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Letter of Transmittal
To Whom It May Concern:

We are pleased to submit herewith the final report for the “Feasibility Study for the
Construction of an Artificial Island at the Pacific Entrance to the Panama Canal”, which
is prepared under the program named “The International Atmospheric and
Environmental Research Development Program 2003”, organized by Japan External
Trade Organization (JETRO).

This program, established in 1997 by Government of Japan, is a financial support
facility to fund the feasibility studies of projects, which have contribution to the
improvement and conservation of global environment. After conducting such feasibility
studies, the project would be a prospective candidate to be financed under Yen Loan

Package, which provides the project cost with quite low interest.

In response to the request from Autoridad del Canal de Panama (ACP), JETRO has
decided to carry out the feasibility study for the Construction of Artificial Island at the
Pacific Entrance to the Panama Canal.

It is concluded that the proposed artificial island construction project is effective for the
beneficial usage of excavated materials coming from the Panama Canal Expansion Plan
activities, and also feasible from technical, financial, economic and environmental points

of view.

I would like to express my sincere appreciation to the officials concerned of ACP for the
precious information, close cooperation, and warm assistance they extended to the study

team at every step throughout the course of the study.

I am also greatly indebted to the Embassy of Japan and JETRO in Panama for giving us

valuable advice and assistance throughout the study period.

Very Truly Yours,
Takeshi Kokado

Team Leader for the Feasibility Study
(Nippon Steel Corporation)
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1.

SUMMARY

Backgrounds of the Feasibility Study

Autoridad del Canal de Panama (ACP) is evaluating the possibility to expand the
Canal to accommodate ships larger than Panamax vessels. The proposed
construction of new locks and the related work for the expansion of the Panama Canal
are expected to generate significant quantities of excavated materials, amounting to
some 50-70 million m3. As part of its activities, the Panama Canal Master Plan for
the expansion of the waterway is considering land reclamation at the Pacific entrance

to the Panama Canal, as an alternative to give excavated material a beneficial use.

In order to assess the technical and environmental aspects of the land reclamation
alternatives, JETRO’s Preliminary Study on “Land Reclamation Alternatives for the
Pacific Entrance to the Panama Canal” was carried out in cooperation with ACP from
December 2002 to March 2003. In this preliminary study, with a view to the
beneficial usage of excavated materials coming from Panama Canal Expansion Plan
activities, land reclamation alternatives were proposed in consideration of Japanese
technologies and experiences. Due to time constraints and lack of data, some bold

assumptions were adopted in evaluating land reclamation alternatives.

In response to the request for a subsequent study from ACP, Japan External Trade
Organization (JETRO) has decided to carry out the “Feasibility study for the
Construction of Artificial Island at the Pacific Entrance to the Panama Canal” in 2003.
The Feasibility Study is executed by the study team organized by Nippon Steel

Corporation, in cooperation with Nippon Koei Co., Ltd.

Objectives of the Feasibility Study

This Feasibility Study of JETRO (hereinafter called as JETRO F/S) aims to propose

constructing an artificial island using the excavated materials resulting from the
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proposed construction of new Pacific locks and analyze the feasibility of the project.

3. Executing Agency of the Project

The executing agency is Autoridad del Canal de Panama (ACP).

4. Study Area

The Study area is at the Pacific entrance to the Panama Canal (see Figure 4.1).

Figure 4.1 Location Map
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Artificial Island Construction Method

During and after construction of Artificial Island, one of the most principal concerns
is to achieve the minimum impact on environment. Particularly, the seawater

pollution must be avoided carefully.

As shown in Figure 5.1, when constructing an artificial island in Japan, the
reclamation is implemented after all construction of surrounding revetment.
Therefore, environmental impact can be minimized because the reclamation area is

separately enclosed perfectly in the sea.

(a) Kansai International Airport (b) Tokyo-wan Aqua Line
(Umihotaru Island)

Figure 5.1 Construction Examples of Reclaimed Islands in Japan

Among popular structural types in Japan is steel sheet pile cellular-bulkhead
quaywall or concrete caisson. In this situation, there are two differences between
them, in terms of installation site environment and construction period. In the
construction (installation) of sheet pile cellular-bulkhead quaywall, driving sheet
piles and then inside filling can keep the seawater clean from contamination. On
the other hand, in the construction of concrete caisson, rubble replacing may cause
seawater pollution. Furthermore, casting, hauling and emplacement of concrete

caisson need generally longer time than driving sheet piles. Additionally, it needs
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wide area for casting work and setting of concrete plant near the construction site.
Consequently, steel sheet pile cellular-bulkhead quaywall is recommended in this
Study.

6. Container Terminal Planning for Adificial Island Size

There is a plan to use the artificial island for a container terminal in the future.

Artificial island size is studied based on container port operation activities.

6.1 Target Vessel

In this Feasibility Study, the dimensions of the target vessel are in accordance with

those of the Third Locks Project as mentioned below.

Length Overall (LOA) : 385.7m
Breadth : 54.9m
Draft : 15.2m
DWT : 105,000
TEU : 10,500

Considering above dimensions, it can be assumed that target vessels are able to carry

21 rows of containers on the deck.

6.2 Container Demand Forecast

Balboa Port is at present playing an important role as the transshipment port in the
Pacific Ocean side of Panama and Panama Port Company has a vision to expand
Balboa Port to receive a growing number of containers in the future although the
available onshore area seems narrow to handle staking containers. The number of
containers to be handled in Panama at the year 2025 has been projected to be

approximately 5,690,000 TEUs as a medium transshipment scenario by the ACP
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Study. Under such circumstance, it can be assumed that the Artificial Island will
receive approximately 1,000,000 TEUs for the year 2025 in consideration of the
allocation each other.

6.3 Berth Dimensions

The container terminal should be designed to accommodate the target vessel, with a
draft of 15.2m fully loaded. The length of the container berth is determined from the
design vessel length and bow and stern mooring space. Suppose the mooring angle of
vessels is 45 degrees considering that the berth line is continuous and straight, the
length of the berth can be calculated to be 450m by the following formula.

Length of Container Berth = 385.7 m + 2 x (54.9/2 + 2.0) = 444.6 m - 450 m

6.4 Number of Container Berths Required

Using the container traffic forecast by ACP, the number of container berths required

at the year 2025 should be determined by the following formula.

Nb =My / (Ec x Ne x (1+Rf) / (Dy x Hd) / Br

Where;

Nb : Required number of container berths

My : Container throughput (in TEUS) at the year 2025 1,000,000 TEUs
Rf : Ratio of 40 foot containers 80%

Ec : Container handling productivity per hour 25 Boxes

Nec : Number of gantry crane to be allocated 2 Nos.

Dy *: Annual operational days 356 Days

Hd : Working hours per day 20 Hours

Br : Berth occupancy rate 0.40

Nb = 1,000,000/ (25 x 2 x 1.8) / (20 x 356) / 0.40 = 3.90 - 4 berths in 2025

The required number of container berths (Nb) has been calculated to be 3.90.
Therefore, four (4) container berths, each of which is equipped with two (2) gantry

cranes should be planned to accommodate the prospected number of containers at the
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year 2025. Two (2) berths are to be planned additionally at the year 2035 provided

that the container cargoes increase with a growth rate of five (5) percent.
6.5 Depth of Container Terminal

The depth of a container terminal should be sufficient to cope with a growing number
of container cargoes taking into account the stacking method in the yard and
necessary facilities in the container terminal. Considering the future increase of
container cargoes to be triggered by the increase of containerization ratio and future
deployment of larger size container vessels, a depth of 500 m for the container

terminal should be planned.
6.6 Phase-wise Development

(1) Phase |
As the transshipment study by ACP is targeted the year 2025, the Phase I
development of the Artificial Island Project can be set as the same year as well. Based
on the required number of container berths, the Phase I development has been
formulated. Also, dredging plan has been determined phase-wisely to achieve

cost-effective development.

(2) Phase Il
The Phase II development is targeted at the year 2035, which is 10 years later of the
Phase I. Two (2) additional container berths would be provided to meet the container
demand in 2035 and additional work for dredging and the construction of onshore

facilities is required.
8.7 Reserved Area for Future Commercial Activity

Two (2) liquid cargo berths are provided to receive bunker oil for container vessels.
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7.

The existing water depth at the liquid cargo berths is sufficient to accommodate
30,000 class tankers and it is possible to apply tidal operation. Some tank storages are
also to be provided on land to stock oil. Bunker oil can be transported from the
storages to the container berth through pipeline connection.

Once the Artificial Island is constructed using the material generated from the Third
Locks Project, various distribution facilities would be located near the container

terminal. Also, various commercial activities on the Island are expected to generate.

Artificial Island Location

7.1 Location on North-South Direction

Necessary depth for the berth facility is planned as MLWS -16.75m. Roughly
estimating the unevenness of existing seabed level at 1 m, the shallowest level of
installment of steel sheet pile cellular-bulkhead quaywall should be set to MLWS
—18m. This minimum depth is illustrated in Figure 7.1.1.

