I|l|||IlllIIIIINIHIHilll\lIlIIIIIIIIIHHIIHII | 00 GCT. 2004 i
Contract No. CC-3-557
Architectural and Engineering Services for
Engineering Site and Assessment, Conceptual
Design and Related Services .
g
PRELIMINARY STUDY OF ISLAND .
3, DEVELOPMENT AT THE PACIFIC 4%
5 ENTRANCE OF THE PANAMA CANAL
g

Final Report

December 2001

CENTRO DE RFCURSOS TECNICNS
AUTORIDAD DEL CANAL DE PANAMA



CONTENTS

LN (417 o 0o (o] o U SRR 1-1
2 StUAY ODJECHVES ...ttt 2-1
3 Scope of the StuY ..o 3-1
4  Commercial development SCENATIOS .........cc.uveiieiiiiii e 4-1
4.1 Panama Container Terminal Capacity ..........cccceovoierieeieeeie e 4-2

5 Demand for containerized cargo based value added & distribution services............ 5-1
6 Facilities Planning ... 6-1
6.1 Container TerMINAIS. .......ccuiecuieiieeiec et e e et e 6-1
B.1.1  ShIP SIZe....ooiiii s 6-1
6.1.2  Berth DIMENSIONS .......ooiiie e 6-2
6.1.3  Terminal Throughput. ..o 6-2

6.2 Value Added and Distribution SErviCes ................ccccvvveiiiiiiiiiiceeceeeee e 6-3

7 Island Location Evaluation ...t 7-1
7.1 Planning Criteria .......c.ooi i 7-1
711 Navigation ASPECES .........ooiiiiiiiiii e 7-1
7.1.2  Land Use Compatibility (Howard AFB) ............cccoveimiiiiieeieeee e 7-1
7.1.3  Land SIdE ACCESS. ... .ueiiiiiieeii et 7-1
7.1.4  Geotechnical Considerations............ccccocviiieiiieeiieiceeceee e 7-2
7.1.5  RecoMMENdatION......ccooiiiiiiiiiii e 7-2

8  Civil engineering evaluation .............cccuoiiiriiiini e 8-1
8.1 INrOAUCHION ... 8-1
8.2  Characteristics of Excavated Material..................oooooviiiiiii i 8-1
8.3 QUANIHIES ..ot 8-1
8.4  Construction SCheduUIe............coooiiiiiiieee e 8-2
8.5  Wave ProteCtion..........ci i 8-3
8.5.1 Coastal Design Conditions ............ccoovuiriiiiiieciceeecee e 8-3

9 Development CONCEPES. ......ouiiiiie et 9-1
9.1 INrOAUCHION ...t e e e eee e 9-1
9.2  Construction Considerations..........c.ccccoviiiiiiiiic e 9-1
9.3  Materials Transportation Alternatives.................coooveiiiiii i 9-2
9.3.1 Methodology for Computation of Transportation Costs ..............cc..cccco....... 9-2
9.83.2  Truck Haul Option ........occuuiiieiiii e 9-3

Final Report i



9.3.3  Rail Transportation System ..........ccooiiiiiiiiiiicce e 9-4

0.3.4  CONVEYOT SYSTBM ..ottt et e 9-9
9.3.5  Preferred Materials Transportation System ............c...ccocceiviiieveiecinceen. 9-11
9.4  Access Recommendations............oocuvveioiiiieiiiiiie e 9-11
9.4.1 = o =7 o 1= 3ROSR 9-11
9.5 NaVIgation ACCESS ...cooiiiiiiiiiiiciiiie ettt e et 9-14
9.5.1 Operational Criteria...........oooiiiiiiiiieee e 9-14
9.5.2  Design Standards ...........cccooiiiiiiiiiiiee e 9-14
9.5.3 Channel Depth Requirements .............coovieiiiiiie e 9-15
954  Channel Width ... 9-16
9.5.5  RecomMmMEeNdatiONS..........ccuiiiiiiiieeeiie et 9-17
9.6 WaVe ProteClioN..........cooiiiiiiiie et 9-19
9.6.1 Protection Requirements ..........c..coe e 9-19
9.6.2  Breakwater ARErNAatives.........ccccoviiiiier i 9-19
9.6.3  Preliminary Design BasiS..........ccceeieiiiiiiiieiee e 9-19
9.7  Development CONCEPES.....cccoiiiiiiiiiie e 9-22
9.8 Land USE Plan ..o 9-28
9.8.1 Marine TerminalS ...........cooiiiiiiiiie e 9-28
9.8.2  Value added and Distribution Facilities..............cccccceeivviiviiiiiee e 9-28
9.8.3 Commercial and Support SEIVICES............occvieeiieicees e 9-28
0.8.4  PUDIIC ACCESS ArBAS .....ccuiieiiiii ittt et 9-28
10 Environmental ISSUES ...........ccooiiiiiiiiie e 10-1
10.1 Objective of the Evaluation................ccoooiviiiiiiiiiee e 10-1
10.2 Basis fOr ANAIYSIS .........oooiiiiii e 10-1
10.3 Legal Framework..........occui et 10-2
10.4 Scope of Required Environmental Studies.............cc.cccoivviiiiivieeceeceee 10-2
10.4.1  Categorization..........ooi i 10-2
10.4.2  FrameWOrK .........ouiiiiiiiee e 10-2
10.4.3 Area Influenced by the Project..........ccccoooviiviiiiiiiiiicecc e, 10-2
10.5 Critical Factors for consideration.................ccoovueeviieeie e 10-3
10.5.1 Background and Identification of the Sponsor..............c.cccccovvviieii . 10-3
10.56.2 Site Selection & Construction .............ccocoei i, 10-3
10.56.3 Evaluation of Long Term Activities .........c.cccoevremieiiceecece e, 10-3
10.5.4 Types of Inputs and Generation of Waste ...............cccooocveveieiieeiciien 10-3
10.5.5 Amount of INVESIMENt..........ooiiiiiiieeeeee e, 10-4
10.6 Steps to Obtain Field Data .........cc.ooooioeiii e 10-4
10.7 Baseline StUdIes..........coooiiiiiii e 10-4
1071 SO USE ...t e e 10-4
10.7.2  Floraand FauNa ..o e, 10-5
10.7.3 Hydraulic and Coastal Regimes ..........cccoccoiviiiiiiiie i, 10-5

Final Report i



10.7.4 Population and Socio-economic Indicators...........c.cccccveeveiieeeviee e 10-5

10.7.5 Description of Sites of Unique Landscape...........cccceeeviieecinieciee s, 10-5
10.8 Identification, Analysis, Valuation and Hierarchy of Impacts....................... 10-6
10.8.1 Previous environmental situation...................coooiiiiii i, 10-6
10.8.2 Forecast of Direct, Indirect, Cumulative and synergetic impacts.............. 10-6
10.9 Summary of Potential Impacts ............cccccociiiiiiii e 10-6
10.10  Methodology for Impact ANalySes ...........ccccvvieiiiiiieee e 10-9
10.10.1  Representative Environmental Variables ..............c.ccccoceiviiiieil 10-9
10.10.2  Applicable NOMMS ... 10-9
10.11  Plan for Environmental Management ............cccoociiiiiriiniii s 10-9
10.12  Citizen Participation Plan ...........cccoooiiiiiiiiiiiie e 10-9
10.13  Costs of Environmental Studies ...........ccoooeiiiiiiiiii e 10-10
11 COSt ESHMALES ..o e 11-1
111 INtFOAUCHION. ... 11-1
11.2 ISland CoNSrUCHON. ........vieiiie e 11-2
11.3 Basic Island Infrastructure............occovviieooie e 11-5
11.4 Marine Related FacCilities ............cooooiiiiiiii e, 11-7
11.4.1  Container Terminal MOAUIE ............oooiiiiiee e, 11-7
11.5 Summary of Capital COStS.........ccueiiiiiiiiii e 11-7
11.6 Use of Designated Disposal Sites..........cccceiiviiiniiiniciii e 11-9
12 Financial INdiCAtOrs...........uoiiii i 12-1
12.1 Capital cost EValuation...............cccoiiiiiiicoiiiiiscsee e 12-1
12.1.1  dIsland Construction ... 12-1
12.2 Facilities Development ... 12-2
12.2.1  Container Terminals ........ccccei i 12-2
12.2.2 Container Terminal Construction costs at other Locations...................... 12-3
12.2.3 Value added and Distribution Facilities..............cccccoei i, 12-3
12.3 Potential INCOME SCENAMOS ......coeiieiiieieeie e 12-4
12.3.1  Container TermMiNaAlS ............o.ooiiiiiiieiiei e 12-4
12.3.2 Value Added installations ...............cooviviiiiiiiiii e, 12-4
13 Implementation Program ... 13-1
13.1 Key Project MileStones..........c.coviiiiiiiiii e 13-1
13.2 Special Study Requirements ............ooueeiiiiioiiicceeeeeee e 13-1
13.2.1  OFfSNOTE ..o e 13-2
13.2.2  ONShOre StUAIES ......oeiiieeee e, 13-3
13.2.3 Environmental Baseline Studies................coooviiiiiiie e 13-3
13.3 Technical & Design Studies, Permits ............ccccooviiiiiiiiiiicec e 13-3
13.4 Implementation Schedule..............c..ooiiiiiiiiiii e 13-5

Final Report iii



LIST OF TABLES

Table 4-1: Panama Container Terminals Capacity ..........ccccoevvveeviieeeiiiieccceie e 4-3
Table 6-1: Typical Dimensions of Existing and Future Container Vesseis...................... 6-2
Table 6-2: Space Allocation of @ Unit.............cccooiiiiiiiiiii e 6-3
Table 8-1: Borehole results - Alignments P1and P2 ............c.ccocoieiiiiiiiieic e, 8-2
Table 8-2: Correlation between Harza & MN quantity calculations..............cc...cococoeenne. 8-1
Table 8-3: Materials Characteristics and Quantities, P1 and P2 alternatives.................. 8-2
Table 8-4: Astronomical Tidal Datum Characteristics for Balboa................ccccoceevvieennen. 8-3
Table 8-5: Percentage of Wave Height per Direction..............cccoooveeeciiieciiceiee e 8-4
Table 8-6: Percentage of Wave Period per Wave Height................coovioviieeiin i, 8-4
Table 9-1: Estimated Transportation costs using Truck Haul..................ccccooeeeiinennee. 9-4
Table 9-2: Estimated Transportation Costs using Rail System ................ccccocovvvennnnnen. 9-6
Table 9-3: Estimated Transportation Costs using Conveyor System............................. 9-10
Table 9-4: Cost Summary for Alternative Materials Transportation Systems............... 9-11
Table 10-1: Preliminary Identification Of Environmental Impacts..............c.ccccoeeeee.... 10-7

Table 11-1: Estimated Unimproved Island Construction Cost — Locks Option P1-A..... 11-3

Table 11-2: Estimated Unimproved Island Construction Cost - Alt P1-B...................... 11-3
Table 11-3: Estimated Unimproved Island Construction Cost - Alt P2-A ...................... 11-4
Table 11-4: Estimated Unimproved Island Construction Cost - Alt P2-B ....................... 11-4
Table 11-5: Estimated Basic Infrastructure Costs - P1 Locks Option............c...cc.......... 11-6
Table 11-6: Estimated Basic Infrastructure Costs — P2 Locks Option........................... 11-6
Table 11-7: Preliminary Cost Estimate for 32 ha Container Terminal Module .............. 11-7
Table 11-8: Summary of Investment Costs — Lock Option - P1 ........c..ooooviiiiecee, 11-8
Table 11-9: Summary of Investment Costs — Lock Option - P2 ...........cooeeiiiiecnien 11-8
Table 11-10: Estimated Costs - Disposal to ACP SiteS..........cccoeovveeivveiiieeeeeeeee 11-10
Table 12-1: Summary of Island Investment COStS............ccoeiiiiiiiiiciieeeeee e, 12-1

Final Report iv



LIST OF FIGURES

Figure 4-1: Schematic - Hub Container COMPpIEX.........ccovivrriiiiiec e 4-1
Figure 4-2: Schematic - Pacific Area Commerce Center..............cccoevvveeeeveeecieeecee, 4-2
Figure 7-1: Recommended Location for Proposed Island..............c...ccooeeeeiiiiiccne, 7-3
Figure 8-1: Wave ROSE ........cccoiiiiii ettt 8-5
Figure 8-2: Percentage Occurrence of Waves from S and SW direction........................ 8-5
Figure 9-1: Recommended Route for Rail Line — Aerial View.............cc..ccooevvvvirieiiinnnne. 9-7
Figure 9-2: Proposed Route for Rail Line — Topography...........cccoeevviieciieeciieeee e, 9-8
Figure 9-3: Cross Section of Access CauSEBWaY ............cccoceeveerieniiieeiiiiieereeere e 9-13
Figure 9-4. Typical Cross Section of Access Trestle.........ccccvovovvieiveiiciiiieieeeeeeee 9-13
Figure 9-5: Typical Width Dimensions of a Straight Dredged Channel......................... 9-17
Figure 9-6: Typical Cross Section of Offshore Breakwater ................cccceeeeeeiieeiicnnnnnn. 9-21
Figure 9-7: General Plan of Island and Access Connections..............cccceeovueeeeeceeencn.. 9-23
Figure 9-8: Island Concept - Alternative P1-A...........ccoooiiiiiiiieeec e 9-24
Figure 9-9: Island Concept - Alternative P1-B..........ccccooiiiiiiiiiccccee e, 9-25
Figure 9-10: Island Concept - Alternative P2-A.............ccovveiieiieeceeecee e 9-26
Figure 9-11: Island Concept - Alternative P2-B............ccccco i 9-27
Figure 9-12: Port Complex - Alternative P1-A ..o 9-29
Figure 9-13: Port Complex — Alternative P2-A ...........c.coooviiiieieeeee e 9-30
Figure 11-1: ACP Designated Materials Disposal SiteS..........ccccccevvviiviieeciceiecren. 11-11
Figure 13-1: Preliminary Schedule — Island Construction (Option P1- A) ...........ccec...... 13-1

Final Report '



1 INTRODUCTION

The proposed Third Locks project and related expansion of the Panama Canal will
generate significant quantities of excavated and dredged material. This study examines
the commercial, technical and environmental issues related to the use of this material to
create a new island at the Pacific entrance to the Panama Canal. Estimates of the volume
of material vary from 55.0 to 85 million m3. It is expected that the excavation from the
Locks will be made in the dry, with a significant percentage of rock. The remainder is
expected to be silts and clays, typical of the formations in the area.

