockpit 

(3) Portland Bight -  Mitchell Town 

(4) Jackson Bay 

(5) Maccary Bay 

(6) Long bay 

(7) Alligator Pond – Calabash Bay 

(8) Parottee 

(9) Black River 

(10) Crawford – West 

(11) Belmont 

(12) Savanna-la-Mar 

(13) Little Bay 

(14) Duncans 

(15) Buff Bay 

(16) Bowden Harbour 

 

After a rough MCA, see appendix I, Site selection, a pre-selection is made of five locations. These locations are (in 

Figure 3-1) the Goat Islands (1), Jackson Bay (4), Maccary Bay (5), Savanna-la-Mar (12), and Little Bay (13). All 

five locations are further investigated. 

3.2 The pre-selected five locations 
Designs are made for the pre-selected locations (Goat Islands, Jackson Bay, Maccary Bay, Savanna-la-Mar, and 

Little Bay), see appendix J, Further investigation of five port locations. All the designs satisfy the first design 

criteria listed in chapter 2. The designs include a dredge and fill balance and a rough estimation of the costs for 

dredging, reclamation, and the costs for the breakwaters. The goal is to find the best possible location which 

satisfies the main question (stated in section 1.2) best. The five locations are explained in the next subsections. 

The total costs are found with indicators and only contains dredging, reclamation and breakwater costs. 



3.2.1 The Goat Islands 
For the Goat Islands five alternative designs are made. The most promising design is shown in Figure 3-2 and 

the key numbers are presented in Table 3-1. The other designs 

can be found in appendix J, Further investigation of five port 

locations.  

 

 

 

 

 

The main advantages of this location are the natural sheltered area of the bay and the connection with the 

highway system of Jamaica. The main disadvantages of the location are the environmental area and the valuable 

nature and ecological systems.  

 

3.2.2 Jackson Bay 
The development of a port at Jackson Bay has good potential, 

because the area is abandoned. There is a lot of space for the 

port without really damaging the nature. It is in a shallow area, 

but close to deep water. This results in a short approach 

channel, but heavy breakwaters need to be designed for 

hurricane waves, see Figure 3-3. This increases the investment 

costs, see Table 3-2. Also some extra investment needs to be 

done for a good connection with the highway system of Jamaica. 

 

 

 

 

Total area excl. appr. channel 12.5 km2

Dry area for transshipment 3.2 km2

Wet area for transshipment 4.1 km2

Dry area for industrial 5.3 km2

Wet area for industrial 0.0 km2

Quay length for transhipment 6.6 km

Quay length for industrial 5.5 km

Length approach channel 5.0 km

Length of breakwater 0.0 km

Total amount of dredging 79.8 mln. m3

Total surplus material 51.8 mln. m3

Volume of breakwater 0.0 mln. m3

Total costs 920 mln. U.S. Dollar

Key numbers

Areas

Lengths

Volumes

Total area excl. appr. channel 11.8 km2

Dry area for transshipment 3.0 km2

Wet area for transshipment 2.7 km2

Dry area for industrial 5.2 km2

Wet area for industrial 0.9 km2

Quay length for transhipment 6.5 km

Quay length for industrial 3.8 km

Length approach channel 4.0 km

Length of breakwater 7.0 km

Total amount of dredging 51.1 mln. m3

Total surplus material 25.7 mln. m3

Volume of breakwater 2.7 mln. m3

Total costs 1,230 mln. U.S. Dollar

Key numbers

Areas

Lengths

Volumes



3.2.3 Maccary Bay 
In Figure 3-4 the port design of Maccary Bay is shown. The main 

advantage of this location is the very large available area and the land 

area is already some meters above sea level. The disadvantage of a 

port at Maccary Bay is the long approach channel which can be seen 

in (the costs in) Table 3-3. 

 

  

3.2.4 Savanna-la-Mar 
This location is just west of the city Savanna-la-Mar (a town in the west of Jamaica). The surrounding land area 

is large, flat, and not much living can be found over there. It is a very shallow bay and during hurricanes this 

area is naturally good protected against waves, because the waves 

will break in the shallow zone. Therefore the breakwater can be seen 

as an integrated revetment, see Figure 3-5. This advantage (shallow 

waters) is at the same time a disadvantage. A large amount of 

dredging is needed because of the shallow zone while the approach 

channel is not enormous, see Table 3-4 (resulting in a big surplus in 

dredged material).  

 

 

Total area excl. appr. channel 11.8 km2

Dry area for transshipment 3.4 km2

Wet area for transshipment 3.0 km2

Dry area for industrial 4.7 km2

Wet area for industrial 0.8 km2

Quay length for transhipment 6.4 km

Quay length for industrial 2.9 km

Length approach channel 5.5 km

Length of breakwater 6.5 km

Total amount of dredging 96.4 mln. m3

Total surplus material 73.4 mln. m3

Volume of breakwater 0.8 mln. m3

Total costs 1,150 mln. U.S. Dollar

Key numbers

Areas

Lengths

Volumes

Total area excl. appr. channel 11.8 km2

Dry area for transshipment 2.6 km2

Wet area for transshipment 2.8 km2

Dry area for industrial 5.2 km2

Wet area for industrial 1.2 km2

Quay length for transhipment 6.5 km

Quay length for industrial 3.6 km

Length approach channel 12.0 km

Length of breakwater 8.0 km

Total amount of dredging 101.9 mln. m3

Total surplus material 99.8 mln. m3

Volume of breakwater 1.6 mln. m3

Total costs 1,060 mln. U.S. Dollar

Key numbers

Areas

Lengths

Volumes



3.2.5 Little Bay 
A little bit more to the west of the port design of Savanna-la-Mar is the location which is called Little Bay. The 

main advantage of this area with respect to the port design at 

Savanna-la-Mar is the short approach channel, see Figure 3-6.  

This results in less dredging, see Table 3-5.  The other aspects 

are quite similar. There is space for expansion, but it is only 

possible to the east, so a breach in the port has to be made in 

case of expansion. The main disadvantage however is the 

distance to the highway system and Kingston, the biggest 

population of Jamaica. 

 

 

3.3 Sensitivity analysis 
The result of the MCA to select the best of the five locations is not sufficient to select the best possible location. 

This is further explained in appendix J, Further investigation of five port locations. From the five locations 

explained in the previous sections only Savanna-la-mar has a low score. The other four locations are well-matched. 

A small change in weights will change the scores and ranking of the four locations.  

 

Next to this not all the costs are taken into account (building method and time, etc.). There are also uncertainties 

in the design values. Therefore a sensitivity analysis is made. This is only done for the best four locations; the 

Goat Islands, Jackson Bay, Maccary Bay, and Little Bay (so without Savanna-la-Mar).  

 

The sensitivity analysis is found in appendix K, Sensitivity analysis. In this analysis the length of the quay is 

adapted. Reducing the required quay length of the transshipment port has a big influence on the design of the 

port. On the MCA score it does not make a big difference for all the four locations, but on the costs it does. Even 

up to 33% costs reduction (for dredging, reclamation, and the costs for the breakwater) can be accomplished when 

reducing the quay length from 6 kilometer to 3 kilometer.  

 

In the rest of the report the port design is based on 3 kilometer quay length. This also effects the port area 

distribution, see Table 2-1. 

 

Total area excl. appr. channel 12.5 km2

Dry area for transshipment 3.6 km2

Wet area for transshipment 2.7 km2

Dry area for industrial 5.8 km2

Wet area for industrial 0.4 km2

Quay length for transhipment 6.7 km

Quay length for industrial 2.0 km

Length approach channel 1.3 km

Length of breakwater 4.7 km

Total amount of dredging 63.8 mln. m3

Total surplus material 53.3 mln. m3

Volume of breakwater 0.6 mln. m3

Total costs 720 mln. U.S. Dollar

Key numbers

Areas

Lengths

Volumes



3.4 Selecting the location for detailed design 
Using the appendices I (Site selection), J (Further investigation of five port locations), and K (Sensitivity analysis), 

the conclusion can be made that there are four very good alternative locations for a new port. These locations are 

the Goat Islands, Jackson Bay, Maccary Bay, and Little Bay. All the locations are winners in different ways. The 

scores lie close to each other. This makes them very sensitive to the assumptions that are made. 

 

To make a real comparison all the locations have to be designed to their final stage. A lot of aspects have to be 

established or designed in more detail. 

 

 First of all, some of the design values have to be set, such as dry surface and aimed throughput. 

 Also the design life time and the probability of failure have to be established. With those parameters the 

design return period of waves can be calculated. The wave and wind data have to be analyzed and the 

modeling of the waves near shore, the associated design wave height for the return period can be found. 

With these parameters the breakwaters and the port can be designed in more detail and a good 

estimation of the costs can be given.   

 The designed breakwaters in the sensitivity analysis are too rough and also the price per cubic meter is 

the same everywhere, which is not true in reality.  

 The sedimentation in the port and approach channel have to be simulated for the costs of maintenance 

dredging.  

 A bathymetric survey with higher accuracy has to be done for establishing the real amount of dredging.  

 The dredged material has to be investigated. Can the material be used for reclaiming?   