7 Design

—

Water Depth
=16.75m

N
Necessary Thickness > 1.0m

Minimum depth of bedrock
<M.L.W.S.-16.75m - 1.0m = -17.75m [} -18.0m

Figure 7.1.1 Minimum Depth for Instaliment of Cellular-bulkhead Quaywall

If Artificial Island is constructed on the shallower rock layer than MLWS —18 m, the
construction cost can increase considerably due to huge excavation volume of stiff
rock layer.

On the other hand, the farther away from landside to offshore (southbound) the
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construction site is located, the larger the infrastructures becomes, such as the
sectional size of cellular-bulkhead quaywall and the total length of Accessway.
Consequently, the construction cost will be much more expensive.

In this study, the following alternative cases are compared in terms of construction

cost to decide the best location of Artificial Island on north-south direction.

a) Location I (see Figure 7.1.2)
Artificial Island is located to correspond the north edge of Island with the contour line of rock
layer level of MLWS -18 m. There is no need to excavate stiff rock layer in this case. The length of

accessway is 5,525m, and the distance between the coast and south edge of the island is 7,325m ( =

5,525m + 1,800m).

b) Location Alternative Il -a (see Figure 7.1.3)

Artificial Island is located to correspond the south edge of Island with the south edge of Location
P1 defined in ACP Report “Preliminary Study of Island Development at the Pacific Entrance of the
Panama Canal”. The length of accessway is 4,645m. The distance between the coast and south
edge of the island is 6,445m ( = 4,645m + 1,800m), which is almost equivalent to P1. In this case,
rock excavation is needed to construct two berths in north side of island, but not in the construction

of four berths in south side.

¢) Location Alternativelll (see Figure 7.1.4)

Artificial Island is located to correspond the north edge of Island with the north edge of Location
P1 defined in ACP Report as well. The length of accessway is 3,820m, which is almost equivalent
to P1. The distance between the coast and south edge of the island is 5,620m (=3,820m + 1,800m).
Though there is merit in this case of reducing the total length of Accessway, huge quantities of stiff

rock have to be excavated for all six berths unfortunately.

d) Location Alternative II -b

The location of Artificial Island is the same as Location Alternative Il -a. However, the
necessary depth of berth is changed to MLWS -13.5 m for the first northern berth and
MLWS -14.5 m for the second northern berth. This case allows intentionally the
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Figure 7.1.2 Location I Figure 7.1.3 LocationIl-a

andIl-b
; £% s
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N980 000
N¥79 550
Location Alternative il
N979 000
N978 800
N978 000 N978 000
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Location Alternative Ii
1-q: - 16.75m Berth Numbers: 6
H-b: - 16.75m Berth Numbers: 4
N977 N977 000
Locafion i
N$76 200
N976 000 g g
g §
Figure 7.1.4 LocationIll Figure 7.1.5 Comparison of Location
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reduction of berthing ability of two northern berths, in which the berth depth should
have been, MLWS -16.75 m originally. Other four (southern) berths can keep the
sufficient depth of MLWS -16.75 m.

The result of comparison of these four Location Alternatives is shown in Table 7.1.1
and Figure 7.1.5. The construction cost in Table 7.1.1 includes that of Accessway.

In comparison of Location Alternatives I, II-a and I, it is obviously proved that the
construction sites in northern side from the line of rock layer level of MLWS -18 m
lead to be more expensive. This is because the cost-push for rock excavation is larger
than the cost-down by shortening the total length of Accessway. Meanwhile, the
construction cost becomes higher when the construction site is set farther to offshore
in southern direction, as mentioned previously. Consequently, the cost can be
minimized when the Artificial Island is located to correspond the north edge of Island

with the contour line of rock layer level of MLWS -18 m.

Actually, Location Alternative II -b can be constructed with cheaper cost than Location
I due to no rock excavation. However, Location Alternativell -b cannot maintain

satisfactory berthing ability.

In this study, it is concluded that Location I is the best location for construction of

Artificial Island on the north-south direction.

7.2 Recommended Location for Artificial Island

As a result of the above comparison study,
the recommended location of Artificial Island

is set to the followings (see Figure 7.2.1):

North Edge of Artificial Island: N978000
East Edge of Artificial Island: N656800

Figure 7.2.1 Best Location of Adificial Island
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8. Analysis of Wharf Operation Efficiency

Based on the location of the artificial island recommended above, the effect of wave
transformation and calmness of the existing basin condition due to the placement of
the proposed artificial island were investigated. And then, wharf operation

efficiency for cargo handling at each container berth was calculated.
The model results have concluded the following matters.

The typical wave climate in the area of the proposed artificial island is relatively
mild with the geometry of the Gulf of Panama and South America limiting the
directions of waves entering the region. Additionally, the near-shore islands of
ISLA TABOGA and TABOGUILLA will provide a relatively tranquil area behind,
which in turn, a better position and suitable place for the proposed artificial
island.

If container berths are located on the east side and the west side of the artificial
island, the standard level of wharf operation efficiency for cargo handling, 97.5%,
can be achieved without a breakwater.

* The ratio of wave height is relatively large at the south of artificial island,
because wave directions are almost southwardly at the project site. And the
standard level of wharf operation efficiency for cargo handling, 97.5%, can not be
achieved at the southern berths. Consequently, a breakwater is needed if the

container berths are located on the south side of the artificial island.

9.  CURRENT ANALYSIS

The current simulation was implemented to evaluate the potential impacts of the

construction of the artificial island and the access way.

The following was concluded based on the mathematical modelling of the effects of
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the construction of the artificial island and the proposed accessway:

The construction of the island will change current directions and speeds in some
degrees, however such change does not significantly affect the natural current
conditions of the bay as a whole.

* The impact of increase in the current velocities from the natural condition is
mostly significant in the northern part of Taboga Island, however, such increase
remains within around 10cm/s from the natural condition.

* The accessway design shall incorporate a bridge or intermittent trestle sections to
avoid any impact on the shore area and to prevent negative effects especially due

to the social and environmental value of Veracruz Beach.

10. Container Terminal Layout

Table 10.1 shows the comprehensive evaluation results of container terminal

alternatives.

In view of the calmness, Plan-B and C will achieve the standard level of wharf
operation efficiency for cargo handling, 97.5%, while Plan-A needs a breakwater to
secure designated calmness in the port.

In terms of terminal operation, Plan-C is the best plan since quayside gantry cranes

can be utilized to all the berths.

According to the results of current simulations, Plan-C will have a biggest influence
on the speed of the current among the three alternatives. However, such change in

the current is not so significant

The island construction cost for Plan-B is a base case and cost difference from the
base case for Plan-A and Plan-C is shown in Table 10.1. Plan-A is most costly because
a breakwater is needed to secure calmness in the port.

Hence, according to the overall evaluation, the recommended container terminal
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layout is Plan-B.

Table 10.1 Evaluation of Container Terminal Layout

11. Cost Estimate

11.1 Overall Project Cost Estimation (Pian B)

Plan-A Plan-C
Container Terminal
Layout
Breakwater 3.300 m
Island An 1,400m * 1,800m 1,100m * 1,800m 733m * 2,700m
sland Area =252 ha = 198ha = 198ha
Reclamation Volume 49Mm’ 39Mm® 40Mm®
Evaluation Item
1. Port Operation
AA
1) Calmness A A
(100% > 97.5%)
(Chap 4 & 6) (Breakwater is necessary) (98.4% > 97.5%) (98.0% > 97.5%)
. AA
2 g;r;l:iiln A A (Gantry cranes can be
utilized to all other berths)
2. Influence to Current A A B
. B AA A

3. Island Construction Cost (US$ +135 M) (Base) (USS$ +54 M)
Comprehensive Evaluation B A

Estimated construction cost of the Panama Artificial Island and container terminal

is summarized in Table 11.1.
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Table 11.1 Summary of Construction Cost - Plan-B

{Million $)
Component Phase 1 Phase 2 Total
Island Construction
..Quaywall /Revetment | . 269 28]
_Reclamation ol LT URSN IO % ...
| Breakwater e O 0
Sub Total 345 365
Accessway 99 0 99
infrastructures 74 39 113
Container Terminal Module 217 103 320
Total 755 142 897

11.2 Comparison of Construction Volume and Cost

Table 11.2 shows the comparison of construction volume and cost between two

alternatives.

As the proposed artificial island in this JETRO F/S is also

advantageous to the total construction cost as the revetment can be used for the

quaywall of the container terminal.

Table 11.2 Comparison of Construction Volume and Cost

ltems JETRO F/S ACP-P2-A*}
Pian-B
Size of Artificial Island 1,100m*1,800m 900m*1,700m
=198 ha =153 ha
(1.29)
Reclamation Volume 39 M. m3 31M.m3
(1.26)
Island Construction $ 365 M. $ 248 M.
Accessway $ 99 M. $ 103 M.
Infrastructures $113M. $ 138 M.
Container Terminal Module $ 320 M. $ 447 M.
(Marine Structures for Container Terminal) ($ 75M) ($183 M)
$ 897 M. $ 936 M.
Total Cost ($ 453/m2) ($ 612/m2)

*) ACP: PRELIMINARY STUDY OF ISLAND DEVELOPMENT AT THE PACIFIC ENTRANCE OF THE
PANAMA CANAL, Final Report, Volume 1 of 2 Main Report, December 2001.
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12.