Up to 15.0 million m3 will be dredged to provide the access to the Locks. This material will
again be silts or clays, and will convert to a semi-slurry format, depending on the class of
dredge equipment used.

This preliminary report is presented in two volumes. This main volume includes the
technical evaluation and recommended configuration, characteristics and cost estimates
for the island. The second volume contains technical appendices used to support the
analyses.
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2 STUDY OBJECTIVES

The primary objective of this study is to examine the technical, environmental and capital
cost aspects of the construction of the artificial island using the excavated material from
the locks, at a pre-feasibility level of effort.

In order to provide a basis for the future studies that will examine of the financial viability of
the project in greater detail, costs are also compared with estimates prepared earlier for
the disposal of the excavated materials to Autoridad del Canal de Panama (ACP)
designated uplands sites.

This report represents a preliminary overview of the major project elements involved with
the construction of the island, and is intended to provide the information that ACP will
require in order to make a decision to proceed with a more detailed investigation. In the
event that the project is approved for further evaluation, it is recognized that multiple,
technical, financial, economic and environmental studies will be needed to expand on the
issues presented in this pre-feasibility study.
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3 SCOPE OF THE STUDY

As noted above, the primary objective of this study is to study the technical, environmental
and capital cost aspects of an island development at the Pacific entrance to the Canal.
Furthermore, the scope of work is limited to an evaluation of either:

e Container Terminal Facilities only

e A port Complex included Value added, distribution and other appropriate marine
related services.

It is recognized that the island project does not represent the only option for use of the
excavated materials from the Locks projects, and an internal ACP workshop was held in
November 2000 to discuss possible options for beneficial use of the materials. Following
the workshop, ACP staff recommended that the commercial potential for the Pacific Island
concept should be evaluated at a preliminary level, before considering other alternatives.

As a result, the scope of this study is limited to the construction of an island due west of
the Canal, located to effectively receive materials from the Locks excavation works, to
offer minimum conflict with other existing or potential uses and environmental impacts of
the shore side areas, and sited to avoid navigational or anchorage conflicts with existing
and future Panama Canal operations.
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4 COMMERCIAL DEVELOPMENT SCENARIOS

The Terms of Reference for this study require an examination of at least two scenarios for
commercial development of the reclamation project. Development options for the island
may include, but not necessarily be limited to:

A. Hub Container Terminal or terminals complex, as indicated in Figure 4-1
B. Pacific-Area Commerce. As shown in Figure 4-2, this would include:

e A container terminal or terminals

e Cargo Airport (not located on the island)

e Value-Added Distribution and Warehousing Center

e Manufacturing sites requiring close proximity to Port or Airport facilities
e Commercial services

e Regional access links, including highway, rail and sea-lane approach to Canal
Entrance.

Figure 4-1: Schematic - Hub Container Complex.

Sea
Access - Rail

Road

Support
Commercial
Services

e e TSRS W p— S ——

Value-Added
Distribution
Center

\\__.___________________\_i:___./
Artificial Island

Container
Port

Final Report 4-1




Figure 4-2: Schematic - Pacific Area Commerce Center
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4.1 Panama Container Terminal Capacity

Existing and expected future handling capacity of the existing container terminals on the
Pacific and Atlantic sides is shown in Table 4-1. It should be noted that expansion of
container capacity of the Atlantic side could take place at a number of locations, such as
Telfers Island, while mid-term expansion capability on the Pacific side is limited to Farfan
and possibly Rodman, with both projects being within the high traffic area of the Canal.
Conversion of both areas to container terminals also poses significant land use,

environmental and engineering challenges.

Consequently, it is reasonable to assume that the required capacity to meet future
demand can readily be installed on the Atlantic coast, whereas the current expansion of
the Panama Ports/HIT terminal in Balboa represents the most probable limit of capacity for

the Pacific Coast.
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5 DEMAND FOR CONTAINERIZED CARGO BASED VALUE
ADDED & DISTRIBUTION SERVICES

Asian exports of consumer product components and finished goods are increasingly
facilitated by the accomplishment of value-added activities in route. These activities
include:

* Logistic services;

* Bar Coding and Scanning;

* Sorting and Labeling;

= Preparation and Insertion of Marketing Materials;
= Repacking / “Pick & Pack”;

= Kitting;

= Packaging Design & Manufacture;
= Manipulation;

= Repair;

= Internet Fulfillment;

= Special “Piece” Manipulation; and
= Storage.

Already Panama’s Cristobal Free Zone fulfills some of these functions for Asian and
European exports to South America. While it is recognized that the traditional role of the
Free Zone has changed as the South American economies have opened, future activities
will focus on Value added aspects of Atlantic-side transshipment containers. A second
facility is required to handle the main volume of Asian exports to countries on the West
Coast of Central and South America, on the East Coast of Central and South America, to
Caribbean to be transshipped at Pacific-side container terminals.

Current experience of container based Value-added distribution in Panama can be used to
indicate potential demand. At this time 73% imports to the Atlantic terminals are directly
transshipped, 25% are drayed to the Cristobal Free Zone and 2% service local Panama
demand. In this case the 25% applies only to Asia exports to Latin America, which are off-
loaded from mainline ships prior to being transshipped or, once they have been processed
through the Value-added distribution facility, re-exported.
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It is likely that major international retail and wholesale distribution companies will take
advantage of an opportunity to store, inventory, manipulate and distribute to outlets in
South and Central America and the Caribbean. With interconnected marine terminals on
both oceans Panama provides them with an attractive location for economically servicing
markets on both the Atlantic and Pacific and also provides a single regional location from
which the final destination of the contents of containerized cargo can be determined with a
minimum of ensuing transportation time. This allows retailers to adjust deliveries as close
as possible to real time sales, thus minimizing shelf time and inventory costs.
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6 FACILITIES PLANNING

6.1 Container Terminals
6.1.1 Ship Size.

The completion of the Third Locks project will set a new Panama Canal standard for
container and other ships. It therefore is reasonable to design the first phase of container
facilities on the new island to that new size limit.

According to the Terms of Reference for the Third Locks Concept study, and preliminary
dimensional criteria from the Harza and other studies used as a basis for this evaluation,
the new locks will be designed to accommodate the following vessel dimensions:

Length —385.7 m

Beam -54.9m
Draft 15.2 m
DWT - 105,000.

Table 6-1, presents a range of typical dimensions for existing, in building and potential
future container ships. Using these parameters as general guidelines, the capacity of a
container vessel, falling within the new Locks dimensional limits, will be on the order of
10,500 teu.
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N

Table 6-1: Typical Dimensions of Existing and Future Container Vessels

Line vessels

1st generation 1,000 180 25 9
2nd generation 2,000 225 29 11.5
3rd generation 3,000 12 275 32 12.5
Panamax 70,000 4,000 13 294 32.6 12.5
Post-Panamax (1991) | 75,000 4,400 16 275 39.4 12.5
Super Post Panamax | 105,000 (6,250 — 7,500 18 315 44 13.5-145
Mega - Ship1 9,200 19 346 46 14.5
Mega - Ship2 152,000 12,500 21 400 54.2 14.5
Malacca-max 242,000 | 14 - 18,000 24 400 60 21
Feeder vessels 300 -1,200 75-130| 13-19 | 4.0-8.0
;?u':l; Locks Concepd 15000 | 10,500 21 3857 | 549 | 152

6.1.2 Berth Dimensions

Based on the parameters above, the container terminal should be designed to
accommodate a 386 m vessel, drawing 15.2 m fully loaded. Assuming a terminal module
designed to receive one 9,200 and one 10,500 teu mainline vessels at one time, this then
indicates a module berth length of approximately 850 m. This terminal would then be
adequate to handle two or possibly three existing Panamax vessels or a combination of
main line and feeder ships.

Draft at the berth would be 16.75 m, sufficient to accommodate the design vessel
indicated in section 6.1.1.

6.1.3 Terminal Throughput.

Throughput will depend on the lesser of berth transfer or yard capacity. For the purposes
of this evaluation, berth throughput can be assessed on a random arrival basis, using
average crane productivity standards as a benchmark value. |If it is assumed that a
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maximum of five cranes will be used to work one of the Post Panamax vessels’, with two
feeder ships being handled at the same time, a total of eight cranes would seem
reasonable for this class of transshipment module. Assuming a net productivity of 30 to
35 moves per hour, and an annual level of use of 2,500 hours, the target berth/crane
capacity of the terminal will be on the order of 650,000 lifts, or approximately 950,000
teus?, including empties.

Using the output from the M&N QuickTerm model shown in Appendix B, the container
transshipment module will require a yard area of 29.10 ha, plus the berth area of some
3.00 ha, for a total of 32 ha per unit.  Each terminal module will have a static holding
capacity of 30,159 teus, necessitating 18,106 ground slots.

6.2 Value Added and Distribution services

For the purposes of this analysis, value-added, warehouse criteria have been based upon
those used in Hong Kong, specifically from Sea-Land for its innovative facility there. In
this view, a warehouse is composed of units, i.e., the smallest unit that may be leased to a
single establishment. In terms on net spatial requirements, that is without truck access or
parking or exterior equipment passageways, they constitute a space of 1,845 m?
(equivalent to 19,859.4 sq. ft.). Table 6-2 gives the space/activity allocation accounted for
by each unit.

Table 6-2: Space Allocation of a Unit

Activity % Sq. Meters Req’d
Distribution 10 184.5
Manipulation 10 184.5
Warehousing 75 1,383.8
Office 5 92.3

Total 100 1,845.1

A single building is composed of twenty units, i.e., 36,900 sq. m. or 397,198 sq.ft. of net
leaseable area. Based on dwell time of 2 days for distribution and 8.5 days for
warehousing, a single unit can be expected to handle a throughput of 2,336.1 teus per
year. Based on the Sea-Land experience in Hong Kong, an average container throughput
for a 36,900 sq m building is expected to be on the order of 50,000 teus per year.

1 At the Port of Singapore, up to five cranes regularly work Post Panamax vessels at this time.

2 Assumes 40% of all containers are 40 ft units
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7 ISLAND LOCATION EVALUATION

7.1 Planning Criteria
7.1.1 Navigation Aspects

Controlling navigation criteria for the island location are:

* Location of Pacific and Explosives Cargo Anchorages west of Canal Entrance
e Presence of Taboga and Taboguilla Island

e Presence of various rock outcrops and islands in the area

¢ Volume of dredging required for access

e Proximity of island to Panama Canal Entrance

7.1.2 Land Use Compatibility (Howard AFB)

The Administracion Regional Interoceanica (ARI) is still studying the potential use for the
reverted Air Force Base at Howard. For the purposes of this study, it has been assumed
that the future use will be developed around the runway and airside facilities. On this
assumption, the island should be located outside the Obstacle Free Zone for the main
runway, and also ensure that container cranes and other high level equipment are located
outside the main aircraft approaches.

7.1.3 Land side Access

Materials transport options are discussed in more detail in Section 9.3. Clearly the access
routes during the construction period should avoid areas of commercial activity and
minimize conflicts with ecologically significant areas, existing highways or corridors and
short- term development areas.

In terms of island location, the shoreline departure point is the only consideration of
importance. Consequently, alternatives to the east and the west of the Howard AFB
runways were evaluated, and are presented later in this report.

Finally, the level of investment required to provide the landside connection to the island is
significant. Any connection that can then serve as a permanent multi-modal corridor
linking the island to the former US bases and Panama City areas will offer significant
economic advantages over the provision of a purely construction haul road.
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7.1.4 Geotechnical Considerations

No detailed information is available at this time on gedtechnical characteristics in the area
of the proposed island. Based on other work in the area®, it is expected that the island will
be constructed over soft silts from 0 to 5.00 m deep, with weathered and dense basalt
type formations located at varying depths below the seabed. There are also numerous
rock outcrops in the area. Deeper water seabed conditions are likely to be mainly sand
deposits, with rock at varying elevations.