 The currents have to be modeled to see if the approach channel doesn’t lead to unnecessary downtime.  

 For all the locations a timeframe of the building process should be made. A shorter building time is 

preferable, because of the finishing of the expansion of the Panama Canal in 2015.  

 Also an Environmental Impact Assessment has to be made for every location. What is really the 

consequence of building and operating the port? Which environmental aspects are important? Where and 

how is the environment compensated in case of destroying some environmental areas?  

 A Social Impact Assessment has to be made. Which part of Jamaica needs the economic boost the most? 

Which location is preferable for (the Government of) Jamaica?  

 

Only after making a final and detailed design for all the four locations the involved parties can choose the best 

location.  

 

Because of limited time for this project only 

one location will be investigated further. 

This further design is not a complete design 

including all the details described above. For 

example, bathymetric survey, currents, and 

sand quality cannot be checked in this 

project. It is recommended to investigate 

these in future studies. 

The location Goat Islands looks the most 

interesting. It looks like media (and public 

opinion), government, and CHEC are more 

focusing on the Goat Islands than on the 

alternative locations. Although three very 

good alternatives are found, it would be a 

challenge to show all stakeholders that it is 

possible to use the Goat Islands for a port 

and keep the environment in mind. The 

Goat Islands design (see Figure 3-7) is 

chosen as design to be further investigated 

and designed.  

 



4 Port design 
The port design consists of a transshipment part and an industrial part. First the facilities in the industrial part 

are listed. After that the layout of the new port (both parts) is shown. Two options for the hinterland connection 

are illustrated and adaptive port planning is applied to the port. Finally, a wave analysis is done for the new port. 

4.1 Industrial facilities 
To increase the value of the new port, 6.3 km2 is reserved for industrial activities that are not directly related to 

the (container) transshipment port. The industrial area can be used for many different facilities. There are 

multiple news articles in which is stated which kind of facilities will be located in the industrial area of the new 

port (Jamaica Information Service, 2013a) (Jamaica Information Service, 2013b) (Jamaica Information Service, 

2013c). Based on these news articles the division of the industrial area is made. More information can be found 

in appendix H, Industrial area. 

 

At this moment the assembling of gantry cranes is done in China, but a large demand of gantry cranes is in the 

Americas. Therefore Jamaica is a good location for assembling the gantry cranes, because of the shorter 

distribution distance. This assembly plant will be located in the new port. 

  

A cement plant and a steel fabrication plant will also be built in the industrial area. These facilities are used for 

export. The assembly plant, cement plant and steel fabrication plant all need two berths (650 meters of quay 

length). The total quay length for the industrial area is 2 kilometer, see Table 2-1.  

 

To provide the new port with energy a power plant will be constructed. The power plant will use LNG, which is 

transported by LNG vessels. For the mooring of the LNG vessels a jetty is needed.  

 

The ideal location for building a logistics center and manufacturing facilities is the industrial area which is close 

to the transshipment area. The logistics center could contain warehouses, freight forwarders and repair depots. 

Also a major IT facility will be built. 

 

All the facilities have to be connected to the infrastructure for the transportation of cargo and employees. 

Therefore a part of the industrial area is reserved for related and supporting infrastructure. 

4.2 Layout 
A layout for the new port is made. This is divided 

in a layout for the industrial area and a layout 

for the transshipment area.  In appendix L, 

Layout of the port, more detailed information 

about the layout of the new port is given. 

4.2.1 Industrial area 
The mentioned facilities for the industrial area in 

section 4.1 are placed in the new port, see Figure 

4-1. 

 

The location of the power plant is assigned first 

in the layout of the port, because the placement 

has a lot of constraints. The power plant is 

assumed to be a LNG power plant, which is 

hazardous liquid bulk. The power plant must be 

located at a place which is not close to the villages 

and factories. A jetty in a branch of the approach 

channel and a pipeline to the power plant is 

constructed. This is not visible in Figure 4-1. 

Taking all these constraints into account, the 

best location for the power plant is southeast of 

the transshipment area.  

 

After the power plant the facilities which need quay length are placed, because they all need to be placed at the 

waterfront. These facilities are the cement plant, assembly plant and the steel fabrication plant. 



 

The rest of the area is used for the IT facility, manufacturing facility and the logistics center. The related and 

supporting infrastructure connects all the facilities. As mentioned before the manufacturing facility and the 

logistics center are closer to the transshipment port than the IT facility.  

4.2.2 Transshipment area 
A layout for the transshipment area of the port is made. The transshipment area is divided in the storage yard, 

apron area, between storage yard and apron area and the other areas. This layout is shown in Figure 4-2. 

 

Apron area 

Super Post Panamax ship-to-shore cranes are used at the quay to load and unload the vessels. In case of future 

expansion for handling Super Post Panamax vessels, only dredging is needed and not replacement of the cranes. 

Next to that this cranes have a high capacity.  

Five cranes are needed to (un)load a Post Panamax vessel and four cranes are needed to (un)load a Panamax 

vessel. If seven Post Panamax vessels and one Panamax vessels are simultaneously being (un)loaded the 

maximum number of cranes is needed. For this situation 39 cranes are needed in total. Each crane can handle 

100 containers per hour. The maximum number of containers per hour that will be handled is equal to (39 * 100=) 

3,900 containers per hour. It takes 24 hours to unload a Post Panamax vessel with 12,000 TEU. (Five cranes are 

used, which can handle 100 containers per hour per crane. 12,000 / (5*100) = 24.) It will take 12.5 hours to unload 

a Panamax vessel with 5,000 TEU.  

 

Within the storage yard 

Rail mounted gantry cranes are most 

suitable for stacking the containers in the 

new port. This system has a good space 

utilization, is reliable, has low maintenance 

requirements and auto-mation is possible. 

However, this system requires a high 

investment and is inflexible, but it is 

assumed that the cranes will be positioned 

appropriately for a long period and no 

flexibility in the apron area is necessary. 

(Ligteringen & Velsink, 2012) 

 

The design of the storage yard is based on 

Terminal 2 at the port of Jebel Ali in Dubai. 

This terminal uses rail mounted gantry 

cranes, is able to handle Post Panamax 

vessels, and handles the same amount of 

TEU per squared kilometers compared to 

the expected throughput per squared 

kilometer of the new port. (DP World) (The 

National, 2013) (CSS Group, 2013) 

 

The layout of the storage area of the new 

transshipment port will be based on the 

layout of the terminal at the port of Jebel Ali. 

The layout of the storage area is shown in Figure 4-3. There is space for stacking areas, the rails, an area for the 

picking up and putting down the containers and there is enough space for vehicles to pass. Between the stacking 

areas (at the short side) there is a two-way lane for transporting the containers. The rail mounted gantry cranes 

are able to serve different stacking areas, because the rails are extended between the stacking areas. In total 109 

rail mounted gantry cranes are needed for the new port. 

 



 

It is assumed that 15% of the area consists of empty containers and therefore 15 empty containers handlers are 

needed. 

 

The capacity of the storage area is approximately 317,000 containers. With an average stacking height of 5.25 

containers (75% of the nominal stacking height) the number of stacked containers during full occupancy is equal 

to approximately 237,000 containers. However, the occupancy is normally around 70%, (the arrival of ships is not 

uniform distributed), so the average number of containers on the storage yard is approximately 166.000. 

 

Between apron area and storage yard 

At the port of Jebel Ali in Terminal 2 yard tractors with trailers are used for the transport of containers between 

the apron area and the storage yard. (DP World, n.d.) These can also be used in the new port. A low investment 

for the pavement is needed. The trailers have low maintenance costs and are simple and flexible in operation. 

However, a large number of them is needed, they have a low throughput capacity and are labor intensive. 

(Ligteringen & Velsink, 2012) It is also possible to use a multi trailer system. This is a yard tractor which pulls 

up to five trailers. These trailers stay in place while making a turn. By using a multi trailer system less drivers 

are needed, a high throughput capacity can be reached and the traffic peaks are easily absorbed, but they are less 

flexible in operation.  

 

As mentioned before, a maximum of 3,900 containers per hour can be handled by the ship-to-shore cranes. One 

round trip with a multi-trailer system is assumed to take 26 minutes, so 12 containers can be handled per hour 

by one multi trailer system. In total 338 tractors and 1690 trailers are needed in the new port. 

 

Other areas 

10% of the area is reserved for buildings, equipment, and infrastructure. The road is designed through the 

industrial area of the port and enters the transshipment part at the northeast. The road is extended up to the 

power plant. There is also space for constructing a rail connection next to the road and there is space for an 

(un)loading area for the trains. This is further explained in the next section, 4.3. 

4.3 Hinterland connection 
The new port must be integrated with the current infrastructure of Jamaica. For the new port a good hinterland 

connection is necessary during the building phase and the operational phase.  

 

The hinterland connection is needed for transporting people and goods from and to the new port. The main 

advantage of the location of the new port is the small distance from the port to the highway system of Jamaica. 

Furthermore this highway is in good condition, so can provide a fast connection to (for instance) Kingston. A road 

connection is needed for sure. It is not necessary to build a railway system right away. This strongly depends on 

the development of the total rail infrastructure and rail operations in the rest of Jamaica.  