Environmental Evaluation

Environmentally, the proposed project location does not pose a significant threat to

the environment for many reasons, such as:

1. No loss of inter-tidal habitat (depending on the structure of Accessway) and no

loss of vegetative protected species;

2. Dumping of excavated materials will be done in a contained environment thus
greatly minimizing environmental impact, which is normally associated with

open sea dumping;

3. Location is nearby island formations, therefore environment is thus adapted to

the existing velocity variations of the currents; and

4. Recommended access way structure provides a feasible and suitable solution

since it minimizes the barrier effect.

It was identified that one of the few irreversible impacts of the implementation of the
project, nevertheless mitigable, is the location of the access point of the access way.
This point falls in the border of a naturally protected area, such area lost would have
to be compensated by a re-vegetation measure as proposed in the Draft

Environmental Management and Monitoring Plan.

It is implied that all other conditions regarding the operations, local regulations and
international agreements would be fully complied with, therefore having a negligible

impact as long as the regulation are met.

It is expected that a full fledge Environmental Impact Assessment will be carried out
to obtain approval by the Autoridad Nacional de Ambiente (ANAM) once a decision is
reach on the detail design of the infrastructure.

It was learned from an interview by a member of the JETRO Study Team that the
project area is not visited by artisanal fishermen; therefore, little impact is expected

by the project construction in such industry.

The alternative to dump the material from the works of the excavation of the third

set of locks in a contained environment is definitely a better environmental option
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than reclamation near the shore since it implies loss of inter tidal habitat and the

need for a larger area to accommodate the same volume of material.

The greatest impact of the proposed island construction comes from the construction
of the access way and not the island construction itself. The proposed use of the
island as a container terminal is the cleanest potential use of the development as
manageable levels of waste a generated and can be treated as proposed in the
EMMP.

13. Project Evaluation

13.1 Economic Evaluation

The economic internal rate of return (EIRR) of the Project based on a cost-benefit

analysis is 12.4%.

13.2 Financial Evaluation

The financial internal rate of return (FIRR) of the Project is 9.6%, which is much

higher than JBIC's interest rate (1.2 %) for preferential terms loan..

14. Conclusion

JETRO Feasibility Study for the Construction of an Artificial Island at the Pacific
Entrance to the Panama Canal was carried out in cooperation with Autoridad del
Canal de Panama (ACP) from August 2003 to January 2004. In this feasibility study,
an artificial island construction plan was proposed with a view to the beneficial usage
of excavated materials coming from Panama Canal Expansion Plan activities, and
this proposed artificial island construction project was ascertained to be feasible from

technical, economic, financial and environmental point of views.
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CHAPTER 1 INTRODUCTION

1.1

Backgrounds of the Feasibility Study

Autoridad del Canal de Panama (ACP) is evaluating the possibility to expand the
Canal to accommodate ships larger than Panamax vessels. The proposed
construction of new locks and the related work for the expansion of the Panama Canal
are expected to generate significant quantities of excavated materials, amounting to
some 50-70 million m3. As part of its activities, the Panama Canal Master Plan for
the expansion of the waterway is considering land reclamation at the Pacific entrance

to the Panama Canal, as an alternative to give excavated material a beneficial use.

In order to assess the technical and environmental aspects of the land reclamation
alternatives, JETRO’s Preliminary Study on “Land Reclamation Alternatives for the
Pacific Entrance to the Panama Canal” was carried out in cooperation with ACP from
December 2002 to March 2003. In this preliminary study, with a view to the
beneficial usage of excavated materials coming from Panama Canal Expansion Plan
activities, land reclamation alternatives were proposed in consideration of Japanese
technologies and experiences. Due to time constraints and lack of data, some bold

assumptions were adopted in evaluating land reclamation alternatives.

In response to the request for a subsequent study from ACP, Japan External Trade
Organization (JETRO) has decided to carry out the “Feasibility study for the
Construction of Artificial Island at the Pacific Entrance to the Panama Canal” in 2003.
The Feasibility Study is executed by the study team organized by Nippon Steel

Corporation, in cooperation with Nippon Koei Co., Ltd.

1-1



1.2 Objectives of the Feasibility Study

This Feasibility Study of JETRO (hereinafter called as JETRO F/S) aims to propose
constructing an artificial island using the excavated materials resulting from the

proposed construction of new Pacific locks and analyze the feasibility of the project.

1.3 Scope of Study

To achieve the above-mentioned objectives, the Feasibility Study includes the

following study items:

A. Data Collection:

a.  Collection and review of data on traffic demand, including transshipment, to
plan for the use of the artificial island as a container terminal.
b.  Collection and review of the available data and information related to the
operations of the existing container port(s) in Panama.
c.  Collection of data on the natural condition of the Pacific Ocean-side of the Canal
c-1l. Observed data and/or hindcast data (direction, period and height) on waves
and swells, including wave spectrum.
c-2. Typical weather maps describing high waves and seasonal pressure pattern.
c-3. Wind data at some spots.
d.  Collection of data on the cost of labor, material and the equipment necessary for

the cost estimation.
B. Assessment for the Construction of an Artificial Island:
a.  Selection of artificial island location, from the viewpoint of wave and current conditions,

bathymetric and seismological information, and environmental aspects including tidal

current analysis.



This includes the study of the necessity of the breakwater, and its proposal of the
specification (length, height, etc.).

This study also includes the proposal of the structural type of the access road.
Boring exploration at the sites. (See the “Technical Specification for Offshore
Geotechnical Investigation for Artificial Island Construction at the Pacific
Entrance to the Panama Canal.”)

Structural design of quaywall, revetment, foundation of gantry crane, and
breakwater.

Conceptual design of access road.

Analysis of transportation and handling of excavated materials.

Construction method and program.

Review and update of the environmental aspects, Chapter 4 in the report of the
preliminary study by JETRO Study Team, March 2003: 4.1 Present situation of
the artificial island project, 4.2 Legal framework, 4.3 JBIC’s Environmental
guidelines, and 4.4 Review of existing environmental conditions.

Proposal for environment management and monitoring plan for the artificial
island.

Cost estimation for the construction of the artificial island.

Project evaluation.



1.4 Study Area

The Study area is at the Pacific entrance to the Panama Canal (see Figure 1.4.1).

-




1.5 Study Schedule

The JETRO F/S has started from August 2003 and will be finished at the end of March

2004.

Table 1.5.1 Study Schedule

year
month

2003

2004

Aug.

Sep.

Oct. | Nov.

Dec.

Jan.

Feb.

Mar.

# Inception Meeting

A. Data Collection

B-a Selection of Island Location

B-b Boring Exploration

B-c Structural Design

B-d Material Transportation and Handling Analyses

B-e Construction Planning

B-f Review of the Environmental Aspects

B-g Cost Estimation

Preparation of Interim Presentation

# Interim Presentation

B-h Project Evaluation

Preparation of F/S Report

# Submitting F/S Report

Note: . Study in Panama,
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CHAPTER 2 NATURAL CONDITIONS

21
2.1

2.1.

Meteorological Conditions

A General

Two weather systems define the climate of Panama. One is the semi-permanent
anticyclone of the Atlantic which produces east winds in the lower layers of the
atmosphere. The other is the Intertropical Convergence Zone (ITCZ), a kind of
meteorological interference associated with the anticyclone of the Eastern Pacific. The
ITCZ moves following the displacement of the sun throughout the year. Consequently,
the seasonal migration of the masses of tropical air from the Pacific and those of
sub-tropical air from the Atlantic, in combination with the local physical geography of

mountains, establishes the weather of each area.

2 Precipitation and Wind

There are two seasons in the Panama city area consisting of the rainy season from
May to November and the dry season from December to April. The annual rainfall is
about 1,700 mm, annual average temperature is 27°C, and the annual relative
humidity is 83.3% During the dry season, the prevailing winds are mostly from the
northwest (58%) with an average speed of 8.0 miles per hour (MPH) and the next
prevailing one is from the north (36%) with an average speed of 11.0 MPH.

During the rainy season, the prevailing winds continue mostly from the northwest
(50%) with an average speed of 6.0 MPH and the next prevailing one is again from the
north (15%) with an average speed of 5.0 MPH. The winds from the south and the
southeast are 12% with an average speed of 7.0 MPH and 5.5% with an average speed
of 5.0 MPH respectively.
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22 Oceanographic Conditions

2.2.1 Wave

The typical wave climate in the Gulf of Panama is relatively mild, because wave
energy can only reach the entrance to the Gulf of Panama from a restricted
directional window due to the geometric shape of the Gulf itself and the surrounding
geography (as can be observed in Figure 2.2.1). That is, the only significant wave
energy to the Gulf may be from south to west-southwest. And the islands within the
Gulf and the geometric configuration of the Gulf itself further shelter the study region
from offshore waves.