It may be necessary to remove some or all of the silt materials in areas such as the
container terminals, where significant settlement cannot be tolerated. Other future
development zones can possibly be surcharged and allowed to settle over time, without
removal of the soft materials.

For the purposes if this study, it has been assumed that the sea bed and sub bottom
conditions are similar from the Canal Entrance to west of the Vacamonte Port, indicating
that there are no favored locations for the island from a purely geotechnical point of view.

7.1.5 Recommendation

The recommended location of the island is indicated in Figure 7-1. It is seen that it will be
located immediately due east of the flight path into HAFB, and west of the Explosives
Cargo anchorage area. Navigation access to the marine facilities will be via a new
channel, which would intersect the main Panama Canal approach some 2.00 km south of
the limits of the Explosives Anchorage area.

Access to the island is via a causeway-trestle combination. At this stage of the evaluation,
two open stretches are recommended along the causeway. As discussed in paragraph
9.3, later in this report, the shoreline section of the trestle will be an open piled structure,
designed to permit movement of littoral material along the shoreline and offering a
passage for marine life. At approximately the mid point of the causeway, and in sufficient
water depth to permit the passage of small fishing vessels, it is recommended that a
bridge be placed. This would also permit fish passage and permit small craft to navigate
along the coastline without having to cross the navigation channel into the new island.

It is emphasized that this configuration has been based on the consultant’s judgment, from
experience at other locations. It is clear that a full evaluation of the local hydraulic and
coastal regime would be needed to confirm these preliminary recommendations.

3 Vacamonte Fishing Port, Punta Paitilla Istands project
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8 CIVIL ENGINEERING EVALUATION

8.1 Introduction

This section evaluates the engineering characteristics of the island and also compares the
development costs with those that would arise from disposal of the excavated material to
the ACP designated disposal sites examined in the Harza study.

The difference between the cost of the island and disposal of the material to the ACP sites
then represents the opportunity cost of the commercial development of the island.
Alternatively, it can be considered as a “raw land” cost.

8.2 Characteristics of Excavated Material

Information used for this evaluation was provided by ACP, using reports prepared by
Harza together with the results of other in-house studies. For a listing of reference data,
the reader is referred to Appendix E of the Technical Appendices to this report.

Borehole data from the P1 and P2 alignments was used to cross check materials
quantities by characteristics. Table 8-1 indicates typical formations and classifications
based on the site information.
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8.3 Quantities

Materials quantities were taken from the Harza study, after being crosschecked against
terrain models based on ACP topographic and bathymetric information. There were a
number of areas where the computations might provide different results, such as
interpretation of side slopes and intersection of these slopes with the existing terrain.
However, as can be seen from Table 8-2, below, reasonable consistency of results was
obtained through this process. The Harza excavation quantities were therefore accepted
as a basis for concept development and the preliminary engineering work tasks.

Table 8-2: Correlation between Harza & MN quantity calculations

Channel Bi't'ti'::‘:l_ MN HARZA | Approximate
Alignment (m) (m”) (m?) % Difference
P1 10.36 62,239,000 69,350,000 10.8
p2 10.36 34,116,000 37,410,000 9.2
P1 9.90 65,796,000 69,572,000 5.6
P2 9.90 35,420,063 36,924,000 4.2
P1 8.08 67,328,000 72,750,000 7.7
P2 8.08 38,854,000 40,000,000 2.9
P1 7.16 69,414,000 74,150,000 6.6
P2 7.16 40,799,000 41,070,000 0.7

It is understood that the Harza computations were based on a tentative lock width of 160
ft, compared with the 200 ft now accepted. However, it was decided that a recalculation
of the quantities was not warranted at this level of evaluation. Based on the quantities
evaluation and the examination of the boreholes, Table 8-3 shows the characteristics and
quantities of materials that will be obtained from the excavation and dredging on the two
Lock alignments.
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Table 8-3: Materials Characteristics and Quantities, P1 and P2 alternatives

Volume (m3)
Overburden Rock
Phase Lo?k
Option Total
Wet Dry Wet Dry

1 P1 1,450,000 12,420,000 5,820,000 49,660,000 69,350,000

P2 | 2,050,000 5,430,000 8,200,000 21,730,000 37,410,000

Canal Deepening 2,400,000, 3,266,851 5,666,851
5 P1 960,000 - 3,840,000 - 4,800,000

P2 730,000 - 2,930,000 - 3,660,000

Canal Deepening 10,043,395 10,043,395
3 P1 680,000 - 2,720,000 - 3,400,000

P2 520,000 - 2,070,000 - 2,590,000

For this study, only the Phase 1 lock excavation and Canal deepening quantities have
been used to compute the initial island size. It is assumed that later excavation could be
used to increase island area, or taken to other disposal sites, depending upon the
economics of the transportation or land values at the time of undertaking the work.

It should be noted that the volumes indicated in Table 8-3 are in-place materials

quantities. For the transportation cost analyses and island size computations, bulkmg O(

factors of 25% and 30% are applied respectively to the volumes of@verBurden and rock to
account for increases after excavation and consolidation of materials within the island.
These coefficients would be revised with more detailed study, but are unlikely to increase
to more than 30% or be less than 20%.

8.4 Construction Schedule

Clearly the construction schedule for the istand must follow the excavation program for the
Locks and Canal deepening projects. For this study, the following milestone dates have
been assumed:

Locks Feasibility Studies complete by.............cccovviieviiiiiii e, end of 2003
Engineering and Contract Awards..............ccoceevercieieeieviece e, end of 2005
LOCKS CONSIIUCHON. ... 2005 to 2010
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8.5 Wave Protection
8.5.1 Coastal Design Conditions

Bathymetry

Hydrographic data were obtained from British Admiralty Charts 1401 and 1929. Vertical
data are referenced to Chart Datum, which is approximately the level of Mean Low Water
Springs (MLWS). Water depths within the proposed project area range from 0 to 13
meters at MLWS. Water depths in the island location range from 9 to 12 meters MLWS;
the breakwater would be located in water depths of 12 to 13 meters MLWS.

Tidal Levels

Tidal range as reported on the British Admiralty Charts is about 5 meters. Tidal datum
characteristics for Balboa, Panama at latitude 8°57° N and longitude 79° 34" W are
presented in Table 8-4.

Table 8-4: Astronomical Tidal Datum Characteristics for Balboa

Tidal Datum Height above Datum (m)
Mean High Water Springs (MHWS) 4.9
Mean High Water Neap (MHWN) 3.8
Mean Low Water Neap (MLWN) 1.1
Mean Low Water Springs (MLWS) -0.1

Wave Conditions

Offshore wave data used to evaluate wave conditions at the proposed sites were obtained
from the U.S. Navy (USN) Marine Climatic Atlas of the World (1979). The USN statistics
of height and period are for shipboard observations in deep water in the South Pacific
Ocean south of Punta Mariata. The nearest station is located southwest of the project
site, at about latitude 6° N and longitude 81° W. The data provide both directional and
period breakdowns of the wave height statistics; these original duration statistics were
adjusted to add up to 100 percent. Analysis of the data indicates that the majority of
waves originate from the southwest direction. The most common wave height and period
are reported to be 1.5 meters and < 6 seconds (Table 8-5 and Table 8-6).
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Table 8-5: Percentage of Wave Height per Direction

Percentage of Wave from Given Direction
Hs(m) Calm N NE E SE S SW w NW  Total

0.0 9.7% 9.7%
0.0-1.0 22% 24% 12% 1.0% 37% 57% 31% 1.4% 20.6%
1.0-2.0 41% 58% 23% 11% 132% 21.2% 6.5% 1.7% 55.8%
2.0-3.0 1.2% 1.4% 03% 01% 27% 47% 14% 02% 12.0%
3.0-4.0 01% 03% 0.0% 0.1% 04% 05% 0.1% 0.0% 1.5%
40-6.0 0.1% 0.0% 0.0% 0.0% 0.0% 0.1% 0.1% 0.0% 0.4%

Totals 9.7% 7.7% 9.9% 39% 23% 20.0% 32.3% 11.1% 3.3% 100.0%

Table 8-6: Percentage of Wave Period per Wave Height

Percentage of Wave Period (Seconds)

Hs (m) Calm <6 6-7 8-9 10-11 12-13 >13 Total
0.0 9.7% 9.7%
0.0-0.5 17.7%  2.7% 0.8% 0.9% 0.0% 0.0% 22.2%
1.0-15 27.8% 16.8% 5.7% 1.6% 1.7% 0.8% 54.3%
20-25 3.4% 4.4% 2.5% 1.0% 0.4% 0.4% 12.0%
3.0-3.5 0.4% 0.5% 0.3% 0.1% 0.1% 0.0% 1.5%
3.5-5.0 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 0.3%

Totals  9.7% 49.4% 245% 9.4% 3.6% 2.1% 1.3% 100.0%

Figure 8-1 presents a wave rose developed from the USN data that indicates the
percentage of waves from each direction. This clearly shows the predominance of the
1.50 meter wave from the southwest direction. Point Mala in southern Panama and Cape
San Lorenzo of Ecuador on the western shore of South America serve to create land
barriers that only allow waves approaching from a small “window” (from about 190 through
200 degrees) to directly reach the project site. Figure 8-2 shows the percent occurrence of
waves approaching the Bay of Panama from the south and southwest directions (from
about 157.5 through 247.5 degrees). An extreme wave analysis of the above wave
statistics was prepared and produced significant wave heights of 4.80 m and 5.00 m for
the 50 year and 100 year return periods respectively.
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As the project is primarily located in water depths of 12 to 13 meters, along with
consideration of the 5.00 meter tidal range, it is evident that ocean waves approaching
from the south and southwest will not be subject to breaking prior to reaching the project
site. To be conservative, it is assumed that all waves from the south and southwest
direction could reach the project site, and a design wave of 5.00 meters was used as a
basis for the preliminary design and preparation of the cost estimate for the wave
protection structures.
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9 DEVELOPMENT CONCEPTS

9.1 Introduction

The materials quantities and characteristics presented in the Harza report indicate that
69.35 million m3 and 37.41 million m3 of excavation will be required for the P1 and P2
alternatives respectively. Island development concepts for each materials volume are
developed to respond to the following alternatives:

Materials from P1 Lock Alignment
o Offshore Breakwater Option
¢ Revetment/Breakwater Option
Materials from P2 Lock Alignment
e Offshore Breakwater Option
¢ Revetment/Breakwater Option

The fundamental difference between the P1 and P2 alternatives is the volume of materials
to be incorporated, and its impact on the size of the island. The two sub options examine
the size, and cost of the island assuming construction with and without an offshore
breakwater to protect the main and future berth areas.

9.2 Construction Considerations

As can be seen from Table 8-1, a considerable portion of the excavated material will be
rock. While this should provide armor stone for the revetment and breakwater, it raises
issues related to building foundations, utility corridors, construction sequencing and long
term settlement.

Taking these considerations into account, the following construction sequence is
suggested:

1. Remove sufficient overburden materials to expose rock and also complete access
road or rail grading.

2. Place rock over full island area, bringing elevation to approximately +4.00 MLWS.
3. Construct rock retaining dikes and cells on placed rock fill

4. Select or crush rock to provide a filter layer between large material and upper
layers

5. Place overburden and non-rock material as a final layer.
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6. Place a layer of crushed stone over island to provide base material for
development.

In this way, the larger rock, with high void ratio will be placed in the lower layers of the
island and can also displace the silts, if geotechnical studies indicate that this is
acceptable. The upper layers of the island would be placed in the dry, with areas also
designed to receive dredged materials if necessary. However, it is unlikely that Channel
expansion material removed by cutter suction or trailer hopper dredge equipment could be
economically incorporated in the island construction.

9.3 Materials Transportation Alternatives

The original report prepared by Harza* in August 2000 provided cost estimates for the
removal and transportation of Locks material to a number of designated disposal sites
located within some 10 km of the work site. Due to the number of sites and proximity to
the excavation areas, the transportation cost computations were based on a trucked
operation, using large volume off road dump trucks.

Since the island is a single point of materials placement, and located some 20 km from the
excavation site, it was necessary to extend the transportation cost studies to other
methods of materials handling. Consequently, the following options are evaluated in this
report:

e Truck Haul
¢ Dedicated Rail line

e Conveyor system.

9.3.1 Methodology for Computation of Transportation Costs

Transportation cost models were constructed for each system indicated above. The
estimated costs include the following major work categories:

s Mobilization
e Construction of Haul roads, conveyor or rail system
e Maintenance of access corridors

e Equipment rental/operating and maintenance costs based on cycle times,
materials characteristics and volumes

* Evaluation of Lock Channel Alignments, Harza, August 2000
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o Contractor’s profit and overhead

At this stage, contingency allowances have not been applied to the alternative
transportation cost models, since they will be equally applicable to all options and the
intent of the exercise is the selection of the preferred transportation mode. They are
applied to the full estimates presented later in this repont.