 

For the connection between the current network and the new port there are two options, see Figure 4-4. The first 

option is shorter and is lower in price, but the impact might be higher, because it is closer to settlements. The 

second option is more expensive due to its length, but the impact on the settlements is lower. Which of the option 

is favorable depends on the available budget and policy.  



 

 

The hinterland connection is described in more detail in Appendix N, Hinterland connection. 

4.4 Adaptive port planning 
Because of uncertainties during the planning, design and operation phase it is possible that conditions change in 

the future. This causes the original plans to fail and this could result in a loss of cargo, loss of investment and loss 

of the competitive position of the port. To make plans which include this uncertainty it is possible to anticipate 

on the future developments and revise the master plan during the lifespan. This is called adaptive port planning. 

(Taneja, n.d.) 

 

For the new port a basic plan is made. This 

basic plan includes facilities which will be 

constructed definitely. Next to that a set of 

pro-active actions is listed, which include 

the construction of facilities based on the 

future demand. This is shown in Figure 

4-5. In appendix M, Adaptive port 

planning, more information can be found 

about the adaptive port planning.  

 

The basic plan consists of a few facilities 

which will be constructed definitely, 

shown in Figure 4-5 with the dark red 

colors. It is advised that the dry area of the 

port (industrial and transshipment) must 

reclaimed in the first stage. The main 

infra-structure and the assembly plant 

has to be built completely. The assembly 

plant must be constructed, because cranes 

are needed for the transshipment area and 

it is assumed there is already enough 

external demand. Basically there are no 



big uncertainties for building these facilities. Also (a part of) the power plant, the assembly plant and (a part of) 

the transshipment area have to be constructed. A part of the power plant will be constructed definitely, because 

the new port definitely needs energy. A part of the transshipment area will be needed definitely, because in the 

beginning there will be vessels mooring at the port (if the competitive power is large enough, see appendix D, 

Competitiveness). A piece of the transshipment port will be built when there is enough demand, shown in Figure 

4-6. One part is definitely constructed. When more surface is needed for transshipment the area could be extended 

more to the right in the figure and when even more surface is needed expansion is possible. 

 

The set of pro-active actions consists of 

facilities which will be constructed when 

there is enough demand. These facilities 

are the cement plant, steel fabrication 

plant, IT facility, manufacturing facility 

and logistics center. These facilities are 

shown in Figure 4-5 with the light color. 

 

Due to stepwise development of the port 

there will be an undeveloped area, which 

can be assigned to the facilities which have 

an increased demand and need more area. 

This can be repeated multiple times until 

the whole area is fully in use. By using this 

way of port planning the needed area per 

facility could be different in the future than 

expected. Parts of the facilities which are 

first built must be located at a wisely 

chosen location. The constructions which 

cannot be moved should be located at a 

place which do not block the adjacent 

parcels to expand.  
 

4.5  Wave analysis 
The extreme wave conditions for the new port are investigated 

to come up with the design loads. The return period is set to 

1/200 years and the associated hurricane waves offshore are 

gathered from existing data with HURWave. The hurricanes 

wave are modeled near shore with MIKE 21 and the extreme 

waves at the port entrance are calculated, see Figure 4-7. This 

is described in more detail in appendix O, Wave analysis. 

 

The extreme wave conditions with a return period of 1/200 

years at the entrance of the port are: 

 

 Surge level   2.0 meters 

 Wave height   4.0 meters 

 Wave period   4.5 seconds 

 Wave and wind direction  From the south 

 

 

 

 

 

 

 

 

 

 

 



 

The downtime of the port is established with existing data of 

node 10, see Figure 4-8. This data is based on 3 hour time 

series, recorded between July 1999 and November 2007. The 

hurricanes are filtered out of this data, because during the 

hurricanes the port is not operational. The hurricanes in this 

data are Iris (2001), Chantal (2001), Ivan (2004), Charley 

(2004), Emily (2005), and Dean (2007). For this data the 

highest values for the wind speeds and wave heights 

(exclusive hurricanes) is modeled near shore with MIKE 21. 

This modelling results in no exceedance of the maximum 

wave height (Hs) of 1.5 meters in the approach channel. If 

Hs > 1.5 meters, the tugboats cannot fasten to the containers 

vessels, so no approaching is possible. (Ligteringen & 

Velsink, 2012) Even during a tropical storm (like Claudette 

on July 9, 2003) the wave heights in the approach channel 

are lower than 1.5 meters. The Portland Bight Area (with 

coral and small islands) gives really sheltered area for the 

port and only during hurricanes there is downtime. 

 

Noticeable are the wave heights and the surge level behind the Goat Islands during hurricanes. The port blocks 

the water flow behind the Goat Islands which results in a big water set-up, see Figure 4-9. Because of the higher 

water level during hurricanes also the wave heights increase. This phenomenon has to be investigated for 

protection of the back of the port and for the influences on the fish sanctuary.  

 

 

 



5 Impact of the new port 
The new port will have impact on certain issues. There are environmental aspects, but also economic and social 

impacts. These different impacts are discussed in this chapter. At the end other threats and opportunities are 

also described. 

5.1 Economic and social impact 
For the new port a private service port model with full concession is advised as described in appendix E, Port 

model and financing scheme. The land will still be owned by the Jamaican government, but CHEC will fulfill both 

the functions of port authority and port operator. The owning of the land by the Jamaican government is 

important, because in this way there is no risk CHEC could sell the land (this is a risk in case of a full 

privatization) and probably the government doesn’t want to sell their land to CHEC anyway. (World Bank, n.d.) 

 

A concession contract is often combined with a financing scheme, like a Build, Operate, and Transfer contract 

(BOT). With the BOT arrangement the government of Jamaica gives CHEC the responsibility for constructing, 

financing, operating and maintaining the port.  

CHEC has the freedom to construct and operates the new port in the way they want it. CHEC is responsible for 

the financial risks and has to do all the investments. Therefore the investigation of the financial feasibility and 

the debt repayment capacity are very important. The contract with Jamaica is of great importance for CHEC, 

especially for the payments and the duration of the concession.  

Jamaica doesn’t have to invest in the new port and doesn’t have to take care of the financial risks. The land of the 

port will be transferred to CHEC, but after the period of concession Jamaica gets the land back together with the 

port. At that point Jamaica can decide what to do with the port, for instance lease the port or grant a concession 

for a new management contract. The government of Jamaica will receive a base fixed fee and a variable fee in 

return for the land lease. This variable fee is based on the revenue or based on the cargo. This means that Jamaica 

have more benefits if the business in the port is going better. More information can be found in appendix E, Port 

model and financing scheme. 

 

However, there are some indirect financial risks for the current port of Kingston. When there is a new port in 

Jamaica, the transshipment activities at the current port of Kingston will probably move to the new port, because 

of its (probably) better equipment, price or faster handling time. The port of Kingston has at this moment a high 

transshipment percentage of 85% of its total throughput (see appendix C, Reference ports). In case of a decrease 

of throughput in the current port of Kingston the surface has to be redeveloped, see appendix F, Redevelopment 

of the port of Kingston. There are different possibilities for the redevelopment of the port of Kingston. A few 

possibilities are the export of limestone, increasing the tourism in Kingston, deep sea fishing and container 

handling with a low value of time. There are more possibilities than the ones that are mentioned. It depends on 

the policy of the port authority what will happen with the current port of Kingston. 

 

In appendix A, Background information, it is told that the construction of the new port possibly will employ 2.000 

people and after construction 10.000 people will be employed. The Prime Minister of Jamaica has said that “it 

will be a non-negotiable requirement that the majority of these workers will be Jamaican nationals.” (Jamaica 

Information Service, 2013a) The creation of these jobs will have a social and economic impact on Jamaica.  

5.2 Environmental impact 
The environmental impact can be divided in three different main impacts, as discussed in appendix P, SWOT 

Analysis. The first one is the destruction of Little Goat Island. This island is used for the land area of the port. 

The destruction of Little Goat Island can be compensated with new nature somewhere else. 

Another impact involves the fish sanctuary behind Great Goat Island. The new port is designed next to this 

sanctuary. During the building phase the sanctuary will be harmed by for example constructing the sheet piles. 

There might be ways to minimize the disturbances of the sanctuary during construction, but this increases the 

investment. Also during operational phase the fish sanctuary will be harmed. The port blocks the north entrance 

of the fish sanctuary, so there is only a south entrance. This is a change of the current situation and maybe 

influences the habitat of the juvenile fish. Next to this the water level set up and the waves will be higher than 

nowadays, especially during hurricanes, this is shown in appendix O, Wave analysis. Maybe it is possible to 

relocate this sanctuary, but this is a difficult and expensive operation. If this can be done, the issue of the fish 

sanctuary becomes smaller. 

The last impact is the environmental impact for the bay. The currents and waves will change in the rest of the 

bay, because of the port and the approach channel. The waves will propagate different due to the port and its 

approach channel. This impact should be further investigated, before measures can be stated. Also the landside 



of the bay will change, especially the area where the port will be built. This impact should be investigated in more 

detail, before measures can be presented. 