More details about wave condition in the Gulf of Panama were mentioned in Chapter

4 Analysis of Wharf Operation Efficiency.

Figure 2.2.1 Overview Map of the Gulf of Panama
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2.2.2 Current

The Oceanic currents in the Eastern Pacific are very complex. One of the main
currents affecting the current of the Gulf of Panama is Equatorial counter-current. It
disappear between 90° to 85° W where it is partially incorporated into the
circulation of the Gulf of Panama. The typical current of the Gulf of Panama
originated in Oceanic Current forms a cyclonic (counterclockwise) circulation known
as Gulf of Panama Current or Colombia current (Bennett; 1965). The intensity of the
current varies with the intensity of the trade winds, being the highest during the
months of December to April, and the lowest from May to June.

More details about current condition in the Gulf of Panama were mentioned in

Chapter 5 Current Analysis.

References
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2.2.3Tides
Tidal level is assumed as shown in Table 2.2.1 based on JICA Report (1997), : The Study on the
Development of the Port of Balboa in the Republic of Panama. This study is based on M.L.W.S..

Table 2.2.1 Tide Level (JICA Report 1997)

JICA Report PL.D.=0.000 | m1 w.s=0.000
Highest Water (H.W.) 3.596 5.918
Mean Monthly Highest High Water (M.H.H.W.) 3.023 5.345
Mean High Water (M.H.W.) 2.140 4.462
Lowest High Water (L.H.W.) 0.676 2.998
Mean Sea Level (M.S.L) 0.307 2.629
0.00 Precise Level Datum (P.L.D.) 0.000 2322
Highest Low Water (H.L.W.) -0.327 1.995
Mean Low Water (M.L.W.) -1.696 0.626
Mean Low Water Spring (M.L.W.S.) -2.322 0.000
Mean Monthly Lowest Low Water (M.L.L.W.) -2.788 -0.466
Lowest Water (L.W.) -3.445 -1.123

Means are from 1973 to 1991. Extremes are from 1909 to 1991
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2.3 Geotechnical Conditions

2.3.1 Bathymetric Information

To understand the bathymetric conditions of construction site, the seismic surveying
was executed by ACP. Seabed contour map obtained from the seismic surveying is
shown in Figure 2.3.1, and top of bedrock contour map is shown in Figure 2.3.2.
Seabed descends in a gradual slope to the offshore. Seabed level of the construction
site is from MLWS-8m to -16m. Top of bedrock also declines gradually to the offshore.
It is note that level undulation is larger in bedrock surface than in seabed. Top of

bedrock level is from MLWS-14m to -30m.
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Figure 2.3.1 Seabed Contour Map Figure 2.3.2 Bedrock Contour Map
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2.3.2 Geological Information

Geological information of rock layer by ACP is shown in Figure 2.3.3. Rock layer of the
construction site is supposed to consist mainly of two categories. They are PANAMA
FORMATION and VOLCANIC ROCKS. PANAMA FORMATION is the sedimentary
and volcanic rock composed by agglomerate and sandstone. PANAMA FORMATION
was formed from 34 million years ago to 23 million years ago. VOLCANIC ROCKS is

composed by andesite and basalt. It was formed about 23 million years ago.

Consisted with "PANAMA FORMATION" and "VOLCANIC ROCKS"

Figure 2.3.3 Geological Map

2.3.3 Geotechnical Information

To understand the geological and geotechnical condition of the construction site, three
exploratory borings were executed newly. The boring points are shown in Figure 2.3.4.

These new boring logs are indicated as IS-A, B and C. "RTP-7” is an existing boring
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point near the construction site. The location of Artificial Island in the Preliminary
Study is enclosed by broken line in Figure 2.3.4. Boring point “IS-B” is located at the
Southeast corner of Artificial Island. Point “IS-A” is 1km far away from Point IS-B
and it is located on the extension line from Point RTP-7 to IS-B. Point “IS-C” is

located at 1km northbound from Point IS-B on the same extension line.
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Figure 2.3.4 Exploratory Boring Points

The geologic section of three exploratory borings is shown in Figure 2.3.5. In Figure
2.3.5, the bathymetric level and top level of bedrock are drawn. The differences of
these levels accounts for 1m approximately. Seismic surveying can find out the almost
accurate level of seabed and surface of rock layer. Geological category of rock is also
shown in Figure 2.3.5. Rock of “IS-B” is agglomerate of PANAMA FORMATION. Rock
of “IS-A” and “IS-C” is andesite of VOLCANIC ROCKS.

The results of standard penetration tests and laboratory soil tests are shown in Table
2.3.1. The standard penetration tests were carried out at in 4.5~5.0m depth from

seabed. N value varies from 7 to 40 in soil layer, and the average of them is calculated

as 24.
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Table 2.3.1 Soil Condition at Construction Site

Borehole | Elevation Depth | N-value | Liquid | Plastic | Plastic Name
From Limit | Limit | Index
Seabed LL PL PI
(m) ™)
IS-A | -179~-184 | -5.0 26 98 28 70 Fat clay
IS-B -16.9~-17.1 | -4.5 40 47 18 29 Clayey sand
-17.1~-17.3 53 21 32 Clayey sand
-17.4~-17.5 — — 61 22 39 Sandy fat clay
-18.9~-19.4 — — 64 23 41 Sandy fat clay
IS-C | -141~-145| -5.0 7 62 28 34 Fat clay
-14.5~14.6 55 20 35 Fat clay with sand
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Classification of soil is regulated by ASTM D 2487. It is obtained by liquid Limit (LL)
and plastic index (PI). Plasticity chart is shown in Figure 2.3.6. When the relational
point between the plasticity index and liquid limit falls on or above the “A” line, the
soil is classified as a clay. When the relational point falls below the “A” line, the soil is
classified as a silt. In this feasibility study, the results obtained from Table 2.3.1

explains that clay is a main component of soil layer around the construction site.
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Figure 2.3.8 Plasticity Chart
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2.4 Earthquake

2.4.1 Historical Seismic Records

Nowadays, US Oceanology & Meteorology Bureau stores historical earthquake
records vfor whole world named as “Preliminary Determination of Epicenters (PDE)”.
The PDE includes the event date, the magnitude and the exact location of the
epicenter (latitude, longitude and depth) from 1973 to 1999. In this study, the large
area around Panama (Longitude of 65° to 95° W, Latitude of 10° S to 25° N ) is

selected as gathering area of historical earthquake events as shown in Figure 2.4.1.

O : Earthquake Event LONGID

Figure 2.4.1 Historical Earthquake Events Map

The magnitude of earthquake events around Panama is shown in Figure 2.4.2. The
seismic coefficient is directly related to peak ground acceleration. Therefore, the peak
ground acceleration has to be calculated in terms of the location of Panama. The

calculation of the peak ground acceleration Ag(G) is expressed as,
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LogAg=0.53M-1log(X+0.0062 X 10053M)-0.00169X+0.524 (2.4-1)
where M : Magnitude of Earthquake

X : Distance between Construction Site and Earthquake Source(km)
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Figure 2.4.2 The Magnitude of Earthquake Events around Panama
(Magunitude>5.0)

The resultant value of equation (2.4-1) is generally recognized as equivalence to the
measurement of ERS accelerometer. The peak ground accelerations calculated by
Equation (2.4-1) are shown in Figure 2.4.3. From Figure 2.4.3, the largest value

accounts for only 62 gal. In other words, the seismic coefficient became 0.06.
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Figure 2.4.3 The Peak Ground Accelerations
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2.4.2 Technical Standards for Buildings in Panama

Technical standards for buildings in Panama include the map of “Coefficient of
Maximum Acceleration relative to Velocity for the Republic of Panama, REP-94,
January 1994” as shown in Figure 2.4.4. According to this Figure, Maximum

acceleration relative to velocity (Av) accounts for 0.10 at the construction site of

Artificial Island.

Figure 2.4.4 Maximum Acceleration Relative to Velocity

for the Republic of Panama

Coefficient of base shear (Cs), which means the ration of horizontal force to dead load

of structure, is calculated by the following equation:

Cs=25A./R = 25A//R (2.4-2)
where A, : Effective peak acceleration
Ay : Maximum acceleration relative to velocity

R : Response modification factor
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Since there is no information in terms of response modification factor R for waterfront
infrastructures on “Technical Standards for Buildings in Panama”, R is newly
assumed as 2.5. The value of 2.5 is not so large in building whose range of R
distributes from 1.25 to 8 in mentioned Technical Standards. By calculating the

equation (2.4-2), the coefficient of base shear (seismic coefficient) becomes 0.1.

2.4.3 Seismic Coefficient

As discussed in Section 2.4.1 and 2.4.2, the seismic coefficient is assumed from 0.06 to

0.1. In conclusion, the seismic coefficient is set to 0.1 in this study.
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CHAPTER 3 Conceptual Plan of Aificial Island

3.1

Arificial Island Construction Method

3.1.1 Construction Method in Japan

During and after construction of Artificial Island, one of the most principal
observances is to achieve the minimum impact on environment. Particularly, the

seawater pollution must be avoided carefully.

Nowadays, when constructing an artificial island in Japan, the reclamation is
implemented after all construction of surrounding revetment. Considering
anti-contamination of seawater, reclamation of inside area should be isolated from

external seawater.