The reader is reminded that the following estimates only include the cost of haulage
of the materials to the island location, in order that the preferred system can be
selected and the island designed to accommodate the recommended option. While
allowances are included for the civil works needed to support the transportation system,
the estimates do not include the cost of construction of the island or any of the
infrastructure needed for development. The complete construction cost estimates are
provided in Section 11 of this report

9.3.2 Truck Haul Option

Unit rates for truck haul and productivity indices were extracted from the Harza estimates,
which also included materials excavation, and input to a transportation cost model that
takes into account:

¢ Equipment Classification and capacity
e Haul distance

e Average speeds

e Load unload times

e Maintenance and down time

e Acceptable truck headway

e Materials Characteristics

Table 9-1 indicates the materials transportation component of the island construction,
using large 200 tonne dump trucks over a purpose built haul road. It should be noted that
this cost only applies to materials transportation, and includes the cost of construction and
maintenance of a dedicated haul road. Additional detail on the cost estimates is
presented in Appendix D1 of Volume 2 of this Report.

The transportation productivity models also indicate a time constraint for the truck
transportation option. According to the model output, it could take almost ten years to
build the island using the truck haul system, primarily caused by congestion at the
dumping sites if additional trucks are input to the system. While this could probably be
resolved once the island was under construction, productivity would be low during the
early phases of the work.
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Table 9-1: Estimated Transportation costs using Truck Haul

Costs Using Material Quantities from Channel Alignment P1

General

Mobilization and Demobilization 1 LS $2,500,000 $2,500,000
Truck Haulage

'Equipment Cost 87,381,000 m® $12.27 | $1,071,869,876
Haul Roads '
Construction and Maintenance 87,381,000 m® $0.05 $4,697,025
Total Haulage Cost ' B $1,079,067,701

Costs Using Material Quantities from Channel Alignment P2

General

Mobilization and Demobilization 1 LS $2,500,000 $2,500,000
Truck Haulage

Equipment Cost 47,136,500 m° $12.27 $578,205,617
Haul Roads

Construction and Maintenance 47,136,500 m° $0.10 $4,697,025
Total Haulage Cost $585,192,642

9.3.3 Rail Transportation System

A major portion of the original Canal excavation was moved by rail, and the use of rail for
this project offers some distinct advantages:

e The system is independent of the existing highway network

e Rail is normally more economical for high volumes being moved over extended
haul distances

* The existence of a rail connection to the existing Panama Canal Railroad system
would offer an effective interface between the Pacific and Atlantic coast
transshipment terminals

 Air pollution from a rail system should be less than that for truck haulage.

Three alternative routes were initially assessed for the rail access and presented to ACP
staff during technical work sessions and meetings with ARI held on October 24 and 25.
Based on these discussions, the route indicated in Figure 9-1 was selected.
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The selected alignment does conflict with a number of general development
recommendations provided by consultants to ARI for the future use of the Howard AFB.
However, it was agreed during the meetings that the location of the rail link within the
former base would enhance the attraction of the property to future developers. It was also
considered that none of the apparent land use conflicts represented fatal flaws in either
the island or HAFB development proposals.

The horizontal and vertical alignments shown optimize the cut and fill along the route and
a maximum grade of 1% is indicated. This is considered to be the optimum for balanced
locomotive power. Overburden material from the initial phases of the locks excavation
would also be used to build embankments for the rail line, where required.

Unlike the truck haul option, no studies have been undertaken for ACP on the costs of rail
transport of excavated materials for the Locks Project. The consultants therefore
constructed a transportation model to develop equipment requirements for the project, and
then developed a capital, operations and maintenance cost model to provide the unit rates
for the rail option. No residual value was allocated to locomotives and rolling stock,
although it was considered that the provision of rehabilitated or used locomotives would be
a more probable option than new purchases for the primary traction units. Based on these
analyses, Table 9-2 then indicates the estimated transportation cost using a rail based
transportation system. Additional detail on the cost estimates is presented in Appendix D3
of Volume 2 of this Report.
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Table 9-2: Estimated Transportation Costs using Rail System

Costs Using Material Quantities from Channel Alignment P1

|General
Mobilization and Demobilization 1 LS $2,500,000 $2,500,000
|Materials Haulage
New Railway on Formation 34.90 Km $813,600 $28,394,640
New Railway on Trestle 0.40 Km $413,700 $165,480
New Railway on Causeway/island 12.1 Km $415,500 $5,044,170
Railway Structures 1.0 LS $5,172,405 $5,172,405
Materials Transportation 87,831,000 m3 $2.48 $216,295,862
Total Haulage Cost $257,572,557

Costs Using Material Quantities from Channel Alignment P2

|General
Mobilization and Demobilization 1 LS |$2,500,000 $2,500,000 |
Materials Haulage
New Railway on Formation 34.90 Km $813,600 $28,394,640
New Railway on Trestle 0.40 Km $413,700 $165,480
New Railway on Causeway/island 11.2 Km $415,500 $4,632,825
Railway Structures 1.0 LS |[$5,172,405 $5,172,405
Materials Transportation’ 43,352,500 m3 $2.38 $103,511,280
Total Haulage Cost | $144,376,630

® Unit haul rates for each alternative will vary according to mean haul distance, equipment
allocations and cycle time. Average haul distance to Option P2 is 1.00 km less than for P1.
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9.3.4 Conveyor system

In practical terms, the use of conveyors for this project seems to be an unlikely option,
since almost 80% of the material to be transported will be rock, and much of this is likely to
exceed 0.5 m in diameter or side.

According to opinions expressed by various bulk handling specialists and equipment
manufacturers, rock of a greater diameter than 15 cm is likely to cause significant damage
or accelerated wear on the idler systems and belt transfer points. For this reason, it was
assumed that all material outside the acceptable parameters for a conveyor system would
be moved by truck.

The conveyor system would be a low level installation to facilitate maintenance and
access and generally follow the alignment selected for the rail line, shown in Figure 9-1,
above. Access to the conveyor would be from a service road, which would also be the
haul road for the truck transportation system.

As for the rail system, ACP did not have any study information on the costs of materials
handling by a conveyor system. The consultants therefore constructed a cost model using
industry prices for conveyor systems for heavy bulk materials, primarily drawing from
experience based on the planning and design of coal terminals. Table 9-3 indicates the
estimated transportation costs using a conveyor system, supplemented by truck haul for
the larger sized materials. For additional detail on the cost estimates used to produce the
summary cost table, the reader is referred to Appendix D2 of Volume 2 of this Report.
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Table 9-3: Estimated Transportation Costs using Conveyor System

Costs Using Material Quantities from Channel Alignment P1

General
Mobilization and Demobilization 1 LS $2,500,000 $2,500,000
Truck Haulage
Equipment and Haulage Roads 34,675,000 m° $10.77 $373,617,565
Conveyor Haulage
[Equipment Cost 50,206,000 | m3 $2.86 | $143,363,072
Total Haulage Cost $519,480,637

Costs Using Material Quantities from Channel Alignment P2

|General
Mobilization and Demobilization 1 LS [$2,500,000 $2,500,000
Truck Haulage
Equipment & Haulage Roads 18,706,250 m® $10.88 $203,584,535
Conveyor Haulage

[Equipment Cost 27,183,967 m3 4.54 $125,908,228
Total Haulage Cost $326,590,088

9-10
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9.3.5 Preferred Materials Transportation System

Table 9-4 shows the comparison of transportation costs for the three systems analyzed. It
should be noted that each system will lead to slight differences in the configuration of the
links to the island and the island size itself. However, these have not been taken into
account at this preliminary level of evaluation, since they do not impact the selection of the
preferred system.

Table 9-4: Cost Summary for Alternative Materials Transportation Systems

Alignment P1
Truck Haul $1,079,066,701
Rail Haul $257,572,557
Conveyor Haul $519,480,637
Alignment P2
Truck Haul N $585,192,642
Rail Haul $144,376,630
Conveyor Haul $326,590,088

As a practical matter, only the truck haul and rail systems are considered to be technical
viable alternatives, since there are considerable doubts as to whether the conveyor
system could handle the irregular rock size expected to be produced by this project.

However, from the evaluation of costs and productivity criteria to meet the construction
schedule, it is clear that a rail based system will offer the most economical transport
system to move the rock and other materials from the excavation sites to the island. It
also offers considerable residual value, which in turn will enhance the future commercial
viability of the island as container traffic is developed and interaction between terminals on
the two coasts is developed.

9.4 Access Recommendations
9.4.1 Landside

Access to the island will be via a causeway, constructed from the shoreline to support the
rail system recommended in the previous paragraph. An added benefit of the rail system
is that it can later serve as a connection to the existing Panama Canal Railroad if provision
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is made to cross the Locks®. Given that the causeway will interrupt the local littoral
regime, it is expected that an open trestle section will be required at the shoreline to
preserve the local sand beaches and the materials around the discharge of the river at the
eastern end of the Veracruz beach area.

A bridge will probably be needed at the approximate mid point of the causeway to permit
passage of small fishing and recreational vessels. The bridge should be located at a point
where water depth is on the order of 5.00 m, to avoid need for dredging or maintenance of
the channel. It should be also noted that the height of the bridge will necessitate a ramped
section for rail and highway access. Combining the need for water depth and an
economic and acceptable rail grade may necessitate a degree of design trade-off as the
project develops. From the information available, it would seem that a 2.00% grade on the
northbound ramp would provide a workable response to the design criteria for an empty or
lightly loaded train, with a 1.00% grade on the southbound of the ramp, where the
materials trains will be running with a full load.

If construction of the bridge was postponed until the end of the island project, the ramp
could be delayed and rail productivity improved.

Figure 9-3 shows a typical cross section of the proposed causeway. It includes provision
for a four- lane highway, rail access and service road, a utility corridor, pedestrian access
and separation areas.

Figure 9-4 shows a typical section of the open piled trestle section of the access. It is
approximately 40 m wide, and carries all of the features noted above for the causeway,
except for the landscaping elements.

® Provision for rail lines has been incorporated into the approaches and swing bridge at Miraflores
locks but the link has not been completed.

Final Report 9-12



[OWG INFO: P: \HORTON FILES\PANAMA\#594-02 — ARTIFICIAL ISLAND\60 — CADD\FIG 03-03.0WG; NOV 09 2001 — 10:2¢ AM; MMACPHERSON; XREF'S; #59402ZBORDER, (C) MOFFATT AND NICHOL ENGINEERS

5.0 VARIES 55.0 VARES 5.0 4.0m om 4.0m 8.0m

A —
EAST SIDE ENTRAL ROAD LIGHTING WEST SIDE SCALE: 1: 200
s | B-
2
IR
5 E
L. 05

ELEVATIONS REFERENCED TO MLWS 27,25, 60 3020, 40 g 2 83 ELEVATIONS REFERENCED 10 PLD mww 4 3
o | LANE | LANE |[[|[TCANE [ LANE [ g Sz3 .=

8 5o 28 =5 (B|%z||3 2|8 e

= =

g B2 38 23 |H[ZE||® K 3 [s4 3

% g€ &gl 55 |B(=2T|| g |5 g [s3]3 |2

0.5 TONNE UNDERLAYER STONE- o 2 E E 0.5 TONNE UNDERLAYER STONE & [E°)& |3

CREST ELEV +8.32 = F— CREST ELEV +6.00
- oo _ Iﬁ TN 2 St ers Pt N 05 5 TONNE ARMOR STONE 29 4
5 E T s 3 Se Ba
MHWS ELEV +5.00 e i CUSIED SO T MHWS ELEV +2.68 L] mm
N Zu 23 80
CONC. BARRIER— U %Y 62 EE
Zn £ yEas
ROAD PAVEMENT _ MM EEV 232 £o 82 mm
ﬁ oz Dw LM
E»xx:aznonmlv m s
4 8
a

SAAVANY

ag
kg

N CN GG SN N

XISTING SURFACE VARIES

ACP

l

FIG 9-3: CROSS SECTION OF ACCESS CAUSEWAY

TRAL ROAD LIGHTING

(%}
o
5 Z8
g2 < I
>S >
5 W
Bd 22
(9]
(%]
gs 28
a3 &
85 2°
5
ELEVATIONS REFERENCED T0 MLWS 35 .30 Q6 ELEVATIONS REFERENCED T0 PLD i 24
P g oF
| 73] | = F g
L
7l
CREST ELEV +8.32 fers CREST ELEV +6.00
T
NHWS ELEV +5.00 I NHWS ELEV 4268
PRECAST PANELS— _ L_cip ToPPING SLAB
MLV ELEV 0.00 _ MLWS ELEV -2.32
PILES (TYP) _
Nzt
7L /MN/\,\//Y\\Wn,\ﬂ/4 ................... _ .
S {1 e | e |1 I | I _ R FANTARS e -

FIG 9-4: CROSS SECTION OF ACCESS TRESTLE




9.5 Navigation Access

9.5.1 Operational Criteria

In order to offer a high level of service to port users, the following navigation and channel
operational criteria are considered essential to the efficient management of port traffic:

e Two way vessel traffic capability
¢ Unrestricted, 24 hour transit for all but the largest cargo vessels

e State of the art vessel traffic control system.

Along with the above, the following criteria were also assumed for the preliminary sizing of
the navigation channel:

e Tug assistance will be provided for all vessel berthing operations

+ Pilotage will be required for all vessels

9.5.2 Design Standards

The approach taken for the navigation channel analyses is based on a synthesis of the
following publications:

e Permanent International Association of Navigation Congresses (PIANC), International
Commission for the Reception of Large Ships (ICORELS), “Optimal Layout and
Dimensions for the Adjustment to Large Ships of Maritime Fairways,” Report of
Working Group IV, 1980.