To get a good overview of the environmental impact an environmental impact assessment has to be performed.  

5.3 Opportunities and threats 
Besides the above mentioned positive and negative impacts of the new port, there are other opportunities and 

threats. These are mentioned in appendix P, SWOT Analysis.  

 

Next to the economic boost there is another opportunity when the port is built. This is receiving a higher 

throughput than expected. A growth in throughput will be a direct opportunity for CHEC to make more profit. In 

case of a variable tariff (based on the throughput) in the land lease contract, a higher throughput will also be 

beneficial for Jamaica.  

Causes for this opportunity can be being a good competitor or growth of the container flow through the Caribbean. 

The throughput can grow due to competitiveness by being better on (a) certain aspect(s) than the competitors. 

This can be achieved with a good strategy.  

If the overall container flow in the Caribbean grows, the throughput of the port might also grow. The flow can 

grow due to an increase in economies such as Brazil or due to an increase in import of the US or due to an increase 

of trade in the Caribbean. Another reason for a growing container flow might be the construction of the Nicaragua 

Canal, see appendix A, Background Information. These factors cannot be influenced by measures. More about the 

competitiveness, container flow and the trade routes is described in appendix D, Competitiveness.  

 

Where an increase of the throughput is an opportunity, a decline of the throughput is a threat. A decrease of the 

throughput leads to a decrease of the income. Also a lower throughput than expected is seen as decrease.  

This threat can happen due to competitiveness or a decreasing container flow overall. If the competitors perform 

better on one or more aspects shipping companies might choose another port for their transshipment purposes. 

How competitors act is uncertain and might lead to lower income for the port. It is possible to react on the 

competitiveness to avoid a decreasing throughput. This can be done by a constant investigation in the strategies 

of the competitors.  

A decreasing flow of containers through the Caribbean can also lead to a decline in throughput. This might happen 

if the economy of the USA decreases or if important trade routes shift. These factors cannot be influenced by 

Jamaica or CHEC with measures. The strategy that can be chosen to cope with uncertainties in the flow of 

containers through the Caribbean is adaptive port planning, as described in section 4.4 and appendix M, Adaptive 

port planning.  

 



6 Conclusions 
To answer the main question, stated in section 1.2, Aim of the project, the conclusion can be split up in three 

different parts. The conclusion is divided into the best location, the best design and the best way for developing 

the new port in Jamaica. 

 

The following conclusions are made about the best location: 

 There are four very good locations for the development of the new port in Jamaica. The following port 

locations all have high potential; the Goat Islands, Jackson Bay, Maccary Bay, and Little Bay. The best 

location is not found. This is because all the locations are well-matched for the designed level of detail. 

 

 The location of the Goat Islands is selected for detailed design, because the Goat Islands are subject to 

much discussion in the media in Jamaica and CHEC aims for the Goat Islands. 

 

The following conclusions are made about the best design: 

 The total surface of the port of 12 km2 is divided into different sections. For transshipment purposes a 

total surface of 4 km2 is needed, of which 3 km2 is needed for the dry area. To increase the value of the 

new port the other 8km2 is designed for industrial activities.  

 

 Using the queuing theory a needed quay length of 3 kilometer is determined. This gives berthing space 

to handle seven Post Panamax ships and one Panamax ship simultaneously. Therefore 39 super Post 

Panamax cranes are needed for (un)loading. The distribution to the storage area is done with a multi 

trailer system, which requires between 300 and 350 tractors. 

 

 A maximum expected throughput of 7 million TEU per year can be reached with a dry surface of the 

transshipment area of 3km2
, more than 100 rail mounted gantry cranes for stacking, sufficient equipment 

(as described in the previous bullet point), and an expected dwell time of 7.5 days.  

 

 Industrial activities at the port are the assembling of gantry cranes for the Americas and creating cement 

and steel for export purposes. These activities need quay length which is included in the design of the 

total layout. Also space is reserved for a manufacturing facility, a logistics center, and a major IT facility. 

To provide the new port with energy a LNG power plant will be constructed. A pipeline and a jetty are 

needed so the LNG ships can moor outside the port. 

 

 Two options are designed for the hinterland connection between the new port and the current network, 

which include a road and a possible railway connection. Due to uncertainties a good advice is not made. 

 

 Only during hurricanes there is downtime. 

 

 The extreme wave heights at the port and behind the port are determined with a return period of 1/200 

years. A surge level of 2 meters and a significant wave height of 4 meters are found at the entrance of 

the port.  

 

 The construction of the designed port at the Goat Islands will have a big impact on the environment. 

Little Goat Island will be destroyed and the construction and operation of the port will probably harm 

the fish sanctuary. The port blocks the north entrance of the fish sanctuary and creates high water level 

setup during hurricanes.  

 

The following conclusions are made about the best way to develop: 

 The whole transshipment area must not be built all at once, but adaptive port planning is advised. The 

transshipment area should be built in stages to deal with uncertainties. 

 

 For the industrial part adaptive port planning should also be used. The power plant has to be built 

definitely, but not directly for the full capacity. The assembly plant can directly be built for the full 

capacity because of the needed cranes for own purposes. The other facilities of the industrial port have 

to be built if there is enough demand.  

 For the new port a private service port model with full concession is advised. The combination with a 

Build, Operate, and Transfer (BOT) contract is most suitable. With the BOT arrangement the 



government of Jamaica gives CHEC the responsibility for constructing, financing, operating and 

maintaining the port. CHEC leases the land and returns it to the government when the concession period 

ends.  

 

 The new port has good opportunities for transshipping containers transiting the Panama Canal with the 

south of North America and the middle of North America as destination. However the shipping companies 

are not dependent on the port in Jamaica, because the port does not have a large hinterland and will be 

used for transshipment primary. This makes the port very sensible for sudden changes and its 

competitive power. 

 

 Due to the new port of Jamaica the container throughput to the port of Kingston might drop. There are 

possibilities for redevelopment of the current port to cope with this possible loss. 

 



7 Recommendations 
After eight weeks of research still questions are left unanswered and some aspects are not completely investigated. 

The following recommendations are made: 

 

 The four best possible locations are well-matched for the designed level of detail. Therefore all four 

alternatives should be investigated into further detail. As already described in section 3.3 extra technical 

studies need to be done. Also an in-depth social impact assessment and an environmental impact 

assessment should be executed. Only if these further analyses are done a well-informed decision can be 

made about the best location. 

 

 The maximum expected throughput calculated in the first phases of the project depends on several 

assumptions. This throughput is an important factor for all the calculations and designs later in the 

report. The throughput should be estimated with more certainty so the subsequent values will also 

increase in accuracy. 

 

 The sensitivity analysis shows that a quay wall of 3 or 6 kilometer differs a lot in the costs of the port. 

Before a final port design can be made a deeper analysis on expected throughput, dwell time, number of 

berths and quay length should be carried out. 

 

 For now, the design of the industrial area is based only on three news articles. To concretize these made 

assumptions CHEC should be consulted for their goals with the industrial area. 

 

 The wave analysis in this report is far from complete. Only wave heights, water level set-up, wave and 

wind directions, and wave periods are investigated. However, some other impacts should also be 

investigated like the influence of the black river behind the port. Also some investigation should be done 

about the currents and sedimentation in approach channel. The sedimentation and the resonance waves 

in the port should be included in a detailed wave analysis. Also the found results should be validated by 

downing calibration to model. Risks and investments should be established with higher accuracy so the 

optimal investment solution can be found. 

 

 As the port is very sensible to changes in the market, the market should be analyzed intensively and 

continuously. Although some flexibility in the port is accounted for in the design (adaptive port planning) 

container forecasts are roughly estimated. 

 

 The economic aspects of the port are analyzed only on a minimal level of detail. This aspect should be 

investigated in much more detail. 