Bird’s view of construction of reclaimed island is shown in Figure 3.1.1 as two
examples in Japan. These photographs are constructions of Kansai International
Airport and Tokyo-wan Aqua Line (Umihotaru Island). Kansai International Airport
was the first artificial airport island in Japan. The area of the artificial island is
800ha surrounded by revetments of total 12km. Seawater is deeper than 25m. Then,
Tokyo-wan Aqua Line consists of undersea tunnel of 10km and continuous girder
bridge of 5km approximately. Umihotaru Island is constructed at the connection point
of undersea tunnel and girder bridge. This artificial island is 600m long and 100m
wide and the water depth is 17m approximately. Reclaimer vessel can be seen just

working in this photograph.
As shown in Figure 3.1.1, reclamation is always executed after construction of

surrounding revetment in Japan. Therefore, environmental impact can be minimized

because the external seawater is excluded perfectly from reclamation area.

3.1-1



(a) Kansai International Airport (b) Tokyo-wan Aqua Line
(Umihotaru Island)

Figure 3.1.1 Construction Examples of Reclaimed Islands in Japan

3.1.2 Structural Types of Quaywall and Revetment

Among popular structural types in Japan is concrete caisson or steel sheet pile
cellular-bulkhead quaywall. Concrete caisson is very popular in many countries.
However, prefabricated steel sheet pile cellular-bulkhead quaywall (called as ‘sheet
pile cellular-bulkhead quaywall) are also popular in Japan but not so in some
countries. In waterfront infrastructures of Japan, more than 20 sheet pile

cellular-bulkhead quaywalls have been constructed since 1970s.

Figure 3.1.2 explains a structural configuration of sheet pile cellular-bulkhead
quaywall. The stability is kept highly with sheet pile cellular and inside filling. Firstly,
straight web-type sheet piles are driven by vibrohammer. Secondly, inside filling is
executed. Straight web-type sheet piles can resist the hoop tension in circumferential
direction, brought on by earth pressure from inside filling. Straight web-type sheet
piles have stronger tension strength than U-type and Z-type sheet piles. Inside filling
needs 1 to 2 days for one cellular-bulkhead quaywall. Calm climate is desirable for
inside filling because empty condition of cellular-bulkhead quaywall is unstable

against stormy wave.
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Figure 3.1.2 Prefabric

ated Steel Sheet Pile Cellular-bulkhead Quaywall

Sheet pile cellular-bulkhead quaywall is compared roughly with concrete caisson in
Table 3.1.1. This Table compares both structures as for environment in installation
and reclamation, construction period and cost, and durability. There are two
differences between them, as in environment in installation and construction period.
In construction (installation) of sheet pile cellular-bulkhead quaywall, driving sheet
piles and then inside filling can keep seawater clean from contamination. On the

other hand, in construction of concrete caisson, rubble replacing may make seawater

dirty.

Furthermore, casting, haulage and emplacement of concrete caisson need generally
longer time than driving sheet piles. Both structural types are even in construction
cost and durability. Additionally, casting work and concrete plant need large sized
area near the construction site in case of concrete caisson. Consequently, sheet pile

cellular-bulkhead quaywall is recommended in this Study.
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Table 3.1.1 Comparison between Sheet Pile Cellular-bulkhead Quaywall
and Concrete Caisson
Prefabricated Steel Sheet Pile Concrete Caisson
Cellular-bulkhead Quaywall
Side view
Replaced Rubble
Environment Good No good
in erection (due to replaced rubble)
Environment Good Good
in reclamation
Construction Short Mediate
period
Construction Mediate Mediate
cost
Durability Good Good
Evaluation Recommended Mediate
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3.2 Container Terminal Planning

There is a plan to use the artificial island for a container terminal in the future. In
this chapter, container terminal planning is studied to set artificial island size and its

location.

3.2.1 Arificial Island Size

3.2.1.1 Target Vessel

Recently, the size of container vessels has become larger and larger to economize
transportation costs and this trend has also been introduced into feeder vessels services.
Historically, Panamax size containers vessels with an overall length of 294 m and a
breadth of 32.6m have been built to enable to pass the Panama Canal, maximizing the
number of containers loaded on ship. Upon the implementation of the Third Locks
Project, it will be possible for container vessels much larger than Panamax vessels to
pass the Panama Canal. Hence, in this Feasibility Study, the dimensions of the target

vessel shall be in accordance with those of the Third Locks Project as mentioned below.

Length Overall (LOA) : 385.7m
Breadth : 54.9m
Draft : 15.2m
DWT : 105,000
TEU : 10,500

Considering above ship dimensions, it can be assumed that target vessels can carry 21

rows of containers on the deck.
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3.2.1.2 Container Demand Forecast

Balboa Port is, at present, playing an important role as a transshipment port in the
Pacific Ocean side of Panama and Panama Port Company has a vision to expand Balboa
Port to receive a growing number of containers in the future although the available
onshore area seems narrow to handle potential demand of containers. The number of
containers to be handled in Panama in the year 2025 has been projected to be
approximately 5,690,000 TEUs as a medium transshipment scenario by the ACP Study.
Under such circumstance, it can be assumed that the Artificial Island Port will receive
approximately 1,000,000 TEUs for the year 2025 in consideration of the allocation each

other.

3.2.1.3 Berth Dimensions

The container terminal should be designed to accommodate the target vessels as
mentioned in Chapter 3.2.1.1, with a draft of 15.2m fully loaded. The length of the
container berth is determined to receive the design vessel length and bow and stern
mooring space. Suppose the mooring angle of vessels is 45 degrees considering that the
berth line is continuous and straight, the length of the berth can be calculated to be
450m by the following formula.

Length of Container Berth = 385.7 m + 2 x (54.9/2 + 2.0) = 444.6 m © 450 m

¢ =45°

Container Vessel
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3.2.1.4 Number of Container Berths Required

Using the container traffic forecast by ACP, the number of container berths required in

the year 2025 could be determined by the following formula.

Nb = My / (Ec x Nc x (1+Rf) / (Dy x Hd) / Br
Where;
Nb : Required number of container berths

My : Container throughput (in TEUSs) in the year 2025 1,000,000 TEUs

Rf : Ratio of 40 foot containers 80%

Ec : Container handling productivity per hour 25 Boxes
Nc : Number of gantry crane to be allocated 2 Nos.
Dy : Annual operational days 356 Days
Hd : Working hours per day 20 Hours
Br : Berth occupancy rate 0.40

- Nb=1,000,000/(25x 2x 1.8) / (20 x 356) / 0.40 = 3.90 > 4 berths in 2025

The required number of container berths (Nb) has been calculated to be 3.90. Therefore,
four (4) container berths, each of which is equipped with two (2) gantry cranes should be
planned to accommodate the prospected number of containers in the year 2025. Two (2)
berths are to be planned additionally in the year 2035 provided that the container

cargoes increase with an annual growth rate of five (5) percent.

3.2.1.5 Depth of Container Terminal

The area for land needed for a container terminal depends on the availability of land and
soil conditions. In this case, the sufficient depth of the container terminal should be
secured to cope with a growing number of container cargoes taking into account the

stacking method in the yard and necessary facilities in the container terminal.
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In the case of Yokohama Port, one of the biggest ports in the Tokyo Metropolitan area, Japan,
the Port has recently installed mega quayside gantry cranes with an outreach of 63 m in
order to accommodate container vessels, having 22 rows on the deck. Yokohama Port,
handling approximately 2.3 million TEUs in 2002, has a depth of 500 m for the container
terminal.

The number of grand slots in the container yard should be maximized to stack containers
as many as possible in the terminal. Hence, considering the future increase in
container cargoes and future deployment of larger size container vessels, a depth of 500

m for the container terminal would be planned.

3.2.1.6 Phase-wise Development

(1) Phase |

As the transshipment study by ACP is targeted at the year 2025, the Phase I
development of the Artificial Island Project can be set as the same year as well. Based on
the required number of container berths, the Phase I development has been determined.

Also, dredging plan has been planned phase-wisely to achieve cost effective development.

(2) Phase Il

The Phase II development is targeted at the year 2035, which is 10 years later of the
Phase I. Two (2) additional container berths would be provided to meet the container
demand in 2035 and additional work for dredging and the construction of onshore

facilities is required.

3.2.1.7 Reserved Area for Future Commercial Activity

Two (2) liquid cargo berths are provided to receive bunker oil for container vessels at the
area with a depth of -12.0 m. No dredging is necessary to accommodate 30,000 DWT

class tankers at the future liquid cargo berth area and tidal operation is not needed for

such size of tankers. Some tank storages are also to be provided onland to stock oil.
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Bunker oil can be transported from the storages to the container berth through
pipelines.

Once the Artificial Island is constructed by use of the material generated from the Third
Locks Project, various distribution facilities would be located near the container terminal.

Also, expected are various commercial activities on the Island to be generated.

3.2.2. Access Channel and Turning Basin

3.2.2.1 General

The design of an access channel encompasses a number of disciplines including ship
handling and maritime engineering in order to ensure a desired level of navigation and
safety. Access channel design involves layout planning including dimensions of the
water area with reference to the following items.

- Depth of the channel

- Alignment and width of the channel

- Size and shape of maneuvering
PIANC (Permanent International Association of Navigation Congress) is applied in

determining the required width/space of the access channel and turning basin.