¢ National Ports Council (NPC), “Port Approach Design- A Survey of Ship Behaviour
Studies,” London, U.K, 1975.

e US Army Corps of Engineers, “Hydraulic Design of Deep-Draft Navigation Projects, *
EM 1110-2-1613, 1983.

e TERMPOL - Canadian Coast Guard (1977)

e US Navy, Naval Facilities Engineering Command, Design Manual DM-26.1 “Harbors,”
1981.

Other pertinent publications are referenced in subsequent paragraphs where appropriate,
however, the above references provide the basis for channel depth, channel width, and
turning basin requirements.
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9.5.3 Channel Depth Requirements

Channel depth requirements are taken from the above referenced U.S. Army Corps of
Engineers document. The required channel depth relative to a referenced water level
must be based on:

e Loaded vessel draft including trim
e Squat

¢ Wave induced motions

o Safety Clearance

e Dredging Tolerance

¢ Advanced Maintenance Dredging

For the purposes of this study, all dredging depths and drafts are referred to Mean Lower
Water Spring tidal elevations (MLWS) which is equivalent to 2.32 m below Precise Level
Datum (PLD) as defined in the Panama Canal Clearance Diagram.’

Loaded Draft

For the purposes of this report, a fully loaded draft of 15.20 m, as noted in section 6.1.1,
has been used for preliminary planning purposes.

Squat

The position of a vessel’s keel relative to the channel bottom will lower as the vessel
speed increases. This phenomenon results when increased water velocities flowing past a
moving ship hull produce a localized lowering of the water surface. In general, squat is a
function of the vessel speed, under-keel clearance, channel width, channel depth and
vessel dimensions.

Wave-Induced Motions

Wave hindcast analyses will be needed to determine the effect of wave-induced motions
on the main navigation channel. ~ Given the protection of the channel by Taboga and
Taboguilla islands, wave induced motion is unlikely to exceed 1.0 m.

Safety Clearance

For a channel bed consisting of sand or silts, as expected at the project locations, a slight
touch between vessel and bed is acceptable. For this study, a safety clearance of 0.6 m
has been adopted.

" Panama Canal Clearance Diagram, Drawing Ref 6120-30C, Panama Canal Authority July 1999
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Once again, a more detailed subsurface investigation program is necessary to determine
the extents of the rock layer(s) and potential hard spots within the channel area.

Dredging Tolerance

An additional tolerance depth of 0.5 m has been allowed (beyond the design dredge
depth) as a dredging pay item. There are inherent difficulties in dredging a uniform and
highly accurate depth and the assumed tolerance is a widely accepted standard.

Advanced Maintenance Dredging (AMD)

In areas prone to siltation, an additional depth can be added to the channel in order to
allow for storage of accumulated sediment between maintenance dredging events. This
approach prevents the premature loss of project depth and increases the length of time
between dredging events.

Given the apparent stability of the bottom contours in the area and in the absence of any
supporting data to the contrary, it is suggested that an allowance for AMD is not required
at this stage.

9.5.4 Channel Width

The minimum width of a straight channel depends on the size and maneuverability of the
vessel navigating the channel, the type of channel bank, the effect of other vessels in the
channel and the effects of wind and currents. The width required takes into account space
for a maneuvering lane, ship clearance and bank clearance.
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Figure 9-5: Typical Width Dimensions of a Straight Dredged Channel

CHANNEL WIDTH ;
i
BANK SHP BANK |
CLEARANCE | MANEUVERING | CLEARANCE MANEUVERING | CLEARANCE |
088 | 28 T osB 2B Y
j BEAM (B) BEAM®B) _ |
| | -
-/ N ! . 7/
MO AOASOANY
SRR
%
A\ ‘\\</ 4

The Maneuvering Lane

The maneuvering lane must allow for the oscillating track of a maneuvering vessel.
Generally, the width of the maneuvering lane will vary from 1.6 to 2.0 times the beam of
the vessel depending on its controllability.

The Ship Clearance Lane

In a multiple lane channel, ship clearance lanes are normally taken as 80 percent of the
design vessel beam.

Bank Clearance

A bank clearance width of 80% of the vessel beam is added to both sides of a channel.

9.5.5 Recommendations

Navigation access to the island is routed south of the existing Pacific and Explosives
anchorages and north of Taboga Island. If it is assumed that passage of two mainline
Post Panamax vessels is required, the channel would be 300 to 330 m wide to meet the
various design standards.

However, there are a number of vessel passing or navigation options that would reduce
channel width and still provide a high level of service. As a port designed to handle both
main line and feeder ships, it is suggested that one way traffic would be appropriate for
mainline vessels, with two way traffic for ships below a given size limitation. Under these
conditions, the channel width could be reduced to approximately 225 m.
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It is therefore suggested that the initial channel width should be set at 225 m, with
potential for expansion later as traffic and financial resources permit. The initial depth is
set at 16.75 m to accommodate a loaded vessel draft of 15.20 m, as indicated in the
preliminary design parameters for the Third Locks project.

A 600 m turning basin is provided at the entrance to the container berths on the east face
of the island. This is adequate to handle the largest general cargo vessels expected to
use the new Locks and port facilities.

Future expansion could include widening and deepening of the canal to accommodate
VLCC or ULCC vessels in the event that oil or bunker fuel consolidation/distribution
facilities were developed on the island.

Given the existence of a number of small islands and rock outcrops in the area of the
proposed channel, a substantial proportion of the dredging may be rock. During the
capital dredging work for the Vacamonte port, some 10 km west of the proposed island, a
dense andesite/basalt layer was encountered at depths of approximately 7.00 to 10.00 m
below MLWS. This hard layer was overlain by approximately 2.00 m of highly weathered
to partially weathered rock, with very soft silts above this layer.

For the purpose of preliminary cost estimating, it has been assumed that 5.0%of the
dredging will be in dense rock and 15% would be in weathered hard material. It is
emphasized that these allowances are not supported by any site investigation data, and
simply reflects the experience of the consultant in Panama and other similar areas.
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9.6 Wave Protection
9.6.1 Protection Requirements

Although the wave climate in the area of the island is typically mild, long period waves are
frequently generated by storms in the Pacific, and can cause considerable movement of a
vessel at an unprotected berth. Similarly, container transfer operations are vulnerable to
vessel movement, particularly from long period swells which cause “ ranging” of the ship at
the berth face. Liquid and dry bulk operations are less impacted by wave action, and
would not necessarily require protection at the project location. \

9.6.2 Breakwater Alternatives

Given the need to offer maximum flexibility for future development, and taking into account
the large volume of rock that will be derived from the Locks excavation, two breakwater
configurations are suggested.

The offshore breakwater concept would give full protection to berths on the east, south
and west face of the island, enabling container operations to be extended to all three
areas. It is located some 500 m from the south face of the island, to facilitate access by
large container ships, oil tankers and bulk vessels at some time in the future.

In the event that the cost of the offshore breakwater adversely impacts the financial
viability of the project, adequate protection to the east face of the berths could be provided
by the construction of a “stub” breakwater some 1,000 m in length, extending from the
south east corner of the island. However, there is some doubt as to the degree of extent
of wave motion that vessels would experience at berths located on the south face of the
island. Based on experience at other locations subject to long period waves from the
Pacific, it would seem likely that unprotected berths on the south face would not be
operationally acceptable for container ships, but might work for bulk carriers.

9.6.3 Preliminary Design Basis

Figure 9-6 indicates a typical cross section of the offshore berm breakwater concept. The
graded armor layer is placed on a slope of 1:1.25, and the breakwater has a crest
elevation of approximately 11.25 m above MLWS. Armor to the causeway section of the
access would consist of 5.00 tonne placed stone. In the event that the shorter breakwater
option is selected, protection and section configuration will be as for the offshore structure.

Given the intention to use as much material as possible from the locks excavation, and
based on the output from local quarries, it would seem reasonable to expect that armor
stone up to 10 tonnes will be available, with occasional pieces of 15 tonnes.
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A 5.0 meter, 11 second wave was used as the design wave condition to size the armor
stone. Several breakwater types can be considered for this project, with the final selection
heavily dependent on the type and size of rock that could be removed economically from
the Locks excavation site.

At this level of evaluation, a berm breakwater is suggested, since it can largely be
constructed by dumping graded rock material without a significant amount of rock sorting
or re-handling. These structures exhibit a high level of stability in relatively high wave
conditions and are also flexible where settlement is likely to occur. Computations were
made using recent PIANC guidance for design of berm breakwaters, which indicates that
a 3.5 m berm width would be appropriate. This was computed for an armor rock having
W14, W5 Wes and percentage exceedance values of 3, 10 and 14 tonnes respectively.

The berm breakwater is designed to match the characteristics of the available rock. Under
this assumption, all stone larger than 3.00 tonnes would be used as armor material,
whereas all smaller rock would be used in the breakwater core.

The primary armor stone size fits within the design parameters for wave protection at the
island and would enable the breakwater or island revetment to be built with an outer slope
of 1V to 2H.
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9.7 Development Concepts

Figure 9-7 shows a general concept for the island, causeway connection, approach
channel and land links, based on the recommended rail access system. Figure 9-8 to
Figure 9-11 show a series of concepts, based on the volume of materials derived from the
P1 and P2 Lock alignment alternatives and the navigation and wave protection
considerations discussed earlier. Sub-options are also indicated for each island
alternative, whereby the offshore breakwater is eliminated in order to reduce costs.
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9.8 Land use Plan
9.8.1 Marine Terminals

A preliminary land use plan is presented in the following figures for the two Lock
alternatives. It can be seen that the main focus of the development is container terminals,
with the intention to provide at least three container modules for each island alternative.

Future development of marine facilities would depend very much on demand at the time,
but could include a fourth container terminal for the larger island (P1), bunkering or bulk
materials transfer facilities. However, it should be noted that any future development or
terminals on the island to accommodate vessels having greater draft than the future
Panama Canal will require significant dredging and may not be financially viable.

9.8.2 Value added and Distribution Facilities

The concept plan indicates that the main distribution facilities will be located close to or
even within the container terminal area. This reflects the recent trend to consolidation of
distribution activities at the point of arrival of the cargo. This is particularly the case for US
terminals such as those at the Port of Savannah, and may or may not be applicable to
Panama. It should also be noted that heavy demand for waterfront dependent activities
on the island could trigger the displacement of Trade related but non water dependent
uses to the Howard area, to the possible benefit of both developments.

9.8.3 Commercial and Support services

The economic, trade and commercial activity on the island will generate a need for
banking, services and support facilities. At this preliminary stage, it is sufficient to
acknowledge this need, but it is too early to discuss specifics.

9.8.4 Public Access Areas

As a major new development, the island will almost certainly attract public attention. It will
also be the base for a significant number of employees, who will require access to open
spaces, exercise areas and other public facilities. The popularity of the Amador causeway
is an indication of what might happen in terms of public access and this project offers a
special opportunity to offer a pleasant environment for island workers and visitors.

Public access areas might include parks, public concert sites, recreational areas, a fishing
pier, sports fields, cycle paths, exercise areas and viewing areas. These again can be
incorporated at a later date, but should be given a high priority during the planning phases.
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10 ENVIRONMENTAL ISSUES

10.1 Objective of the Evaluation

The objectives of the environmental assessment are:

Define the environmental baseline, describing in advance the initial characteristics of the
area directly influenced by the project. This should include physical, biotic and
socioeconomic components.

Identify and evaluate the environmental impacts, negative and positive, in the area
directly and indirectly influenced by the project’s construction and operation, in terms of
the different baseline elements. These impacts should qualify as significant or
insignificant, permanent or temporary, repairable or non-repairable and reversible or
irreversible. Similarly, it should be determined if accumulative impacts will occur and the
alternative of not going through with the construction of the project should be evaluated.

Identify potential interest groups, agencies or stakeholders to be included in the public
awareness and participation initiatives.

Develop an Environmental Management and Action Plan (PAMA) that will involve a
series of specific programs aimed to guarantee the security of people working on the
project and the quality of the environment.

Recommend a specific Monitoring Plan for resources that are subject to environmental
risk and/or present some form of health risk. This Monitoring Plan should include stages
of construction, occupancy and operation.

10.2 Basis for Analysis

The area influenced by the project varies according to resources that will be impacted.
For the most part, impacts will be local. Some impacts will be felt along the coastline.

The most important impacts fall within the following general categories:

e Air Quality and Noise

e Geology and Geotechnical Properties

o  Water Quality

e Biological Environment

e Socioeconomic and Cultural Environment
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10.3 Legal Framework

It is necessary in all environmental assessments to take into account the legal framework.
At the very least, in developing the project one must consider the laws, decrees and norms
that are applied to development projects in agreement with the environmental legislation of
the Republic of Panama.

Furthermore, direct communication should be established with all responsible entities such
as the Ministry of Public Works, the Autoridad Nacional de Ambiente (ANAM), the
Autoridad de la Regién Interoceanica (ARI), the Ministry of Health and the Autoridad
Maritima de Panama (AMP).

10.4 Scope of Required Environmental Studies

In order to determine the studies that should be developed in later phases, a clear objective
must be defined. The following issues should be considered in developing a more detailed
environmental assessment, taking into account the objectives and needs of ANAM.