 

 The effects of the new port on the current port of Kingston are unknown and are not investigated in this 

project. These effects should be found as soon as possible, because redevelopment of the current port is 

possibly needed.  
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Appendix D   Competitiveness  
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Appendix G   Design values 

1 Port area 

1.1 Available surface 

1.2 Approach channel 

1.2.1 Required length 

𝐿𝑡𝑜𝑡𝑎𝑙 =  𝐿1 + 𝐿2 +  𝐿3

𝐿1 = (𝑣𝑠 − 2)
3

4
 𝐿𝑠 = (10 − 2)

3

4
∗ 366 ≈ 2200𝑚 



𝐿2 = 𝑣𝑠 ∗ 600 = 2 ∗ 600 = 1200 𝑚

𝐿3 = 𝐿𝑠 ∗ 1.5 = 366 ∗ 1.5 ≈ 500 𝑚

𝐿𝑡𝑜𝑡𝑎𝑙 =  2200 + 1200 + 500 ≈ 3900 𝑚

1.2.2 Required width 

 

 



1.2.3 Required draught 

1.2.4 Turning circle 



2 Transshipment port 

2.1 Maximum expected throughput and average dwell time 

2.1.1 Throughput and dry surface reference ports 
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2.1.2 Dwell time reference ports 



𝐴 =
𝑁𝑐 ∙ 𝑡�̅� ∙ 𝐴𝑇𝐸𝑈

𝑟𝑠𝑡 ∙ 365 ∙ 𝑚𝑐

𝐴

𝑁𝑐

𝑡�̅�

𝐴𝑇𝐸𝑈

𝑟𝑠𝑡

𝑚𝑐

 

 

 

 



2.1.3 Trade-off between throughput and dwell time 

𝐴

𝐴𝑇𝐸𝑈

𝑟𝑠𝑡

𝑚𝑐



2.2 Number of berths & quay length 

 



2.2.1 Berth length 

𝐿𝑞 = {
𝐿𝑠,𝑚𝑎𝑥 + 2 ∙ 15                               𝑓𝑜𝑟 𝑛 = 1

1.1 ∙ 𝑛 ∙ (𝐿�̅� + 15) + 15               𝑓𝑜𝑟 𝑛 > 1

𝐿𝑞

𝑛

𝐿𝑠,𝑚𝑎𝑥

𝐿�̅�

2.2.2 Queuing theory 



 



2.2.3 Linear scaling  

2.2.4 Scaling with normal distribution 

Number of arriving vessels

Normal distribution

µ

2σ

Cum. chance: 97.7 %

µ+2σ



2.2.5 Determine number of berths and quay length 

Number of arriving vessels and number of berths

Normal distribution

x·µ

2·√x·σ

Cum. chance: 97.7 %

x·µ+2·√x·σ



 



3 Industrial area  

 



4 Overview of design values 

 

 

 

 

 



5 References 



Appendix H   Industrial area of the port 

 

 

 

 

 

 

 

 

 

 

 

1 Division of facilities in industrial area 

 Assembly plant 

 Steel fabrication plant 



 Related and supporting infrastructure 

 Logistics center 

 Major IT facility 

 Cement plant 

 Power plant 

 Manufacturing facilities 



2 Overview 

3 References 



Appendix I   Site selection 

1 Locations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Portland Bight - The Great Goat Island 
 







 Portland Bight – Cockpit 



 



  



 Portland Bight - Mitchell Town 



 



 Portland Cottage - Jackson Bay  





 



 Maccary Bay 





 Long bay 





 Alligator Pond – Calabash Bay 



 



 Parottee 





 Black River 





 Crawford – West 



 



 Belmont 



 



 Savanna-la-Mar 





 Little Bay 



 



 Duncans 



 Buff Bay 



 



 Bowden Harbour 





2 Criteria 





3 Weights 



 

 



4 Score 

 

 



 

 

 

 

 

 

 

 



 

 

 

 



5 Conclusion 

6 References 



Appendix J   Further investigation of five port locations 

1 Design parameters 

 

 

 

 



2 Locations including first designs 

 Goat Island 



2.1.1 Goat Islands Design 1 

 

 

 

 

 

 

Total area excl. appr. channel 12.3 km2

Dry area for transshipment 2.8 km2

Wet area for transshipment 3.1 km2

Dry area for industrial 6.0 km2

Wet area for industrial 0.4 km2

Quay length for transhipment 8.3 km

Quay length for industrial 1.8 km

Length approach channel 5.0 km

Length of breakwater 1.3 km

Total amount of dredging 76.3 mln. m3

Total surplus material 82.7 mln. m3

Volume of breakwater 0.1 mln. m3

Total costs 1,160 mln. U.S. Dollar

Key numbers

Areas

Lengths

Volumes

 



Width 0.5 km Reclaimed area 2.8 mln. m2 Length 1250 m Length 1.5 km

Depth 18 m Meters  lifted 0 m Local depth 1 m Width 1 km

Average current depth 11 m Total volume 0.0 mln. m3 Height 4 m Footprint 1.5 km2

Length 5.0 km Crest width 15 m Height on top 80 m

Total volume 17.5 mln. m3 Slope 1: 1 - Total volume 40.0 mln. m3

Footprint 25 m

Cross section 100 m2

Total volume 0.1 mln. m3

Wet area for transshipment 3.1 km2 Reclaimed area 4.8 mln. m2

Average current depth 1 m Meters  lifted 7 m

Depth required 18 m Total volume 33.6 mln. m3

Wet area for industrial 0.4 km2

Average current depth 0 m

Depth required 15 m

Total volume 58.75 mln. m3

Total amount of dredging 76.3 mln. m3 Total amount of reclamation 0.0 mln. m3 Total volume 0.1 mln. m3 Total volume 40.0 mln. m3

Price per cubic meter 7 U.S. Dollar Price per cubic meter 13 U.S. Dollar Price per cubic meter 200 U.S. Dollar Price per cubic meter 15 U.S. Dollar

Total costs 530 mln. U.S. Dollar Total costs 0 mln. U.S. Dollar Total costs 30 mln. U.S. Dollar Total costs 600 mln. U.S. Dollar

Total area excl. appr. channel 12.3 km2 Quay length for transhipment 8.3 km Total amount of dredging 76.3 mln. m3

Dry area for transshipment 2.8 km2 Quay length for industrial 1.8 km Total surplus material 82.7 mln. m3

Wet area for transshipment 3.1 km2 Length approach channel 5.0 km Volume of breakwater 0.1 mln. m3

Dry area for industrial 6.0 km2 Length of breakwater 1.3 km

Wet area for industrial 0.4 km2

1,160 mln. U.S. DollarTotal price dredging, reclamation, excavation, and breakwater

Summary

Areas Lengths Volumes

Excavation of the hill is used to reclaim

Excavation Hill

Great goat island

Inside port Storage area industrial

Amount of Dredging Reclamation material needed Breakwater

Approach Channel Storage area transshipment Breakwater I



2.1.2 Goat Islands Design 2 

 

 

 

 

 

 

 

Total area excl. appr. channel 11.8 km2

Dry area for transshipment 2.8 km2

Wet area for transshipment 3.0 km2

Dry area for industrial 6.0 km2

Wet area for industrial 0.0 km2

Quay length for transhipment 6.5 km

Quay length for industrial 3.0 km

Length approach channel 5.0 km

Length of breakwater 0.0 km

Total amount of dredging 60.5 mln. m3

Total surplus material 81.8 mln. m3

Volume of breakwater 0.0 mln. m3

Total costs 1,020 mln. U.S. Dollar

Key numbers

Areas

Lengths

Volumes

 



Width 0.5 km Reclaimed area 1.8 mln. m2 Length 0 m Length 1.5 km2

Depth 18 m Meters  lifted 5 m Local depth 0 m Width 1 km2

Average current depth 13 m Total volume 8.8 mln. m3 Height 4 m Footprint 1.5 km2

Length 5.0 km Crest width 15 m Height on top 80 m

Total volume 12.5 mln. m3 Slope 1: 1 - Total volume 40.0 mln. m3

Footprint 23 m

Cross section 76 m2

Total volume 0.0 mln. m3

Wet area for transshipment 3.0 km2 Reclaimed area 2.0 mln. m2

Average current depth 2 m Meters  lifted 5 m

Depth required 18 m Total volume 10.0 mln. m3

Wet area for industrial 0.0 km2

Average current depth 0 m

Depth required 15 m

Total volume 48 mln. m3

Total amount of dredging 60.5 mln. m3 Total amount of reclamation 0.0 mln. m3 Total volume 0.0 mln. m3 Total volume 40.0 mln. m3

Price per cubic meter 7 U.S. Dollar Price per cubic meter 13 U.S. Dollar Price per cubic meter 200 U.S. Dollar Price per cubic meter 15 U.S. Dollar

Total costs 420 mln. U.S. Dollar Total costs 0 mln. U.S. Dollar Total costs 0 mln. U.S. Dollar Total costs 600 mln. U.S. Dollar

Total area excl. appr. channel 11.8 km2 Quay length for transhipment 6.5 km Total amount of dredging 60.5 mln. m3

Dry area for transshipment 2.8 km2 Quay length for industrial 3.0 km Total surplus material 81.8 mln. m3

Wet area for transshipment 3.0 km2 Length approach channel 5.0 km Volume of breakwater 0.0 mln. m3

Dry area for industrial 6.0 km2 Length of breakwater 0.0 km

Wet area for industrial 0.0 km2

1,020

Excavation Hill

Approach Channel Storage area transshipment Breakwater I Great goat island

Inside port Storage area industrial

Summary

Amount of Dredging Reclamation material needed Breakwater

Excavation of the hill is used to reclaim

mln. U.S. Dollar

Areas Lengths Volumes

Total price dredging, reclamation, excavation, and breakwater



2.1.3 Goat Islands Design 3 

 

 

 

 

 

 

 

Total area excl. appr. channel 12.5 km2

Dry area for transshipment 2.8 km2

Wet area for transshipment 3.4 km2

Dry area for industrial 6.0 km2

Wet area for industrial 0.4 km2

Quay length for transhipment 7.3 km

Quay length for industrial 1.3 km

Length approach channel 5.0 km

Length of breakwater 1.3 km

Total amount of dredging 77.9 mln. m3

Total surplus material 19.4 mln. m3

Volume of breakwater 0.1 mln. m3

Total costs 1,340 mln. U.S. Dollar

Key numbers

Areas

Lengths

Volumes

 