3.2.2.2 Channel Depth

Container vessels should approach or leave the berth without appreciable delay.
Therefore, the channel depth for container vessels, in principle, should be determined
without considering tidal operation which may impose the vessels to wait for flood tides.
Adequate provision for clearance beneath vessels and under keel clearance is needed to
ensure that vessels do not ground during navigation of the channel. The depth of water
needed by container vessels is determined by its sailing draft and sufficient additional
clearance (under keel clearance). In general, the required additional water depth is

almost equal to 10% of the draft. More detailed, the required clearance varies
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depending on the size of vessel, its speed, extent of the channel, wave conditions, current
conditions, and wind conditions.
The following are requirements to be taken in calculating the water depth in the
channel.

Loaded vessel draft including trim

Squat

Wave spectrum

Safety clearance

Dredging tolerance

Advanced maintenance dredging

[Loaded draft]
A fully loaded draft of 15.20m for the target vessel as mentioned in Chapter 3.2.1.1 has

been adopted.

[Squat]
Squat is the combined effect of sinkage and trim due to the forward velocity of the
vessels. It is noted that accurate prediction can be made by the use of computer models

developed for squat in both calm water and waves.

[Wave spectrum]

In a channel subject to wave action, it is important to ensure that adequate underkeel
clearance is available to accommodate ship motions generated by waves. Since the
Artificial Island area is protected by Taboga and Taboguilla Islands from south direction

waves, resulting in little consideration on wave spectrum.
[Safety clearance]

A net underkeel clearance should be considered depending on the channel bed condition.

A safety clearance of 0.6 m has been adopted because the seabed consists of sand or silts.
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[Dredging tolerancel
An additional tolerance depth of 0.5 m has been considered since it is difficult to dredge

the seabed accurately, depending on dredging equipment.

[Advanced maintenance dredging]
The magnitude of siltation has not been assumed yet although it might take place at the
channel area. Therefore, an additional depth should be considered to secure necessary

water depth before maintenance dredging is carried out.

Water density and its effect on sailing draft are not needed to be considered this time
although it might be considered if vessels maneuver in a river or lake. It is noted that all
dredging depths and draft are referred to Mean Lower Water Spring (MLWS) tide
elevation. Considering the above under-keel clearance, the required depth of the access
channel and the container berth is MLWS-16.75 m, which is almost same as the figure
from the previous ACP Study.

3.2.2.3 Alignment of Channel

In principle, the access channel should be aligned to reduce the channel length without
unnecessary bends if no restrictions are imposed in a waterway. Also, excessive impact
to the maneuvering vessel by the wave force from behind should be eliminated because it
may take time for vessels to stop under such conditions especially for large vessels. Two
islands, namely Taboga Island and Taboguilla Island, could hinder from offshore waves.
Avoiding shoals and rock crops appearing on the seabed is also important in setting up
the alignment. As shown in Figure 3.2-1, the channel with an approximate length of
2.0 km has been aligned to pass between the two Islands where enough water depths are

secured.
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Figure 3.2-1 General Plan for Artificial Island
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3.2.2.4 Channel Width

The minimum width of the channel is governed by the breadth of the largest vessel to
pass and the relationship depends on a number of factors affecting the navigation
including vessel speed, winds, currents, waves, bottom surface, waterway depth, cargo

hazard level, ship clearance and bank clearance.

[Cross Wind]
Cross wind affects the vessels at all speeds, but will have its greatest effect at low ship
speeds. It will cause the vessel to drift sideways or to take up an angle of leeway, both

of which need an additional width for maneuvering.

[Current]

Cross currents affect a vessel’s ability to maintain maneuvering in the channel. As
analyzed in Chapter 5 “Current Analysis”, the current in the channel after the
construction of the Artificial Island might not cause any affect on the vessel navigating
the channel due to the result that the speed of the currents would be less than one (1)

knot.

[Waves]
Waves naturally have an effect on channel depth. If the wave fronts move across the

channel, they will also have an effect on maneuvering, and hence channel width.

The breadth of the target vessel is 54.9 m which is 1.7 times of that of Panamax vessels.
It is costly for dredging the channel based on only the dimensions of the largest vessels
to be called. Also, as explained in Chapter 3.2.2.4, the length of the channel is
approximately two (2) km. It is therefore suggested that the initial channel width should
be 280 m which equals five (5) times of the breadth of the target vessels. However, it is
noted that exactly required and optimum width of the channel should be determined by

above considerations and by use of ship simulations in the succeeding detailed planning.
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3.2.2.5 Side Slope

It is too early to employ mathematical methods to determine the most appropriate side
slopes for the channel. The side slope of the dredged channel and basin can be
determined based on experience of slope behavior under similar soil and hydrodynamic
conditions. In this case, the slope of one (1) in five (5) has been adopted for dredging the

access channel and the turning basin.

3.2.2.6 Navigation Aids

Navigation aids along the channel and turning basin would be mandatory. Channel
entrance buoys, channel marker buoys, and basin marker buoys are to be provided for
safe maneuvering. The number of the buoys will be increased in accordance with the

dredging plan. Also, safety markers and light beacons are to be installed.

3.2.2.7 Turning Basin

The area of a turning basin should be determined considering the conditions such as the
size of vessels, sea and weather condition and the number of tug boats to be used for
assistance. A turning basin should have a diameter of two (2) fold of the largest vessel
length if tug assistance is provided. Therefore a diameter of 700m has been adopted for
the turning basin. The turning basin should be allocated to enable the vessels to

approach the container berth safely.

3.2.3. Container Terminal Layout Alternatives

3.2.3.1 Concept of Terminal Layout Planning

At present, there is a variety of operation systems used around the world. These vary

extremely sophisticated and virtually fully automated handling concepts to fairly simple
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operation practices. There are four (4) commonly applicable container handling system
such as Transfer Crane System , Straddle Carrier System, Reach Stacker System and
Forklift System, each of which has advantages and disadvantages as summarized in
Table 3.2-1. The choice of yard handling and stacking method is fundamental to terminal
design, its performance and its cost. The decision on the container handling system
affects the area and arrangement of the stacks and the strength of the pavement needed
and can have significant effect on the capital and running costs of the container terminal.

According to the overall evaluation, the Transfer Crane System is recommended.

Table 3.2-1 Comparison of Yard Handling Systems

Evaluation Item Forklift Reach Stacker | Straddle Transfer
System System Carrier Crane System
System
Handling Capacity Small Slightly small Normal Large
Storage Capacity Small Slightly small Normal Large
Initial Investment Small Small Slightly High High
Adaptability by Several | Acceptable Acceptable Acceptable Acceptable
Operators (Stevedore)
Computerization Difficult Difficult Difficult Suitable
Pavement All Heavy All Heavy All Heavy Travelling
Pavement Pavement Pavement Lanes only
Heavy
Pavement
Damage of Container Large Large Slightly large Small
Flexibility of Operation Flexible Flexible Flexible and Small
simple
Required Stacking Huge Huge Slightly Large Small
Area
. Not Not Normal Good
Overall Evaluation Recommended | Recommended

3.2.3.2 On-land Facilities
(1) Container Yard

The container terminal requires extensive space for marshalling containers including

empty and reefer containers. The required space for container stacking and marshalling

3.2-11



is dependent on container handling system to be employed such as transfer crane system,
straddle carrier system, reach stacker system, and forklift system. The transfer crane
system will be applied for the container terminal at the Artificial Island since the
stocking capacity is large and future computerized system is possible. The depth of the
terminal has been set to be 500 m as explained in Chapter 3.2.1.5. The detailed layout of

the container yard is shown in Figure 3.2-2.
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Figure 3.2-2 General Container Yard Arrangement Plan
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(2) Container Freight Station

In general, a container freight station (CFS) is provided in the terminal for handling
LCL (Less than Container Load) containers for stuffing or un-stuffing work. Also, the
CFS is not always situated inside the terminal and it should be located at the convenient
place for transportation. Since the Artificial Island handles transshipment containers

in most cases, it is not necessary to construct a CFS in the terminal.

(3) Gate

The gate is a facility for performing the works of transfer of documents required
containers move in and out of the terminal. Enough number of lanes should be provided
to reduce the waiting time at the Gate. The Gate should be located functionally to
streamline the movement of trucks in the container yard. Two (2) Gates will be

provided in the Island.

(4) Maintenance & Repair Shop

Maintenance & Repair Shops are situated functionally to maintain and repair cargo
handling equipment and containers including reefer. The scale of the Maintenance &
Repair Shop should be designed to accommodate transfer cranes, forklifts, and
containers in the Shop and the Shop should be located considering transfer crane’s
accessibility. In addition, other equipment such as forklifts, top lifters can be stored in
the Shops. Three (3) Maintenance Shops are provided in the Terminal.

(5) Administration Office
The Administration Office, accommodating an administration department should be
located, in general, adjacent to the entrance of the terminal to provide pivot functions

such as collection.
(6) Other Facilities

Water tower, electric substation, garbage shed would be provided in the container yard

as well.
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3.2.3.3 Equipment

(1) Quayside Gantry Crane
Considering the size of the target vessels, quayside gantry cranes should have an out

reach of 60m, having a rail span of 30m.