10.4.1 Categorization

Considering the type and magnitude of this project, with certainty it should be classified in
Category lll, which involves, among other aspects, an intense process of public consultation
that includes a town meeting regarding the project.

10.4.2 Framework

The project can be presented to the permitting agencies and interested parties in one or two
ways:

¢ The placement of excavated material to support the Third Locks project.

e A new development with a specific commercial or defined purpose.

10.4.3 Area Influenced by the Project

Depending upon the framework of the project, the area of indirect influence should be
determined. It is possible that impacts could be limited to the area impacted by
hydrodynamic effects; however, impacts could be felt on a global scale. This highlights the
importance of clearly outlining an approach and the magnitude of the studies to be
achieved.
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10.5 Critical Factors for consideration

The following factors will be considered during the permitting and environmental evaluation
process. The key issues are summarized in Table 10-1.

10.5.1 Background and Identification of the Sponsor

Legal matters of interference and jurisdiction determined during the process of identification
should be resolved. Initially, the ACP and AMP should be principal actors. ARl and ANAM
should also be participants.

10.5.2 Site Selection & Construction

The impacts caused by access to the island support a coastal placement of the surplus
material; the option of having the deepest access for ships would justify an offshore
location. Other factors include:

¢ Identification of works to make up the project

e Lifespan and Description of Stages

10.5.3 Evaluation of Long Term Activities

The environmental review should cover the potential land use of the island, in order to
eliminate dirty industries or conflicts with surrounding areas. Part of the Final report
should address the classifications of activities that will be permitted on the island to ensure
compliance with long-term air quality and water quality goals and other factors discussed
in this report. This evaluation will include solid and waste water treatment issues, air
emissions, noise pollution and long term shoreline or water quality issues.

10.5.4 Types of Inputs and Generation of Waste

The basic input is made up of an estimated 70 million cubic meters of surplus material from
the excavation process at the third group of canal locks. The transport and disposal of this
material are key aspects in the environmental assessment and should be carefully
evaluated once the detailed construction processes are known. Generation of waste will be
associated with the operation. |If the prospect of a container management terminal is
developed, it would be considered, among the port alternatives, as the “cleanest” and most
compatible with other types of developments (for example, tourism). Nevertheless, the
waste generated for such an activity, enhanced by the magnitude of the service to be
developed, will be considerable and the process of disposing of this material should be
carefully analyzed.
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10.5.5 Amount of Investment

The amount of investment into the project will presumably be in the billions of dollars if it is
calculated up to the operational phase. The magnitude of the project will equally generate a
demand for many types of studies, including environmental, of grand scope and reach. The
process of finding answers to some of the basic questions could delay the process
considerably.

10.6 Steps to Obtain Field Data

The collection of field data will make oceanographic and land studies necessary. A course
of action that should be anticipated includes various biological collections, water and soil
sampling and examination, finding hydrometric information, geotechnical testing,
bathometric drilling and topographical surveys, aerial photography and interpretation, as well
as finding diverse biological and physical information. From a social point of view, the
communities affected by sector (fisherman, operators and various beneficiaries of the
tourism industry, beachfront proprietors, ship operators, etc.) should be interviewed.
Likewise, all of the instances of citizen participation identified in the bylaw of ANAM and
those that emerge from a more detailed analysis of the impacts should be outlined early on.

The act of “creating” new lands in the sea does not have a strong history in Panama. In that
sense, the Punta Pacifica Islands Project should be considered as a guide. Nevertheless,
the legal context could result very differently as Pacific Point is a private development.
Legal and administrative aspects should be analyzed in detail and conclusions should form
part of the Environmental Impact Assessment in a clear and concise manner.

10.7 Baseline Studies
10.7.1 Soil Use

Applies to land areas and the marine environment that will be impacted by the construction
works. In the first case, existing information should be collected in the areas of extraction,
transport and disposal (temporary and definite) of the material. It is necessary to define the
project layout to refine the scope of this task. The scope should include the natural
environment (vegetative covering, productive uses) as well as the urban environment
(zoning, infrastructure, services). In this sense, information obtained from ARI will be
essential.
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10.7.2 Flora and Fauna

Given the importance of the project, field studies should be brought forward to fill or
complement the base information. The studies conducted by the US military before transfer
and the more recent ARI studies may be of value in this respect.

10.7.3 Hydraulic and Coastal Regimes

In addition to section 5.9, the mathematic modeling of the hydrodynamic standard is
considered essential in simulating the existing situation as well as the hydraulic dynamic and
contamination. The existing models developed by Dames & Moore and Delft Hydraulics
offer an excellent background that contemplates the global hydraulic dynamic (ANAM,
1999). Likewise, there exists a history of studies completed by the CESOC Consortium
(MEF, 2000) for the sanitation study in the Bay. Border and specific site conditions should
be noted in the general model of the bay.

10.7.4 Population and Socio-economic Indicators

This is a key aspect of the baseline studies. ACP’s recent experience in the western region
of the canal’'s watershed can serve as a basis for the environmental characterization
studies.

The community involvement in all aspects of the process and their participation from the
onset are basic safeguards for the project to be socially viable. Later on, the instances of
public participation envisioned by ANAM for these types of projects will be described. Of
particular concern will be the popularity of Veracruz and Kobe beaches as local recreational
destinations and potential resort development projects in the Kobe beach area.

10.7.5 Description of Sites of Unique Landscape

If the off-shore solution is chosen, the island, its lighting and, fundamentally, its accesses
will consist of new unique landscapes. The landscape of the area, with existing islands and
specifically the island of Taboga represent the same visual impact. It should be taken into
consideration that the island, with 300 hectares of envisioned surface area, is approximately
half the size of Taboga. The access could cause a negative distortion to the landscape;
thus, this should be taken into consideration during the design phase. The causeway and
the Southern Corridor give valid precedence. Consulting with the public, the beachfront
proprietors at Veracruz and the potential developers of a Kobe Beach resort and hotel, will
serve as a basis for the preliminary impact assessment.
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10.8 Identification, Analysis, Valuation and Hierarchy of Impacts

This is a traditional aspect of the Environmental Impact Assessment, for which there exists
sufficient experience on the part of ANAM. This process requires multidisciplinary
interaction for the EIA, of which it is recommended that only one firm develop.

10.8.1 Previous environmental situation

This will emerge from the baseline and identify the most important intersections between
action and elements impacted.

10.8.2 Forecast of Direct, Indirect, Cumulative and synergetic
impacts

Relationships between actions and affected elements should be established for the
construction and operations stages.

10.9 Summary of Potential Impacts

Based on the discussions held in Panama in early August, and experience of the consultant
in Panama and at other locations, the expected issues or impacts that may arise from this
project are summarized in Table 10-1 below.
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10.10 Methodology for Impact Analyses

Among the diverse possibilities, ANAM has recommended using the Vicente Conesa
Fernandez - Vitora methodology, in which impacts are qualified in order to assign
importance according to character, degree of distress, risk of occurrence, extension,
duration, reversibility,

10.10.1 Representative Environmental Variables

Will be decided, following classic methodology, utilizing the Leopold Matrix.

10.10.2  Applicable Norms

Water quality, zoning, protected areas, among others to be determined as a function of the
analysis.

10.11 Plan for Environmental Management

The elaboration of an Environmental Management Plan is a basic requirement for this
project. From this Plan, studies would be developed from the elements contributed by
Citizen Participation. This would involve a dynamic process of evaluating impacts and
elaborating the methods of mitigation, making use of the suggestions from the community
with technical and economic validity. It is important that the costs for this process be
established early in the environmental evaluation process. In addition to the Mitigation Plan,
a Monitoring and Control Program, a plan to prevent risk of accidents, a contingency plan
and a Citizen Participation Plan must also be included:

10.12 Citizen Participation Plan

This is one of the most critical aspects of the permitting and environmental process. Early
attention should be given to the key element of current events. Mechanisms of inducement
should be developed early on in the project to encourage participation from the community
level (bottom-up approach). For this process, all forms of participation should be defined
and developed (surveys, interviews, workshops, work meetings). Furthermore, informative
mechanisms should be developed for the individual sectors as well as mechanisms for
potential conflict resolution.

The Citizen Participation Plan should include mechanisms for the public to request
information, in particular from environmental and similar groups.
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Other aspects of citizen participation include Formal and Open Consulting and the Public
Forum, for which consultants and authorities should prepare appropriately.

10.13 Costs of Environmental Studies

On the basis of experience at other locations, it is estimated that basic and formal studies
will demand at a minimum $2 million, excluding field studies. The process of citizen
participation, depending upon difficulties that could arise, could require $500,000; however
this figure is even more uncertain. Finally, it is almost impossible in this stage to estimate
the costs associated with mitigating impacts and execution of the Environmental
Management Plan. For other projects of a similar nature, these costs will vary between 1.0
and 3.5% of the development cost.
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11 COST ESTIMATES

11.1  Introduction

This section presents the estimated cost of construction of the island, its infrastructure and
the port facilities to be located on the island. Cost estimates are also presented for
disposal of the material to a number of ACP designated sites located within some 10 km of
the Locks construction area.

In Section 9.3.5, the rail transportation system was recommended on the basis of cost and
future residual value to the development. All of the following estimates therefore assume
that materials will be moved to the island by rail.

For ease of allocation of costs, the estimates are broken into the following categories
1. Island construction using the preferred rail transportation system, including:

e Cost of provision of rail system from Locks site to island and associated
civil works

e Materials transportation and placement

e Construction of breakwater and island wave protection

e |Island fill

e Trestle and bridge within the causeway

2. Basic Infrastructure, including:

e Roadway on causeway and connection from shore
e Primary internal roadways within the island

e Extension of rail loop within island

e Power, water and other utilities

e Parks and green areas

e |llumination and public access areas

e Main navigation channel to island

e Dredging at berths and maneuvering areas

3. Container Terminal Module, including:

e 850 m Berths
e Paving
e Utilities within terminal area
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e Buildings
e Gantry cranes to service terminal at full capacity
e Fencing and security

Cost estimates are not provided for Value added installations, since it is assumed that
land parcels will be leased or sold, with the lessee being responsible for construction of its
own buildings and site improvements.

The estimates include an allowance for engineering studies, preparation of contract
documents and construction administration. This is expressed as a simple percentage at
this time. For more information on the engineering, field investigations and design studies
required to support the project, the reader is referred to Section 13.2 of this report. A
contingency allowance of 20% has also been added to all estimates to accommodate
potential cost or construction quantity variations due to limited availability of site
information at this time.

11.2 Island Construction

Construction cost estimates for the unimproved island are presented in Table 11-1 to
Table 11-4 for the following concepts. All assume a rail transportation system, as
recommended earlier in Section 9.3.5.

o P1 - Alternative
A. Offshore Breakwater Option
B. Revetment/Breakwater

e P2 - Alternative
A. Offshore Breakwater Option
B. Revetment/Breakwater
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Table 11-1: Estimated Unimproved Island Construction Cost — Locks Option P1-A

Item Quantity Units Unit Cost Total
Construction Costs Using Material Quantities from Channel Alignment P1
Alternative P1-A, Full-length Breakwater
General
Mobilization and Demobilization 1 LS $2,500,000.00] $2,500,000
Material Haulage N | EESIN -
New Railway on Formation 34.9 km $813,600.00 e $28,394,640
New Railway on Trestle 0.4 km ~ $41370000  $165,480]
New Railway on Causeway/Island 121 | km $41550000] ~  $5,044,170
Railway Structures N 10] LS | $5,172,405.06 _ $5,172,405)
Material Transportation | ersslo00| m’ $248] $216,295,862
Island Construction R R
Trestle 8,020 m? $1,350.00 $10,827,000
Causeway - - . ' 6,214,942 m’ $8.34 $51,842,020
Causeway Bridge 2,005 m’ $1,500.00 $3,007,500)
Island Fill ] - 75,122,158 | m’ $0.39 $29,633,300)
Island Revetment Construction 960,900 m $15.00 $14,413,499
Offshore Breakwater 5,083,000 m’ $12.96 $65,858,000
Rock Crushing/Sorting Plant 1 LS $1,000,000.00 $1,000,000|
Total Cost - Island Construction $434,153,876
Engineering and Construction Administration | _ 4.00% $17,366,155
... Contingencies 20.00% $90,304,006

Grand Total Cost $§541,824,037

Cost per sq. metre for Island Construction $155

Table 11-2: Estimated Unimproved Island Construction Cost - Alt P1-B

Item Quantity Units Unit Cost Total
Construction Costs Using Material Quantities from Channel Alignment P1
Alternative P1-B, Short Breakwater
General
Mobilization and Demobilization 1 LS $2,500,000 $2,500,000
Material Haulage B .- ot At ctT | [ ap— i
New Railway on Formation 34.9 km $813,600 $28,394,640
New Railway on Trestle 0.4 km $413,700 $165,480
_New Railway on Causeway/Island = o 121 km |  $415500 _$5,044,170
_Railway Structures 1 10 LS $5,172,405( $5,172,405
Material Transportation 87,381,000 m® $2.48 $216,682,203
Island Construction
Trestle 8,020 m? $1,350.00 $10,827,000,
_ Causeway | e2t4942| m $8.34 $51,842,020)
Causeway Bridge S " 2,005 m? ~ $1,500.00 $3,007,500
Island Fill 78,844,708 m® $0.38 $29,580,787,
Island Revetment Construction 960,900 m* $15.00 $14,413,499
~ Offshore Breakwater 1,360,450 m° $12.96| $17,626,700
~Rock Crushing/Sorting Plant 1] LS $1,000,000 $1,000,000]
Sub Total - Island Construction $386,256,404
Engineering and Construction Administration 4.00% $15,450,256
Contingencies 20.00% $80,341,332

Grand Total Cost $482,047,992

Cost per sq. metre for Island Construction $131
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Table 11-3: Estimated Unimproved Island Construction Cost - Alt P2-A

tem Quantity Units Unit Cost Total

Construction Costs Using Material Quantities from Channel Alignment P2
Alternative P2-A, Full-length Breakwater

General

__Mobilization and Demobilization (6%) ] 1] LS _$2,500,000.00 $2,500,000
Material Haulage B ] [y S iy s | | IR

New Railway on Formation 34.9 km $813,600.00| $28,394,640|

~ New Railway on Trestle 04| km |  $413700.00 $165,480
New Railway on Causeway/Island 11.2 km $415,500.00 $4,632,825,
Railway Structures 1.0 LS $5,172,405.06 $5,172,405,
Material Transportation 43,532,500 m® $2.38 $103,511,280

Civil Works RSN ke O !