Width 0.5 km Reclaimed area 2.8 mln. m2 Length 1250 m

Depth 18 m Meters  lifted 6 m Local depth 1 m

Average current depth 11 m Total volume 16.5 mln. m3 Height 4 m

Length 5.0 km Crest width 15 m

Total volume 17.5 mln. m3 Slope 1: 1 -

Footprint 25 m

Cross section breakwater 100 m2

Total volume 0.1 mln. m3

Wet area for transshipment 3.4 km2 Reclaimed area 6.0 mln. m2

Average current depth 1.5 m Meters  lifted 7 m

Depth required 18 m Total volume 42.0 mln. m3

Wet area for industrial 0.4 km2

Average current depth 2.5 m

Depth required 15 m

Total volume 60.4 mln. m3

Total amount of dredging 77.875 mln. m3 Total amount of reclamation 58.5 mln. m3 Total volume 0.1 mln. m3

Price per cubic meter 7 U.S. Dollar Price per cubic meter 13 U.S. Dollar Price per cubic meter 200 U.S. Dollar

Total costs 550 mln. U.S. Dollar Total costs 760 mln. U.S. Dollar Total costs 30 mln. U.S. Dollar

Total area excl. appr. channel 12.5 km2 Quay length for transhipment 7.3 km Total amount of dredging 77.9 mln. m3

Dry area for transshipment 2.8 km2 Quay length for industrial 1.3 km Total surplus material 19.4 mln. m3

Wet area for transshipment 3.4 km2 Length approach channel 5.0 km Volume of breakwater 0.1 mln. m3

Dry area for industrial 6.0 km2 Length of breakwater 1.3 km

Wet area for industrial 0.4 km2

1,340

Amount of Dredging Reclamation material needed Breakwater

Approach Channel Storage area transshipment Breakwater I

mln. U.S. Dollar

Areas Lengths Volumes

Inside port Storage area industrial

Summary

Total price dredging, reclamation, excavation, and breakwater



2.1.4 Goat Islands Design 4 

 

 

 

 

 

 

 

Total area excl. appr. channel 11.3 km2

Dry area for transshipment 3.8 km2

Wet area for transshipment 1.5 km2

Dry area for industrial 5.1 km2

Wet area for industrial 1.0 km2

Quay length for transhipment 6.5 km

Quay length for industrial 3.7 km

Length approach channel 8.0 km

Length of breakwater 0.0 km

Total amount of dredging 77.3 mln. m3

Total surplus material 35.9 mln. m3

Volume of breakwater 0.0 mln. m3

Total costs 1,080 mln. U.S. Dollar

Key numbers

Areas

Lengths

Volumes

 



Width 0.5 km Reclaimed area 3.8 mln. m2 Length 0 m

Depth 18 m Meters  lifted 6 m Local depth 0 m

Average current depth 8 m Total volume 22.5 mln. m3 Height 4 m

Length 8.0 km Crest width 15 m

Total volume 40 mln. m3 Slope 1: 1 -

Footprint 23 m

Cross section 76 m2

Total volume 0.0 mln. m3

Wet area for transshipment 1.5 km2 Reclaimed area 3.2 mln. m2

Average current depth 2 m Meters  lifted 6 m

Depth required 18 m Total volume 18.9 mln. m3

Wet area for industrial 1.0 km2

Average current depth 1 m

Depth required 15 m

Total volume 37.3 mln. m3

Total amount of dredging 77.3 mln. m3 Total amount of reclamation 41.4 mln. m3 Total volume 0.0 mln. m3

Price per cubic meter 7 U.S. Dollar Price per cubic meter 13 U.S. Dollar Price per cubic meter 200 U.S. Dollar

Total costs 540 mln. U.S. Dollar Total costs 540 mln. U.S. Dollar Total costs 0 mln. U.S. Dollar

Total area excl. appr. channel 11.3 km2 Quay length for transhipment 6.5 km Total amount of dredging 77.3 mln. m3

Dry area for transshipment 3.8 km2 Quay length for industrial 3.7 km Total surplus material 35.9 mln. m3

Wet area for transshipment 1.5 km2 Length approach channel 8.0 km Volume of breakwater 0.0 mln. m3

Dry area for industrial 5.1 km2 Length of breakwater 0.0 km

Wet area for industrial 1.0 km2

1,080 mln. U.S. DollarTotal price dredging, reclamation, excavation, and breakwater

Amount of Dredging Reclamation material needed Breakwater

Approach Channel Storage area transshipment Breakwater I

Areas Lengths Volumes

Inside port Storage area industrial

Summary



2.1.5 Goat Island Design 5 

 

 

 

 

 

 

 

Total area excl. appr. channel 12.5 km2

Dry area for transshipment 3.2 km2

Wet area for transshipment 4.1 km2

Dry area for industrial 5.3 km2

Wet area for industrial 0.0 km2

Quay length for transhipment 6.6 km

Quay length for industrial 5.5 km

Length approach channel 5.0 km

Length of breakwater 0.0 km

Total amount of dredging 79.8 mln. m3

Total surplus material 51.8 mln. m3

Volume of breakwater 0.0 mln. m3

Total costs 920 mln. U.S. Dollar

Key numbers

Areas

Lengths

Volumes

 



Width 0.5 km Reclaimed area 1.5 mln. m2 Length 0 m

Depth 18 m Meters  lifted 7 m Local depth 0 m

Average current depth 12 m Total volume 10.5 mln. m3 Height 4 m

Length 5.0 km Crest width 15 m

Total volume 15 mln. m3 Slope 1: 1 -

Footprint 23 m

Cross section 76 m2

Total volume 0.0 mln. m3

Wet area for transshipment 4.1 km2 Reclaimed area 3.5 mln. m2

Average current depth 2 m Meters  lifted 5 m

Depth required 18 m Total volume 17.5 mln. m3

Wet area for industrial 0.0 km2

Average current depth 0.5 m

Depth required 15 m

Total volume 64.8 mln. m3

Total amount of dredging 79.8 mln. m3 Total amount of reclamation 28.0 mln. m3 Total volume 0.0 mln. m3

Price per cubic meter 7 U.S. Dollar Price per cubic meter 13 U.S. Dollar Price per cubic meter 200 U.S. Dollar

Total costs 560 mln. U.S. Dollar Total costs 360 mln. U.S. Dollar Total costs 0 mln. U.S. Dollar

Total area excl. appr. channel 12.5 km2 Quay length for transhipment 6.6 km Total amount of dredging 79.8 mln. m3

Dry area for transshipment 3.2 km2 Quay length for industrial 5.5 km Total surplus material 51.8 mln. m3

Wet area for transshipment 4.1 km2 Length approach channel 5.0 km Volume of breakwater 0.0 mln. m3

Dry area for industrial 5.3 km2 Length of breakwater 0.0 km

Wet area for industrial 0.0 km2

920

Inside port Storage area industrial

Summary

Areas Lengths Volumes

Amount of Dredging Reclamation material needed Breakwater

Approach Channel Storage area transshipment Breakwater I

mln. U.S. DollarTotal price dredging, reclamation, excavation, and breakwater



2.1.6 Total overview of option Goat Islands 

 

 

 

 

 



 Jackson Bay 

 



 

 

 

 

 

 

 

 

 

Total area excl. appr. channel 11.8 km2

Dry area for transshipment 3.0 km2

Wet area for transshipment 2.7 km2

Dry area for industrial 5.2 km2

Wet area for industrial 0.9 km2

Quay length for transhipment 6.5 km

Quay length for industrial 3.8 km

Length approach channel 4.0 km

Length of breakwater 7.0 km

Total amount of dredging 51.1 mln. m3

Total surplus material 25.7 mln. m3

Volume of breakwater 2.7 mln. m3

Total costs 1,230 mln. U.S. Dollar

Key numbers

Areas

Lengths

Volumes

 



Width 0.5 km Reclaimed area 1.0 mln. m2 Length 1500 m Length 1000 m

Depth 18 m Meters  lifted 11 m Local depth 9 m Local depth 3 m

Average current depth 13 m Reclaimed area 2.0 mln. m2 Height 7 m Height 5 m

Length 4.0 km Meters  lifted 3 m Crest width 15 m Crest width 15 m

Total volume 10 mln. m3 Total volume 17.0 mln. m3 Slope 1: 1 - Slope 1: 1 -

Footprint 31 m Footprint 23 m

Cross section breakwater 368 m2 Cross section breakwater 152 m2

Total volume 0.6 mln. m3 Total volume 0.2 mln. m3

Wet area for transshipment 2.7 km2 Reclaimed area 0.9 mln. m2

Average current depth 6 m Meters  lifted 7 m

Depth required 18 m Reclaimed area 0.8 mln. m2 Length 2000 m Length 2500 m

Wet area for industrial 0.9 km2 Meters  lifted 3 m Local depth 7.5 m Local depth 11.5 m