(2) Transfer Crane

Transfer cranes are installed for stacking loaded containers to the designated module. In
general, three (3) transfer cranes (rubber tire type gantry cranes) are provided for each
quayside gantry crane to maximize the operation of the gantry cranes. If two (2)
numbers of transfer cranes are employed per quayside gantry crane, the efficiency of

container handling tends to be controlled by the efficiency of the transfer crane.

(3) Other Equipment
Forklift and reach stackers are expected to be installed for container cargo handling in

the yard.

3.2.3.4 Container Terminal Layout Alternatives

(1) Plan-A

Plan-A is located at the north end of N978,000 and the east end of E656,800 as shown in
Figure 3.2-3. Plan-A is located approximately 1,500 m south of the location of the ACP
Study in December 2001. Plan-A has four (4) container berths on the east side of the
Island as the Phase I development, while two (2) berths are to be provided on the south
side as the Phase II development. The area of the Island is 252 hectares, extending 1,800
m from the south to the north and 1,400 m from the east to the west. The red colored
area will be dredged for the Phase I development, while the blue area is for the Phase II
development. A rubble mound type breakwater with a length of 3,300 m is provided to
secure defined calmness in front of the container berths as detailed explained in Chapter

4 “Wave Calmness Analysis”. Figure 8.2-4 depicts the layout of the Island for Plan-A.
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The length of the access channel is approximately 2.0 km extending to the southeast
direction. The alignment of the channel has been determined to avoid the shallow area,
which appears in the bathymetric map. A turning basin with a radius of 770m is
provided at the east of the Island. An accessway is configured to minimize the quantities

of the materials to be used for the Accessway.

(2) Plan-B

The northeast corner of Plan-B is same as that of Plan-A. Plan-B as shown in Figure
3.2-5 has an area of 198 hectares, extending 1,800 m from the north to the south and
1,100 m from the east to the west. Four (4) container berths are provided on the east side
of the Island and two (2) berths are to be secured on the west side. Two (2) turning basin
with a radius of 770 m should be provided, one is situated on the west of the Island and
the other is on the east of the Island. No breakwater is needed to secure defined
calmness in the berths as detailed in Chapter 4. Figure 3.2-6 depicts the layout of the
Island for Plan-B.
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(3) Plan-C

The northeast corner of Plan-C is same as those of Plan-A and Plan-B. Plan-C as
depicted in Figure 3.2-7 has an area of 198 hectares, extending 2,700 m from the north to
the south and 733 m from the east to the west. Six (6) container berths are provided on
the east side of the Island. Northern four (4) berths are for the Phase I development
and the remaining southern two (2) berths are provided for the Phase II development.
One (1) turning basin with a radius of 770 m is located on the east of the Island. The
length of the channel is approximately 2,300 m a bit longer than those of Plan- B'and C.
No breakwater is needed to secure defined calmness in the berths as detailed in Chapter
4. Figure 3.2-8 depicts the layout of the Island for Plan-C.
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3.3 Artificial Island Location
3.3.1 Study Area

Location of Artificial Island is studied within the same area as Pre-feasibility Study in
2002. That is the oceanic area enclosed by the Entrance to the Panama Canal, the

Cape Bruja, Taboga Island and Taboguilla Island.
3.3.2 Location on North-South Direction

As shown in Section 2.3, the existing seabed level becomes gradually deeper according
to going offshore southbound from landside.

Necessary depth for the berth facility is planned as MLWS —16.75m. Roughly
estimating the unevenness of existing seabed level at 1 m, the shallowest level of
installment of steel sheet pile cellular-bulkhead quaywall should be set to MLWS
—18m. This minimum depth is illustrated in Figure 3.3.1.

M.LW.S.

7 r
Water Depth
=16.75m

_N
Necessary Thickness > 1.0m

T

Minimum depth of bedrock
<M.LW.S. -16.75m - 1.0m =-17.75m [} -18.0m

Figure 3.3.1 Minimum Depth for Instaliment of Cellular-bulkhead Quaywall
If Artificial Island is constructed on the shallower rock layer than MLWS —18 m, the

construction cost can increase considerably due to huge excavation volume of stiff

rock layer.
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On the other hand, the farer away from landside to offshore (southbound) the
construction site is located, the larger the infrastructures becomes, such as the
sectional size of cellular-bulkhead quaywall and the total length of Accessway. It
follows that the construction cost will be much more expensive.

In this study, the following alternative cases are compared in termsb of construction
cost to decide the best location of Artificial Island on north-south direction. The layout

of the Island for Plan-B in Section 3.2 is used for this comparison.

a) Location] (see Figure 3.3.2)

Artificial Island is located to correspond the north edge of Island with the contour line
of rock layer level of MLWS -18 m. There is no need to excavate stiff rock layer in this
case.

b) Location Alternative Il -a (see Figure 3.3.3)

Artificial Island is located to correspond the south edge of Island with the south edge
of Location P1 defined in ACP Report “Preliminary Study of Island Development at
the Pacific Entrance of the Panama Canal”. In this case, rock excavation is needed to
construct two berths in north side of island, but not needed to construction four berths
in south side.

¢) Location Alternativelll (see Figure 3.3.4)

Artificial Island is located to correspond the north edge of Island with the north edge
of Location P1 defined in ACP Report as well. Though there is a merit in this case of
reducing the total length of Accessway, huge quantity of stiff rock have to be
excavated for all six berths unfortunately.

d) Location Alternative Il -b

The location of Artificial Island is the same as Location Alternative Il -a. However, the
necessary depth of berth is changed to MLWS -13.5 m for the first northern berth and
MLWS -14.5 m for the second northern berth. This case allows intentionally the
reduction of berthing ability of two northern berths, in which the berth depth should
have been MLWS -16.75 m originally. Other four (southern) berths can keep the
sufficient depth of MLWS -16.75 m.
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The result of comparison of these four Location Alternatives is shown in Table 3.3.1

and Figure 3.3.5. The construction cost in Table 3.3.1 includes that of Accessway.

In comparison of Location Alternatives I, II-a and II, it is obviously proved that the
construction sites in northern side from the line of rock layer level of MLWS -18 m
lead to be more expensive. This is because the cost-push for rock excavation is larger
than the cost-down by shortening the total length of Accessway. Meanwhile, the
construction cost is getting larger according to setting the construction site farer away
to offshore (southern) direction as mentioned previously. Consequently, the cost
minimum can be achieved when the Artificial Island is located to correspond the

north edge of Island with the contour line of rock layer level of MLWS -18 m.

Actually, Location Alternative Il -b can be constructed with cheaper cost than Location
I due to no rock excavation. However, Location Alternative I -b can not keep satisfied

berthing ability.

In this study, it is concluded that Location I is the best location for construction of

Artificial Island on north-south direction.

3.3.3 Location on East-West Direction

As shown in Figure 3.3.6, rock layer level of Area A and B are especially deeper than
MLWS ~18 m. These Area A and B should be avoided from candidates for construction
site of Artificial Island, in which the construction volume and cost become larger.
Meanwhile, rock layer forms marine valley in Area C. The soil volume of excavation
(dredging) can be reduced when the construction site is set along this valley.
Therefore, the best location of Artificial Island on east-west direction can be achieved
by corresponding the east edge of Island with valley line in Area C as indicated by

enclosed area in Figure 3.3.6.
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Figure 3.3.6 Level Contour of Rock Layer under Seabed

3.34 Recommended Location for Artificial Island

As a results of the above comparison study, the recommended location of Artificial
Island is set to the followings (see Figure 3.3.7):

North Edge of Artificial Island:  N978000

East Edge of Artificial Island: N656800

BV . 3
H ;

.H\A-i'tiﬁciallsl_and
A . 4

N Corner of Artifici d ~
Figure 3.3.7 Best Location of Artificial Island
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3.4 Accessway

The alignment of the Accessway has been determined as shown in Figure 3.4-1 to pass on
the shallow area in order to reduce construction costs. Structures of the Accessway have
been examined such as causeway as shown in Figure 3.4-2, bridge, and trestle as shown
in Figure 3.4-3, while the best structure is causeway in terms of construction costs.

On the other hand, causeway could hamper currents and it might impact on the
environment. Therefore, current analyses have been conducted as detailed in Chapter 5
and Appendix 3 for four (4) cases in terms of structure type such as causeway, causeway
plus trestle, causeway plus bridge, and bridge. It is evident that the best structure from
a view point of the environment is a bridge type. A 50 m length bridge will be constructed
for small vessels’ passage at the point where water depth is -5.0m (Zone 2).

Comparison of the construction costs for the Accessway has been made in three (3)

structural types as explained in Table 3.4-1.

Table 3.4-1 Comparison of Accessway Types

Type A Type B Type C
1. Structure of
Accessway
Trestie: 50m*7=350m
Zone 1 Causeway: 1,700m Trestle: 1,700m
Causeway: 1,350m
Zone 2 Bridge: 50m Bridge: 50m Bridge: 50m
lone 3 Causeway: 3,775m | Causeway: 3,775m Trestle: 3,775m
2. Impact on Current
B A AA
Flow {see Chapter 5)
3. Construction Cost $92 M. $99 M. $210 M.
4. Comprehensive
B AA A
Evaluation

As a result, the selected structures were causeway plus trestle at the section shallower

than -3.0 m (Zone 1) and causeway at the section deeper than -3.0 m (Zone 3).
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CHAPTER4 Analysis of Wharf Operation Efficiency

4.1

Introduction

Based on the location of the artificial island presented in Chapter2 and 3, the effect of
wave transformation and calmness of the existing basin condition due to the
placement of the proposed artificial island were investigated in this chapter. And

finally, wharf operation efficiency was calculated.