Trestle 8,020 m’ $1,350.00 $10,827,000§

Causeway 6,745,910 m’ $7.71 $52,004,760I

| Causeway Bridge 2,005 m? $1,500.00 = $37.7C@_7é9(_)|
Island Fill 30,754,162 m® $0.42 $12,785,979
Island Revetment Construction 619,167 m’ $15.00 $9,287,508
__ Offshore Breakwater 3,673,240 m° $13.07 $48,024,600]
Rock Crushing/Sorting Plant 1 LS $1,000,000.00 $1,000,000!
Sub Total - Island Construction | $281,313,977
Engineering and Construction Administration 4.00% $11,252,559
- Contingencies ~ 20.00%  $58,513,307
Grand Total Cost $351,079,843
Cost per sq. metre for Island Construction $204

Table 11-4: Estimated Unimproved Island Construction Cost - Alt P2-B

Item Quantity Units Unit Cost Total

Construction Costs Using Material Quantities from Channel Alignment P2
Alternative P2-B, Short Breakwater

HGeneral™ T RTRINESTRTE R T e
__[Mobilization and Demobilization (6%) i 1] Ls | $2500000.00]  $2,500,000
Material Haulage
New Railway on Formation 34.9 km ~ $813,600.00 $28,394,6408
New Railway on Trestle o | 04] km $413,700.00f ~ $165,480
New Railway on Causeway/Island 11.2 km $415,500.00 $4,632,825
Railway Structures 1.0 LS $5,172,405.06 $5,172,405
Material Transportation | 43582500 m® ) $2.34 ~ $102,083,159
Island Construction
Trestle ) 8020| m’ $1,350.00 $10,827,000
|causeway 6745910 | m° $8.40 $56,665,170
___|Causeway Bridge 2,005 m’ $1,500.00 $3,007,500
Island Fill 33,172,512 m’ $0.39 $12,854,924
Island Revetment Construction 619,167 m® | $15.00 $9,287,508
Offshore Breakwater D | 1,254,890 | 7m3 _ $13.10 $16,443,700]
_|Rock Crushing/Sorting Plant 1 LS $1,000,000.00 $1,000,000
____ SubTotal - Island Construction| $253,034,312
Engineering and Construction Administration = 4.00% $10,121,372
Contingencies ] NS 20.00% $52,631,137

Grand Total Cost $315,786,821

Cost per sq. metre for Island Construction $173
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11.3 Basic Island Infrastructure

Prior to the commercial exploitation of the island, basic infrastructure elements will be
required. These include:

o Completion of Highway Access (pavement along causeway sections)
o Utilities

¢ Dredging (Channel and Turning Basin) for access to marine facilities
e Landscaping/Mitigation

e Public Access areas

e Security Installations and fencing

It has been assumed that the rail line installed for materials haulage will later be used to
link the island with the Panama Canal Railroad yard in Balboa. For this to happen, rail
bridges will be required at the existing Miraflores and the new Locks. The cost of these
links have not been included in the infrastructure cost estimates at this time, pending a
decision on the viability of the bridge links and its potential impact on Panama Canal
operations.

Infrastructure costs have been divided into three Phases, to support incremental demand
scenario. The three phases of Infrastructure Development include:

e Phase 1 — Completion of access road on causeway, main lighting, power, water
and utilities to island, first level of internal road systems, public access areas, parks
and landscaping, dredging of 225 m wide channel to first container module.

¢ Phase 2 - Extension of highway and utility networks, expansion of dredged area to
accommodate second container terminal

e Phase 3 - Extension of highway and utility networks, expansion of dredged area to
accommodate third container terminal, widen approach channel to 300 m.

Table 11-5 and Table 11-6 show the estimated costs necessary to provide the
infrastructure required to enable commercial development of each of the P1 and P2
alternative island concepts. For details of the estimates, the reader is referred to
Appendix D5 of Volume 2 of this report.
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Table 11-5: Estimated Basic Infrastructure Costs - P1 Locks Option

Infrastructure Costs Phase 1 Phase 2 Phase 3 Total I
Mobilization & Demob 750,000 500,000 500,000 $1 ,750,000'
Dredging 39,546,958 15,477,772 27,409,246 $82,433,976I
Roads and Paved Areas 3,976,875 843,750 562,500 $5,383,125|
Utilities 21,000,000 1,500,000 2,650,000 $25,1 50,000|
Public Access Areas 4,312,500 187,500 150,000 $4,650,000|
Security and Fencing 657,500 657,500 243,750 $1 ,558,750'
Engineering & Const. Admin 3,512,192 1,120,826 1,575,775 $6,208,793|
Contingencies 14,751,205 4,707,470 6,618,254 $26,076,929I
Total Cost $88,507,230| $24,994,818] $39,709,525| $153,211 ,572|

Table 11-6: Estimated Basic Infrastructure Costs — P2 Locks Option

Infrastructure Costs Phase 1 Phase 2 Phase 3 Total

Mobilization & Demob 750,000 500,000 500,000 $1 ,750,000]
Dredging 39,546,958 15,477,772 20,600,000 $75,624,730|
Roads and Paved Areas 3,058,875 281,250 225,000 $3,565,125
Utilities 18,700,000 3,700,000 1,950,000 $24,350,000|
Public Access Areas 2,975,000 90,000 45,000 $3,1 10,000|
Security and Fencing 472,500 252,500 122,750 $847,750|
Engineering & Const. Admin 3,275,167 1,015,076 1,172,138 $5,462,380|
Contingencies 13,755,700 4,263,320 4,922,978 $22,941,997
Total Cost $82,534,200| $25,579,918| $29,537,865| $137,651,982
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11.4 Marine Related Facilities

11.4.1 Container Terminal Module

Using recent construction projects as a guideline, the estimated cost of a typical 32 ha
terminal module is seen in Table 11-7 to be $149 million, which includes the cost of eight
gantry cranes. Yard equipment is not included in this estimate, since it is common
practice for the terminal operator to provide its own equipment and inventory control
systems.

Table 11-7: Preliminary Cost Estimate for 32 ha Container Terminal Module

Item Cost

Mobilization $5,000,000
Site Work $21,788,000
Entrance Complex $1,120,000
Buildings $4,437,500
Marine Structures $47,850,000
Gantry Cranes $40,000,000

SUBTOTAL $120,195,500
Engineering & Const. Admin. /1 $4,811,730
Contingency n $24,039,100
Total Estimated Cost /2 $149,046,330

/1 — Does not apply to gantry cranes

/2 — Excludes Yard equipment and inventory control systems (provided by operator)

11.5 Summary of Capital Costs

The capital costs for each sub option of the P1 and P2 alternatives presented in the

previous paragraphs are summarized in Table 11-8 and Table 11-9.
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Table 11-8: Summary of Investment Costs — Lock Option - P1

Island with Full Breakwater

Development Component Phase 1 Phase 2 Phase 3 Total
Island Construction (unimproved) 541,824,037 $541,824,037
Infrastructure 88,507,230| $24,994,818 | $39,709,525 $153,211,572
Container Terminal(s) 149,046,330} $149,046,330 |$149,046,330 $447,138,990
Total Cost $779,377,597| $174,041,148| $188,755,855| $1,142,174,599
Island with Short Breakwater
Development Component Phase 1 Phase 2 Phase 3 Total
Island Construction (unimproved) 482,047,992 $482,047,992
Infrastructure 88,507,230 $24,994,818 | $39,709,525 $153,211,572
Container Terminal(s) 149,046,330| $149,046,330 |$149,046,330 $447,138,990
Total Cost $719,601,552| $174,041,148| $188,755,855] $1,082,398,554

Table 11-9: Summary of Investment Costs —

Island with Full Breakwater

Lock Option - P2

Development Component Phase 1 Phase 2 Phase 3 Total
Island Construction (unimproved) 351,079,843 $351,079,843I
Infrastructure 82,534,200] $25,579,918 | $29,537,865 $137,651,982|
Container Terminal(s) 149,046,330| $149,046,330 |$149,046,330 $447,138,990
Total Cost $582,660,373| $174,626,248| $178,584,195 $935,870,816
Island with Short Breakwater
Development Component Phase 1 Phase 2 Phase 3 Total
Island Construction (unimproved) 315,786,821 $315,786,821
Infrastructure 82,534,200| $25,579,918 | $29,537,865 $137,651,982
Container Terminal(s) 149,046,330| $149,046,330 |$149,046,330 $447,138,990
Total Cost $547,367,351| $174,626,248| $178,584,195 $900,577,793
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11.6 Use of Designated Disposal Sites

In order to test the commercial viability of the island project, it is necessary to compute the
costs of transportation and island construction against other disposal alternatives. The
incremental cost between the two options can then be viewed as the opportunity cost for
the commercial exploitation of the island, assuming that no other cost effective locations
exist for marine terminals development.

The designated ACP disposal sites and their capacity are indicated in Figure 11-1.
Receiving locations are on both the east and west sides of the Canal, which could imply
potential interference with Canal operations when the east side sites are being used.

According to the information on the drawing, the total capacity of the ACP sites is 59.60
million m3, which is considerably less than the bulked volume of the P1 materials.
However, it is possible that the stockpile heights could be increased to meet the project
needs. Given the naturally hilly terrain in the area, it would not be difficult to construct
artificial hills to maintain a natural look to the area after filling.

To ensure compatibility with the costs of the island project, cost estimates developed by
Harza for the movement of material to the disposal sites have been extended to include
site restoration. Contingencies and engineering costs have also been added, again to
maintain consistency with the island creation options.

Table 11-10 indicates the estimated cost of disposal of the material to the ACP sites
shown in Figure 11-1. The estimate also includes costs for construction of access roads,
site restoration and contingencies, in order to provide a valid comparison with the cost of
construction of the island.
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Table 11-10: Estimated Costs - Disposal to ACP Sites

Item Quantity Units Unit Cost Total
Costs Using Material Quantities from Channel Alignment P1
General B i e
Mobilization and Demobilization 1 LS $1,250,000 $1,250,000
Material Haulage |
Truck Transportation 87,381,000 m® $4.19 $366,102,640
Site Rehabilitation and Erosion Control I [
Site Preparation & Restoration 87,381,000 m’ $0.21 $18,332,944
Total Cost - Haulage & Site Restoration . ~ $385,685,584
Engineering & Disposal Site Administration 1.50% $5,785,284
Contingencies el L] 1250% | ~ $48,933,858

Grand Total - P1 $434,619,442
Cost per cu. metre for Disposal $5.00

ltem Quantity Units Unit Cost Total
Costs Using Material Quantities from Channel Alignment P2
General
Mobilization and Demobilization 1| LS | $1,250,000 $1,250,000§
Material Haulage . - -
Truck Transportation 47,136,500 m’ $4.18 $197,260,790
Site Rehabilitation and Erosion Control
Site Preparation & Restoration 47,136,500 m’ $0.39 $18,332,944
Total Cost - Haulage & Site Restoration $216,843,734
Engineering & Disposal Site Administration 1.50% $3,252,656§
Contingencies 12.50% $27,512,049

Grand Total - P2
Cost per cu. metre for Disposal

$244,355,783

$5.20
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12 FINANCIAL INDICATORS

12.1 Capital cost Evaluation
12.1.1 Island Construction

The foregoing sections clearly indicate that the construction of the island and its
intermodal access system is technically viable. Section 10 also indicates that there do not
appear to be any environmental issues that cannot be resolved by mitigation or an
effective public awareness campaign.

Based on the cost estimates presented in Section 11.6 , the expected costs of island
construction for the P1 and P2 alternatives are summarized in Table 12-1. The table also
indicates the expected cost of placement of the same quantities of material at the ACP
designated disposal sites, since the difference between the two costs may be considered
as the opportunity cost for creation of the raw unimproved land for commercial
development of the island itself.