Average current depth 5 m Total volume 8.4 mln. m3 Height 3 m Height 3 m

Depth required 15 m Crest width 25 m Crest width 20 m

Total volume 41.1 mln. m3 Slope 1: 1 - Slope 1: 1 -

Footprint 46 m Footprint 49 m

Cross section breakwater 373 m2 Cross section breakwater 500 m2

Total volume 0.7 mln. m3 Total volume 1.3 mln. m3

Total amount of dredging 51.1 mln. m3 Total amount of reclamation 25.4 mln. m3 Total volume 2.7 mln. m3

Price per cubic meter 7 U.S. Dollar Price per cubic meter 13 U.S. Dollar Price per cubic meter 200 U.S. Dollar

Total costs 360 mln. U.S. Dollar Total costs 330 mln. U.S. Dollar Total costs 540 mln. U.S. Dollar

Total area 11.8 km2 Quay length for transhipment 6.5 km Total amount of dredging 51.1 mln. m3

Dry area for transshipment 3.0 km2 Quay length for industrial 3.8 km Total surplus material 25.7 mln. m3

Wet area for transshipment 2.7 km2 Lenth approach channel 4.0 km Volume of breakwater 2.7 mln. m3

Dry area for industrial 5.2 km2 Length of breakwater 7.0 km

Wet area for industrial 0.9 km2

1230

Amount of Dredging Reclamation material needed Breakwater

Approach Channel Storage area transshipment Breakwater I Breakwater III

Breakwater IV

Inside port Storage area industrial

Breakwater II

Summary

Areas Lengths Volumes

mln. U.S. DollarTotal price for dredging, reclamation and the breakwater



 Maccary Bay 

151

2



 

 

 

 

 

 

 

 

 

 

Total area excl. appr. channel 11.8 km2

Dry area for transshipment 2.6 km2

Wet area for transshipment 2.8 km2

Dry area for industrial 5.2 km2

Wet area for industrial 1.2 km2

Quay length for transhipment 6.5 km

Quay length for industrial 3.6 km

Length approach channel 12.0 km

Length of breakwater 8.0 km

Total amount of dredging 101.9 mln. m3

Total surplus material 99.8 mln. m3

Volume of breakwater 1.6 mln. m3

Total costs 1,060 mln. U.S. Dollar

Key numbers

Areas

Lengths

Volumes

 



Width 0.5 km Reclaimed area 0.3 mln. m2 Length 3000 m

Depth 18 m Meters  lifted 7 m Local depth 2.5 m

Average current depth 12 m Total volume 2.1 mln. m3 Height 4 m

Length 12.0 km Crest width 15 m

Total volume 36 mln. m3 Slope 1: 1 -

Footprint 28 m

Cross section 139.75 m2

Total volume 0.4 mln. m3

Wet area for transshipment 2.8 km2 Reclaimed area 0.0 mln. m2

Average current depth 0 m Meters  lifted 0 m

Depth required 18 m Total volume 0.0 mln. m3 Length 5000 m

Wet area for industrial 1.2 km2 Local depth 5.5 m

Average current depth 2 m Height 4 m

Depth required 15 m Crest width 15 m

Total volume 65.9 mln. m3 Slope 1: 1 -

Footprint 34 m

Cross section breakwater 232.75 m2

Total volume 1.2 mln. m3

Total amount of dredging 101.9 mln. m3 Total amount of reclamation 2.1 mln. m3 Total volume 1.6 mln. m3

Price per cubic meter 7 U.S. Dollar Price per cubic meter 13 U.S. Dollar Price per cubic meter 200 U.S. Dollar

Total costs 710 mln. U.S. Dollar Total costs 30 mln. U.S. Dollar Total costs 320 mln. U.S. Dollar

Total area 11.8 km2 Quay length for transhipment 6.5 km Total amount of dredging 101.9 mln. m3

Dry area for transshipment 2.6 km2 Quay length for industrial 3.6 km Total surplus material 99.8 mln. m3

Wet area for transshipment 2.8 km2 Lenth approach channel 12.0 km Volume of breakwater 1.6 mln. m3

Dry area for industrial 5.2 km2 Length of breakwater 8.0 km

Wet area for industrial 1.2 km2

1060

Inside port Storage area industrial

Summary

Amount of Dredging Reclamation material needed Breakwater

Approach Channel Storage area transshipment Breakwater I

Lengths Volumes

mln. U.S. DollarTotal price for dredging, reclamation and the breakwater

Breakwater II

Areas



 Savanna-la-Mar 

 



 

 

 

 

 

 

 

 

Total area excl. appr. channel 11.8 km2

Dry area for transshipment 3.4 km2

Wet area for transshipment 3.0 km2

Dry area for industrial 4.7 km2

Wet area for industrial 0.8 km2

Quay length for transhipment 6.4 km

Quay length for industrial 2.9 km

Length approach channel 5.5 km

Length of breakwater 6.5 km

Total amount of dredging 96.4 mln. m3

Total surplus material 73.4 mln. m3

Volume of breakwater 0.8 mln. m3

Total costs 1,150 mln. U.S. Dollar

Key numbers

Areas

Lengths

Volumes

 



Width 0.5 km Reclaimed area 2.8 mln. m2 Length 6500 m

Depth 18 m Meters  lifted 6 m Local depth 3 m

Average current depth 4 m Total volume 16.6 mln. m3 Height 4 m

Length 6.0 km Crest width 15 m

Total volume 42 mln. m3 Slope 1: 1 -

Footprint 22 m

Cross section 129.5 m2

Total volume 0.8 mln. m3

Wet area for transshipment 3.0 km2 Reclaimed area 1.1 mln. m2

Average current depth 3 m Meters  lifted 6 m

Depth required 18 m Total volume 6.5 mln. m3

Wet area for industrial 0.8 km2

Average current depth 2 m

Depth required 15 m

Total volume 54.4 mln. m3

Total amount of dredging 96.4 mln. m3 Total amount of reclamation 23.0 mln. m3 Total volume 0.8 mln. m3

Price per cubic meter 7 U.S. Dollar Price per cubic meter 13 U.S. Dollar Price per cubic meter 200 U.S. Dollar

Total costs 680 mln. U.S. Dollar Total costs 300 mln. U.S. Dollar Total costs 170 mln. U.S. Dollar

Total area 11.8 km2 Quay length for transhipment 6.4 km Total amount of dredging 96.4 mln. m3

Dry area for transshipment 3.4 km2 Quay length for industrial 2.9 km Total surplus material 73.4 mln. m3

Wet area for transshipment 3.0 km2 Lenth approach channel 5.5 km Volume of breakwater 0.8 mln. m3

Dry area for industrial 4.7 km2 Length of breakwater 6.5 km

Wet area for industrial 0.8 km2

1150

Storage area industrial

Breakwater

Approach Channel Storage area transshipment Breakwater I

Inside port

Amount of Dredging Reclamation material needed

Summary

VolumesLengthsAreas

Total price for dredging, reclamation and the breakwater mln. U.S. Dollar



 Little Bay 

 



 

 

 

 

 

 

 

 

Total area excl. appr. channel 12.5 km2

Dry area for transshipment 3.6 km2

Wet area for transshipment 2.7 km2

Dry area for industrial 5.8 km2

Wet area for industrial 0.4 km2

Quay length for transhipment 6.7 km

Quay length for industrial 2.0 km

Length approach channel 1.3 km

Length of breakwater 4.7 km

Total amount of dredging 63.8 mln. m3

Total surplus material 53.3 mln. m3

Volume of breakwater 0.6 mln. m3

Total costs 720 mln. U.S. Dollar

Key numbers

Areas

Lengths

Volumes

 



Width 0.5 km Reclaimed area 1.2 mln. m2 Length 4000 m

Depth 18 m Meters  lifted 7 m Local depth 3 m

Average current depth 4 m Total volume 8.3 mln. m3 Height 4 m

Length 1.3 km Crest width 15 m

Total volume 9.1 mln. m3 Slope 1: 1 -

Footprint 22 m

Cross section 129.5 m2

Total volume 0.5 mln. m3

Wet area for transshipment 2.7 km2 Reclaimed area 0.3 mln. m2

Average current depth 0 m Meters  lifted 7 m

Depth required 18 m Total volume 2.2 mln. m3 Length 700 m

Wet area for industrial 0.4 km2 local depth 3 m

Average current depth 0 m height 4 m

Depth required 15 m Crest width 15 m

Total volume 54.7 mln. m3 Slope 1: 1 -

footprint 29 m

Cross section 154 m2

Total volume 0.1 mln. m3

Total amount of dredging 63.8 mln. m3 Total amount of reclamation 10.5 mln. m3 Total volume 0.6 mln. m3

Price per cubic meter 7 U.S. Dollar Price per cubic meter 13 U.S. Dollar Price per cubic meter 200 U.S. Dollar

Total costs 450 mln. U.S. Dollar Total costs 140 mln. U.S. Dollar Total costs 130 mln. U.S. Dollar

Total area excl. appr. channel 12.5 km2 Quay length for transhipment 6.7 km Total amount of dredging 63.8 mln. m3

Dry area for transshipment 3.6 km2 Quay length for industrial 2.0 km Total surplus material 53.3 mln. m3

Wet area for transshipment 2.7 km2 Length approach channel 1.3 km Volume of breakwater 0.6 mln. m3