The objectives of this chapter are:

To calculate the transformed wave climate in the region of the proposed artificial
island under existing conditions
* To evaluate the wharf operation efficiency for cargo handling at each container

berth

At first, offshore wave climate was investigated. Secondly, wave transformation from
offshore to near-shore was analyzed. Thirdly, calmness around the proposed island
was analyzed and lastly, using the above data, the wharf operation efficiency for
cargo handling at each container berth was evaluated. Figure 4.1.1 shows flowchart

of examination.
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4.2 Offshore Wave Climate

A preliminary evaluation of the environmental conditions impacting the site was

necessary to develop the appropriate modeling strategy.

A 31 year wave hindcast, from the start of 1970 through the end of the year 2000, was
obtained from Oceanweather Inc. It was quoted from ACP report, ‘WAVE
TRANSFORMATION STUDY’ by Moffat & Nichol Engineers. The hindcast utilized
Oceanweather’'s CROW (Global Reanalysis of Ocean Waves) model to produce a time
series of wave parameters at a location just offshore of the entrance to the Gulf of
Panama. The GROW model provides global wind and wave hindcast data at grid
points throughout the globe. The global oceans are divided into a 0.625 by 1.25
degrees latitude/longitude grid. Wave and wind fields are archived every 3 hours. For
this study, the hindcast wave data was obtained for GROW2000 model grid point
30275 and included a time series of significant wave height, wave direction, and wave
period, output every three hours for the entire 31 year period (1970-2000). This data
was used as the offshore deepwater wave conditions. Grid point 30725 is located at
6.875° latitude and 280.0° longitude, just offshore of the Gulf of Panama near the
southwest edge of the gulf mouth, shown on Figure 4.2.1. This point was selected
because it is located in an area that captures the wave climate from the predominant

directions expected to impact the site.

Wave energy can only reach the entrance to the Gulf of Panama from a restricted
directional window due to the geometric shape of the Gulf itself and the surrounding
geography (as can be observed in Figure 4.2.1). The offshore fetch to the south is
limited by the shape of South America with the west coast of Ecuador blocking some
of the large swells that originate near the Antarctic. Table 4.2.1 shows percent
occurrence of offshore waves about peak wave period (7p) by mean wave direction
(degrees clockwise from North). The only significant wave energy that can affect the

project site is from a window extending from south to southwest (200° -240° ).
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Table 4.2.2 shows percent occurrence of offshore waves about significant wave height
(Hs) by peak wave period (7p). The table shows that significant wave heights are
almost ranged from 0.5 to 3.0 meters. Predominant wave heights are centered around

1.0-1.75 meters. On the other hand, over 95% of the peak offshore wave periods were

between 6 and 20 seconds.
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Figure 4.2.1 Location of Oceanweather’s Grid Point
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4.3 Examination Cases

Based on the previous analysis of offshore wave climate, wave periods from 6 to 20
seconds and wave directions from 205 to 235 degrees were chosen for the case study
about wave transformation and calmness in the basin. Then, examination cases were
shown in Table 4.3.1, with just 54 cases. The cases of 6 and 8 second-period-waves
coming from 205 degrees were not examined, because those cases may not occur as

shown in Table 4.2.1.

Then, assuming that offshore waves occur only this sphere as shown in Table 43.1,
joint frequency tables are provided in Appendix 2.1 for the whole period of hindcast

for the following pairs of variables:

* Significant wave height (Hs) by peak wave period (7p)
* Peak wave period (7p) by mean wave direction
Significant wave height (Hs) by mean wave direction

for each peak wave period(7p)

Table 4.3.1 Examination Cases

Wave Direction Peak Wave Period, Tp(sec)
(degrees) 6 8 10 12 14 16 18 20
205 case03 1| case04 1| case05 1| case06 1| case07 1| case08 1
210 case01 2 | case02 2 | case03 2 | case04 2 | case05 2 | case06 2 | case07 2 | case08 2
215 case01 3 | case02 3 | case03 3 [ case04 3 | case05 3| case06 3 | case07 3 case08 3
220 case01 4 | case02 4 | case03 4 | case04 4 | case05 4 | case06 4 | case07 4 | case08 4
225 case01 5 | case02 5 | case03 5 | case04 5| case05 5| case06 5| case07 5 case(8 5
230 case01 6 | case02 6 | case03 6 | case04 6 | case05 6 | case06 6 | case07 6 case08 6
235 case01 7 | case02 7 | case03 7 | case04 7 | case05 7 | case06 7 | case07 7 | case08 7
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4.4 Analysis of Wave Transformation

4.4.1 Modeling Approach

As deepwater waves propagate toward shore and into shallower water, they are
modified both in direction and height, due to interaction with the sea floor. It is
important to quantify these transformation effects so that a deepwater wave climate
may be adapted to describe the near-shore climate at the proposed site. A wave model
was required the offshore wave climate to the project region (proposed vicinity of the
artificial islands). Regional grids were developed to take waves of various periods

from deepwater to the near-shore project region.

Using the offshore hindcast data, the waves were transformed to the project site to
account for refraction, diffraction and shoaling effects from changes in the
bathymetry as waves propagate from offshore to the shallower near-shore project
region. The wave transformation processes of shoaling, refraction, and diffraction
depend on the period of the waves. Refraction and diffraction also depend on the

incident wave direction.

Sophisticated models have been developed in recent years that use finite-difference or
finite-element techniques to calculate the wave conditions (height and direction) at
nodes (normally element techniques or thousand) definite within the boundaries of a
model grid. One such model based on Energy Balance Equation (Karlsson;1969) was
utilized for this study. That is a linear refraction model taking into account of the
effects of refraction and shoaling due to varying depths. Though the presented
method strictly does not include the effect of wave diffraction, the method is
applicable to the estimation of wave transformation on a circular shoal and behind a
breakwater, because the property of directional randomness of real sea waves

weakens the effect of diffraction (Takayama et al.;1991)
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The basic equations of the model are described as

0 d 0
E(Dvx)’f ;(Dvy )+ EE(DV" )=0
v, =C, cosé

v, = Cg sin @

C
Vv, = —i(Esine —Ecoso)
c | ax 3y

where, the parameter D( f,B) stands for directional spectrum. The parameters C ¢

and C stand for group velocity and wave velocity. Then, directional spectrum

D( f ,9) are described as

D(f,0)=5(f)G(f,6)

where, the parameter S( f) and G(f ,0) represent frequency spectrum and
directional function. Then, for incident spectrum, Breatschneider-Mitsuyasu

frequency spectrum and Mitsuyasu directional spectrum were adapted for S ( f ) and

G(f,6).

The main output data are integral wave parameters such as wave height, peak wave

period, and mean wave direction.
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4.4.2 Modeling Region

As shown in Figure 4.2.1, the distance from the proposed artificial island to wave
hindcasting point (about 250 kilometers) is very long compared with the size of
proposed artificial island (about 1.0~2.0 kilometers). So wave transformation was

analyzed by two phases using two types of modeling region.

Figure 4.4.1 and 4.4.2 show the modeling regions. In order to transform the deepwater
waves to those representing the nearshore wave climate at the proposed site, a
Regional Model was first created as shown in Figure 4.4.1. The bathymetry grid for
the modeling region was approximately 350 by 250 kilometers and the grid spacing of
both x and y-directions is 250 x 250 meters. Wave hindcasting data was inputted on

the offshore boundary.

After calculation of the regional model, Local Model as shown in Figure 4.4.2 was
simulated. The bathymetry grid for the Local Model was approximately 40 by 30
kilometers and the grid spacing is 25 x 25 meters. For the local model, the directional

spectrum resulted from the regional model analysis have been taken over.
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4.4.3 Other Conditions of Analysis

In Regional Model, if water depth is over 3,000 meters, data of those grid points have

been set up 3,000 meters.

Other conditions of wave transformation have been as follows:

division number of frequency : 10 (energy evenly divided)
division number of directions : 45 (0 max=+90° , 6 min=—90° )
* incident spectrum . Breatschneider-Mitsuyasu frequency spectrum

and Mitsuyasu directional spectrum
* spreading parameter : Smax =25

* sea bottom slope :  0.01 (=constant.)
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4.4.4 Model Results and Discussion

The result of computation on wave transformation is presented in Figure 4.4.3. It
shows contours of the wave height ratio against offshore wave height and averaged
waves directions. Figure 4.4.3(a) shows the result of regional model and Figure
4.4.3(b) shows that of local model. Those results are in the case of 20-second-period
waves coming from 205 degrees (case.08_1). All results of wave transformation

analysis are presented in Appendix 2.2.

The typical wave climate in the area of the proposed artificial island is relatively mild
with the geometry of the Gulf of Panama and South America limiting the directions of
waves ente<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>