As indicated in the table, the full development cost of the island, without container or value
added installations, will vary from a low of $274.01/m2 to a high of $451.03/m2 depending
on the Locks and breakwater options selected. If the cost of disposal to the ACP sites is
discounted from the development costs, the range of values falls to a low of $86.54/m2
and a high of $225.52/m2.

Table 12-1: Summary of Island Investment Costs

Locks Alternative
P1 P2
Long BW Short BW Long BW Short BW

Land Base
Island Area from Locks Excavation (ha) 350 368 172 183
Marketable Land Area (ha) 221 232 108 115
Development Costs ($millions)
Unimproved island Construction $541.82 $482.05 $351.08 $315.79
Infrastructure (3 phases) $153.21 $153.21 $137.65 $137.65
Total Development Cost for the Island /1| $695.04 $635.26 $488.73 $453.44
Cost of Using ACP Disposal sites| $434.62 $434.62 $244.36 $244.36

Discounted Island Cost| $260.42 $200.64 $244.38 $209.08

Equivalent Development Costs ($/m2)
Full Cost $315.21 $274.01 $451.03 $393.30
Discounted (ACP disposal) Cost| $118.10 $86.54 $225.52 $181.35
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12.2 Facilities Development
12.2.1 Container Terminals

There are essentially three approaches to container terminal development. Each has
varying degrees of risk for the concession holder and owner, with consequent variations in
investment costs and revenue.

e Build, operate and transfer (BOT) Full concession, where the concession holder
builds and operates the terminal for a specific period, usually on the order of 25 to
35 years, with the facility ownership returning to the landlord on completion of the
concession term.

» Operating Concession — The landlord builds the permanent installations, and
possibly provides gantry cranes. The concession holder operates the terminal
using its own yard equipment and personnel. Duration of agreement can be five to
20 years.

e Owner Operation. The project sponsor builds and operates the terminal, often with
concessions for special services, such as stevedoring, tugs etc.

The most common system in the US is the landlord/lease system, whereby the container
terminal will be constructed by the port agency or public entity. This is mainly the result of
significant public financing and funding for port projects.

In South America and Asia, the BOT approach is far more common, as governments
move away from public support for infrastructure projects. This is probably the most
logical approach for this project, and follows the models of the Manzanillo, Evergreen and
Balboa container terminals.

Assuming that the investment cost of a fully developed 32 ha terminal module with eight
gantry cranes, as presented in Section 6.1, is on the order of $149 million, this then
converts to an added unit cost of $466/m2, over and above the improved island
construction costs presented earlier.

Assuming that the discounted island costs are applied, the total unit cost of the container
terminal is likely to be on the order of $584.00/m2 ($118.10 + $466.00) for the P1 option
with the full breakwater and $553.00/m2 for the short breakwater option.

These total costs increase to $691.00 and $647.00/m2 respectively for similar breakwater

scenarios under the P2 Locks option, again assuming that the cost of ACP disposal is
discounted from the islands construction cost.
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12.2.2 Container Terminal Construction costs at other
Locations

Direct comparison of the container terminal costs with other projects on a square meter
basis can be misleading, since throughput and revenue potential will vary considerably.
For example, US west coast terminal throughput is often on the order of 10,000 teus per
hectare per year, while throughput at transshipment terminals such as Manzanillo or HIT
in Panama is on the order of 20,000 teus per hectare. Ports such as Singapore and Hong
Kong claim throughputs of 30,000 to 50,000 teus per hectare.

In order to compare construction costs with other container terminals, it is therefore useful
to use a cost per teu of annual throughput capacity as a baseline.

On this basis, the Container Terminal module described in this report will cost
approximately $157 per teu of annual throughput. Construction of the land and
infrastructure to support the terminal will cost $40 per teu, indicating a total cost, including
cranes, of $197 per teu of annual throughput, if it is assumed that the cost of disposal to
the ACP sites can be discounted from the estimate. If the full cost of the island
construction is included, the cost per teu will increase to $263 per teu of annual
throughput.

Very few new US terminals are being built on Greenfield sites similar to this project, but in
these cases, land purchase costs must then be included the project cost estimate. A
typical west coast terminal upgrade will cost on the order of $175 per teu of throughput,
and land costs will vary from $40 to $95 per teu of annual throughput depending on
location and demand. Asian and Far East terminal construction costs are slightly higher
than the US counterparts, with land costs varying considerably depending on location.

This crude comparison indicates that the Panama island container terminal is at the higher
end of new terminal cost, if full cost recovery is required. If the cost of disposal to the ACP
sites is discounted from the computations, the Panama island terminal cost is within an
acceptable range when compared with US or international container terminal construction
costs.

12.2.3 Value added and Distribution Facilities

Given the wide variety of potential development options for commercial and value added
installations, it is not practical to estimate investment costs at this time. Typically each
developer will wish to build its own complex or facility on leased or purchased land. Under
this scenario, the development costs shown in Table 12-1 give an indication of the cost of
providing a site to a potential value added or commercial developer.
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12.3 Potential Income scenarios
12.3.1 Container Terminals

For terminals that are financed, built and operated by the owner or concessionaire,
revenue after operating costs is on the order of $60 per teu, out of which the amortization
of capital must be deducted. Net revenues after all costs are typically on the order of $15
to $40 per teu, depending on the capital investment required.

If it is assumed that the project sponsor builds a 950,000 teu terminal module as illustrated
in Section 6.1, net income to the landlord entity will be on the order of $20 to $30 per teu
handied.

12.3.2 Value Added installations

As noted above, most developers will wish to build their own facilities on the island. A
detailed study is required to determine a typical range of lease or sale costs that would
apply to this project.

However, as a rough guide, potential lease rates for prime waterfront development ready
sites in the US are on the order of 8.0 to 12.0% of appraised value per year. This then
translates to a low of $30,000 to as much as $120,000/ha/year, depending on location,
market potential and level of demand.
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13 IMPLEMENTATION PROGRAM

13.1  Key Project Milestones

In order to meet the Locks construction start up target of year-end 2005, the rail system
for the island must be ready to receive materials. This then implies that the rail system
must be constructed well ahead of the Locks project commencement. The contractors
working area for the island indicated in Figure 9-1 must be available to receive and
temporarily hold incoming material during the construction of the causeway to the island.

Prior to commencement of any work on the island or land connections, the requisite
permits must be obtained.

Finally, the permitting and contracting process will be based on engineering and
technical studies, which will include a significant number of field investigations.

If it is assumed that permitting and engineering for the project will take approximately 18
months, with construction of the rail link taking a similar time, it is critical that the
technical and environmental studies begin no later than the beginning of 2002.

13.2 Special Study Requirements

A major marine related development project of this category requires a considerable
effort both from permitting and engineering standpoint. As indicated in the discussions
in this report, there are a number of major issues and cost factors that will require
detailed study before final design documents can be prepared. Key issues identified to
date include:

» Geotechnical characteristics of the island and causeway area

e Need or otherwise for breakwater protection

* Need or otherwise for open sections or bridges in the causeway

» Characteristics and Volumes of material to be removed from Locks excavation
* Sub bottom conditions (rock quantities) in dredged channel areas

¢ Reaction of public and interest groups to the project

e Shoreline and other impacts of the project

o Future use of rail link
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In order to address these issues, the following special studies are required as a matter of
urgency:

13.2.1 Offshore

A coordinated program of over water studies represents the first priority for the fieldwork.
These studies will then provide the basic information required to confirm the island
location, characteristics of sub bottom materials and refinement of the cost estimates
presented earlier.

Seismic Profile, exploratory boreholes

Given the extensive area of the island, and the intermittent nature of the rock outcrops in
the area north of Taboga, it is recommended that a seismic survey be undertaken with
calibration boreholes to confirm materials characteristics. This survey can be integrated
with the bathymetric work discussed below. The duration of the fieldwork is on the order
of one month, following arrival of specialist equipment at the project site. Production of
the survey report will take approximately two months. The area of coverage should be
one km on each side of the causeway alignment, a similar distance north and south of
the proposed access channel and at least 2 km greater than the side dimensions of the
proposed island.

Bathymetry

Navigation charts and other bathymetry indicate minimal changes in the bottom profile
over a significant period of time. However, a full bathymetric survey should be
undertaken in conjunction with the Seismic work discussed above.

Wave Studies

At this time, it is now known whether any useful wave data is available to support ship
motion and breakwater design studies. However, the incidence of very long period
waves in the Pacific will almost certainly require a wave measurement program in the
vicinity of the project. This program should be continued for the full duration of the
technical and design work, in order to cover the widest spectrum of the wave climate in
the area.

Hydrodynamics & Sedimentation Model

A hydrodynamic model will be required to simulate tidal driven currents in and around
the proposed development. It is understood that some modeling work has been done in
the vicinity of the Canal entrance. However site specific information on tides, currents,
sediment loads, salinity, temperature and other parameters will be required for the
model. This work can be programmed to coincide with the other offshore field surveys.
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Dredged Materials Sampling

Bottom samples of material should be taken to below the proposed dredging depths in
order to identify the environmental characteristics of the material and prepare technical
studies of dredging work.

13.2.2 Onshore Studies

Onshore technical field studies will be limited to topography over the rail route and
recommended contractor's working and materials stockpile areas. Following a data
search covering the recommended route, a series of test pits, soundings and boreholes
will be required to support the design effort for the rail and crossing structures.

Right of way studies will also be required, and can be included in the topographic work.

13.2.3 Environmental Baseline Studies

A series of baseline environmental studies will be required to support the permitting
effort for the project. These should be coordinated with the hydrodynamic and other
offshore studies, since much of the information to be derived is applicable to both the
technical and environmental work tasks. Typical studies for a project of this magnitude
include:

e Bottom sampling for fauna and flora

* Identification of sensitive ecological areas (coral beds etc)

» Detailed evaluation of near shore sediments and ecological characteristics
e Water samples for dissolved oxygen and contaminant levels

e Fish and crustacean sampling in project area of influence

» Environmental baseline studies to include the effects of the Project on Punta
Bruja environmentally protected areas.

e Air quality sampling
* Bio diversity and species evaluations along rail route and island access

* Surveys of bird and indigenous species on islands or shoreline with the area of
influence of the island

13.3 Technical & Design Studies, Permits

Prior to the undertaking of any detailed engineering work, the following special studies
should be undertaken, using the results of the field studies noted above.
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Offshore Wave modeling

Twenty years of hindcasted waves are available from the United Kingdom
Meteorological Office (UKMO). In conjunction with any local data and the results of
specific wave measurement for the project, these data can be used to provide statistics
for operational and design waves offshore of the study site. Design waves (e.g., 10, 25,
50 and 100- year return period values) should then be developed using a point over
threshold extreme value analysis.

Near-shore Wave Modeling.

A MIKE 21 or similar near-shore wave model (NSW) will be required to transfer the
offshore wave climate to the project site. An offshore grid will take the waves from deep
water to an area fronting the project site and cover a wide portion of the Bay south of the
Panama Canal. = Waves from the offshore grid are then transferred to a project site
inner grid. This inner grid will transfer waves past and around the islands fronting the
proposed harbor development, in order to establish near-shore design waves for
breakwater design.

Refraction-Diffraction Modeling

A second level model will also be required to evaluate wave heights within the harbor
behind the breakwater, such that several alternative breakwater alignments can be
evaluated. Given the high cost of the breakwater, this will be one of the key elements of
the early technical studies for the project.

Ship Motion evaluation

In conjunction with the wave modeling efforts, a ship motion study may be required to
support the breakwater and island planning work tasks.

Hydrodynamics & Sedimentation Model

A Mike 21 HD/MD or similar model will be required to simulate tidal driven currents in
and around the proposed development. The model will be used to evaluate the impact
of project development on tidal flows and sedimentation within the harbor and approach
channel. Results from this work will be used to evaluate long-term maintenance
dredging requirements and can also be used in environmental studies.

Ship Maneuvering Simulation and Under keel Clearance Model

A fast-time ship maneuvering or navigation model should be used to confirm the
navigation channel design and configuration. There are several categories of model
available for this task, starting from a fully computer based model to full sized replicas of
the ship bridge area and digitized images of the proposed approaches.
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Geotechnical Evaluation

The geotechnical evaluation represents one of the most critical elements of the technical
studies. Given the varied nature of the bottom materials in the vicinity of the island,
causeway and approach channel, the geotechnical studies are crucial to obtain a
satisfactory level of confidence in the cost estimating efforts.

Materials Evaluation

It is assumed that extensive site investigations will be undertaken for the Locks concept
and design studies to be carried out in conjunction with the island technical studies.
However, it is crucial that the island technical team coordinate these studies with the
locks design group, since the objectives of each group will differ. In particular, the island
project will require rock as small as can be reasonably obtained, together with sufficient
yield of large rock for the wave protection elements of the project. While this can be
obtained by modifying blasting patterns and techniques, this may not meet the
production or cost objectives for construction of the Locks.

In this case, the materials evaluation may be extended to research other sources of
large material for armor stone for the breakwater and shore protection items.

13.4 Implementation Schedule

In order to meet the key milestones for the Locks project, the field investigations and
technical studies will require close coordination and early mobilization.

Figure 13-1 shows a general schedule of pre construction and construction tasks
considered critical to meet the established deadlines for the Locks project.
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Figure 13-1: Island Construction Schedule
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