Dry area for industrial 5.8 km2 Length of breakwater 4.7 km

Wet area for industrial 0.4 km2

720

Breakwater II

Areas Lengths Volumes

Summary

Inside port

Breakwater

Breakwater I

Amount of Dredging Reclamation material needed

Approach Channel Storage area transshipment

Storage area industrial

mln. U.S. DollarTotal price for dredging, reclamation and the breakwater



 Summary of the locations 

3 Define criteria 

 

 

 



 

 

 

 

 



4 Weights 



5 Scores 

 Points and explanation of the points 

 

 

 



 

 

 

 

Dredging

Goat Islands Design 1

Goat Islands Design 2

Goat Islands Design 3

Goat Islands Design 4

Goat Islands Design 5

Jackson Bay

Maccary Bay

Savanna-la-Mar

Little Bay

20 3

225

Dredging surplus Amount divided by 20 Number (6-last colom) If t was only costs in mln US Dollar

240

240

4.0

4.0

60

105

150

75

300

25

100

75

50

1.0

1.8

2.5

1.3

5.0

3.8

80

80

20

35

50

Divided by Price per cubic meter

2.5 150

2

2

5

4

4

5

1

2

4



 Total score 
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Appendix K   Sensitivity analysis 

1 Design values 

 



2 Goat Islands Design 5 



 



3 Jackson Bay 

 



 



4 Maccary Bay 



 



5 Little Bay 

 





6 Overview and additional costs 



7 Conclusion of sensitivity analysis 

 

 

 

 

 

 

 

 



 

 

 

 

 

 



Appendix L   Layout of the port 

1 Industrial area 







2 Transshipment area 

 Within the storage yard 









 Apron area 

𝑐𝑏 = 𝑃 ∗ 𝑓𝑇𝐸𝑈 ∗ 𝑁𝑐𝑏 ∗ 𝑛ℎ𝑦 ∗ 𝑚𝑏



𝐿𝑞 = 𝐿𝑠,𝑚𝑎𝑥 + 2 ∗ 15

400 ≥ 366 + 2 ∗ 15 = 396

400 ≥ 294 + 2 ∗ 15 = 324

𝐿𝑞 = 𝑛 ∗ (𝐿𝑠 + 15) + 15

900 ≥ 2 ∗ (366 + 15) + 15 = 777

900 ≥ 2 ∗ (294 + 15) + 15 = 633

1900 ≥ 4 ∗ (366 + 15) + 15 = 1539

1900 ≥ 6 ∗ (294 + 15) + 15 = 1869

1900 ≥ 4 ∗ (366 + 15) + 1 ∗ (294 + 15) + 15 = 1848



 Between apron area and storage yard 





 Other area 

3 Overview layout 
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Appendix M   Adaptive port planning 

1 Basic plan (definitely constructed) 



 Land and main road infrastructure 

 Power plant (partly) 

 Assembly plant 

 Transshipment area (partly) 



2 Pro-active actions (construction based on demand) 

 Cement plant 

 Steel fabrication plant 

 IT facility, manufacturing facility and logistics center 

 Main railway infrastructure 

 Transshipment area 



 Undeveloped area 

3 References 



Appendix N   Hinterland connection 

1 Current situation 



 Road network 

 Railway network 



2 Possible infrastructure 



3 Possible connections 





4 Conclusion 
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Appendix O   Wave analysis 

1 Used methods and programs 

 Method to establish ULS 

 

 

 

 

 



 Method to establish downtime (SLS)  

 

 

 

 



2 Ultimate Limit State 

 Design requirements 

𝑝 = 1 − 𝑒−𝑓𝑇

𝑝 = 1 − 𝑒−𝑓𝑇 = 1 − 𝑒−
1

1000
∗50 = 0.05)

 



𝑝 =

1 − 𝑒−𝑓𝑇 = 1 − 𝑒−
1

50
∗50 = 0.63



  Gathering offshore data with HURwave 





 Translate offshore data to near shore data 



2.3.1 Extreme wave and surge conditions if waves and winds are coming from 90° 

HURwave output

and MIKE 21 input

Waveheight (m) 16.21

Windspeed (m/s) 65.25

Periode (s) 19.08

90°





2.3.2 Extreme wave and surge conditions if waves and winds are coming from 135° 

HURwave output

and MIKE 21 input

Waveheight (m) 12.38

Windspeed (m/s) 37.62

Periode (s) 16.1

135°





2.3.3 Extreme wave and surge conditions if waves and winds are coming from 157.5° 

HURwave output

and MIKE 21 input

Waveheight (m) 11.32

Windspeed (m/s) 36.39

Periode (s) 15.22

157.5°





2.3.4 Extreme wave and surge conditions if waves and winds are coming from 180° 

HURwave output

and MIKE 21 input

Waveheight (m) 11.28

Windspeed (m/s) 36.56

Periode (s) 15.19

180°





2.3.5 Extreme wave and surge conditions if waves and winds are coming from 225° 

HURwave output

and MIKE 21 input

Waveheight (m) 14.09

Windspeed (m/s) 29.6

Periode (s) 17.47

225°





2.3.6 Overview of wave and wind directions 

     

     

 



 ULS conclusion 

 

 



 Design of the port 

 

 

 

 

 

 



3 Downtime of the port 

 Design criteria 



 Data offshore in node 10 

 



 

 refTime HTSGW PERPW DIRPW Wind-Speed Wind-Direction

01-jul-1999 0:00 0.85 3.62 95.34 10.21 275.34

01-jul-1999 3:00 1.14 4.06 96.42 9.56 276.97

01-jul-1999 6:00 1.33 4.54 96.24 9.07 269.94

01-jul-1999 9:00 1.56 4.83 95.87 11.36 273.38

01-jul-1999 12:00 1.52 5.22 100.77 6.70 257.15

01-jul-1999 15:00 1.41 5.38 103.96 7.02 264.03

01-jul-1999 18:00 1.4 5.67 112.1 8.81 275.15

01-jul-1999 21:00 1.5 5.72 110.58 9.19 278.83

02-jul-1999 0:00 1.61 5.81 108.76 9.74 274.36

02-jul-1999 3:00 1.68 6.19 112.42 9.13 272.70

29-nov-2007 18:00 1.72 7.42 102.36 2.26 124.74

29-nov-2007 21:00 1.65 7.48 104.39 4.64 187.68

30-nov-2007 0:00 1.64 7.59 105.72 7.60 204.00

30-nov-2007 3:00 1.65 7.62 105.81 8.03 216.09

30-nov-2007 6:00 1.69 7.63 105.5 9.06 214.94

30-nov-2007 9:00 1.75 7.42 102.19 8.05 220.62

30-nov-2007 12:00 1.74 7.22 86.22 4.63 225.79

30-nov-2007 15:00 1.66 7.01 86.37 4.53 226.25

30-nov-2007 18:00 1.54 6.93 88.97 3.13 289.59

30-nov-2007 21:00 1.41 6.87 92.06 1.24 231.20

01-dec-2007 0:00 1.3 6.86 94.76 6.98 201.60

Hs Frequency Cumulative % T Frequency Cumulative % Wind Speed Frequency Cumulative %

0.5 642 2.61% 0 0 0.00% 0 0 0.00%

1.0 4417 20.56% 1 0 0.00% 2 677 2.75%

1.5 9100 57.55% 2 0 0.00% 4 3175 15.66%

2.0 6545 84.16% 3 8 0.03% 6 7317 45.40%

2.5 3051 96.56% 4 162 0.69% 8 8639 80.52%

3.0 678 99.32% 5 1071 5.04% 10 4106 97.21%

3.5 115 99.78% 6 3898 20.89% 12 586 99.59%

4.0 28 99.90% 7 10365 63.02% 14 68 99.87%

4.5 9 99.93% 8 7155 92.11% 16 18 99.94%

5.0 4 99.95% 9 1607 98.64% 18 8 99.97%

5.5 2 99.96% 10 199 99.45% 20 2 99.98%

6.0 3 99.97% 11 76 99.76% 22 2 99.99%

6.5 2 99.98% 12 23 99.85% 24 1 99.99%

7.0 2 99.99% 13 22 99.94% 26 1 100.00%

7.5 2 100.00% 14 10 99.98% 28 1 100.00%

8.0 1 100.00% 15 4 100.00% 30 0 100.00%

8.5 0 100.00% 16 1 100.00% 32 0 100.00%

More 0 100.00% More 0 100.00% More 0 100.00%





 



 Translating offshore data to near shore data 



3.3.1 Wave heights in approach channel 9 July 2003 

3.3.2 Wave heights in approach channel 16 January 2000 



3.3.3 10 July 2003 

 

 SLS conclusion  



4 Conclusion 

- 

- 

- 

- 

5 Recommendations 
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Appendix P   SWOT analysis 

1 SWOT 

 Strengths 

 

 

 



 Weaknesses 

 

 

 

 Opportunities 

 

 



 Threats 

 

 

 Overview  



2 Measures 

 Strengths 

 Weaknesses 

 

 



 Opportunities 

 

 

 Threats 
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