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INTRODUCTION
LOCATION

The Port of Miami is an island facility consisting of 660 acres that is located at the northern
part of Biscayne Bay in South Florida. The city of Miami is located on the west side of
Biscayne Bay; the city of Miami Beach is located on a peninsula on the northeast side of the
bay, opposite Miami. Both cities are located in Miami-Dade County, Florida, and are
connected by several causeways crossing the bay. The Port is the southernmost major
Atlantic Coast port (see Figure A-1). Referenced to other major South Atlantic Region
ports, the Port is located 21 nautical miles south of Port Everglades (Fort Lauderdale),
Florida; 83 nautical miles south of Palm Beach, Florida; 173 nautical miles south of Port
Canaveral, Florida; 306 nautical miles south of Jacksonville, the most northern port on
Florida’s Atlantic Coast; 386 nautical miles south of Savannah, Georgia; and 420 nautical
miles south of Charleston, South Carolina. It is 144 nautical miles north of Key West, the
southermnmost port in Florida.

FEDERAL PROJECT

The present Federal navigation project consists of:

(1) An entrance channel, with a 44-foot depth over a bottom width of 500 feet from the
ocean to the beach line, with two rubble stone jetties;

(2) An inner channel (Government Cut) with a 42-foot depth and bottom width of 500 feet
from the beach line to the Fisher Island turning basin;

(3) The Fisher Island turning basin with a 42-foot depth over a triangular-shaped bottom
area;

(4) A channel (Fisherman’s Channel) with a 42-foot depth over a bottom width of 400 feet
from the Fisher Island turning basin along the south side of Lummus Island to the Lummus
Island turning basin;

(5) The Lummus Island turning basin with a 42-foot depth and a turning diameter of 1,500
feet;

(6) A channel with a 34-foot depth over a bottom width of 400 feet extending west 1,200
feet from the Lummus Island turning basin;

(7) A (Main) channel with a 36-foot depth over a bottom width of 400 feet from the Fisher
Island turning basin west along the north side of Lummus and Dodge Islands to a third
turning basin;

(8) A (Main) turning basin with a 36-foot depth with a turning basin diameter of 1,650 feet
at the west end of the 36-foot Main Channel,



(9) A channel with a 15-foot depth in the Miami River over a varying bottom width of 150
feet at the mouth to 90 feet 5.5 miles inland; and

(10) Maintenance of the constructed project.

PURPOSE AND SCOPE

The current project features for the inner (Government Cut) and Fisherman’s channels and
the Fisher Island turning basin were designed for Panamax container ships; however, the
world container ship fleet has significantly changed since these features were authorized in
1989. Since 1989, Post-Panamax container ships that were deployed in the Far East trade
region (Europe/Mediterranean/Far East trade route) have become more numerous and are
now deployed in the Pacific trade region (U.S. West Coast/Far East trade route). Itis
anticipated that within the next five years, Post-Panamax container ships will be deployed in
the Atlantic trade region and will call at U.S. East Coast ports. Thus, one purpose of this
economic analysis is to estimate the National Economic Development (NED) benefits
associated with harbor improvements, specifically channel deepening, that are designed to
allow for the efficient utilization of Post-Panamax container ships.

In addition to assessing the NED benefits of channel deepening, the economic analysis will
also estimate the NED benefits of improvements designed to remedy navigation problems
within the harbor that were identified in a letter from the Biscayne Bay Pilots to the Port
Authority, dated October 23, 1997. The improvements call for widening the project
channels at three locations.

The first location is the outer entrance channel at Outer Bar Cut. “The currents in this area
are variable and unpredictable, putting large deep draft vessels at risk when making their
approach to Miami.... Several container ships have already grounded off Buoy 1.” The
Pilots recommended that the outer channel be tapered with an 800-foot wide entrance.

The second area is on the south side of Government Cut between Beacon 13 and Beacon 15.
In this area, ships are turning from one channel to another (Government Cut to Fisherman’s
Channel). “The strong currents in this area compounded by the necessity for the ship to
have as little speed as possible, makes it important for the ship to have as much swinging
room as possible.... Tugboats assisting ships in this area have grounded and sustained
damage.” The Pilots recommended widening the channel between Beacons 13 and 15 as
much as possible.

The third area of concern is the Lummus Island Cut (Fisherman’s Channel), just south of the
gantry crane area. Ships transiting the Fisherman’s Channel pass extremely close to vessels
docked at the gantry crane berths on Dodge Island. This results in a “surging” effect on the
ships at the berths. Moreover, frequently vessels with on-board cranes have their cranes
swung outboard 90 degrees, thereby blocking a portion of the channel. “Given the variables
of wind, current, ship size, draft, etc., this creates an unsafe condition.” The Pilots
recommended that the southern edge of the Lummus Island Cut be extended 100 feet further
to the south.



The number of people taking cruises has been growing, and this growth is expected to
continue in the future. In response to this increasing demand, cruise ship companies have
been constructing larger cruise ships to carry more passengers. The largest cruise ships in
the world are Royal Caribbean International’s VOY AGER-class cruise ships. Two of these
vessels, the VOYAGER OF THE SEAS and the EXPLORER OF THE SEAS, currently
homeport at Miami Harbor. These cruise ships are 1,019 feet long and carry 3,114
passengers. Because of the increase in size, both length and breadth, of cruise ships, the
amount of berthing area at the current cruise ship terminals has been reduced. To provide
more berthing area for cruise ships, the Port is berthing small cruise ships at Cruise Terminal
12 located at the southwest corner of Dodge Island. Terminal 12 serves Passenger Bays 183
to 195.

Because cruise ships will continue to increase in size, harbor improvements will be required
to accommodate the larger cruise ships at Bays 183 to 195. Accordingly, NED benefits will
be estimated for extending the current Federal channel from a point 1,200 feet west of the
Lummus Island turning basin to the southwest corner of Dodge Island (Passenger Bay 195)
and constructing a separate turning basin within this segment.

The purpose of the benefits analysis is to estimate NED benefits associated with harbor
improvements designed to accommodate larger, more efficient cruise and container ships
and to eliminate or significantly reduce the navigation problems that have been identified by
the Biscayne Bay Pilots. Because this is a General Reevaluation Report (GRR), the analysis
was conducted at a level of detail commensurate with a feasibility study.

PORT INFRASTRUCTURE

The Port of Miami is a 660-acre island facility created from two spoil islands, Dodge Island
and Lummus Island. As shown in Figure A-2, the western end is Dodge Island, and the
eastern end is Lummus Island. The Port is connected to the Miami mainland by two
bridges, a 65-foot high, fixed span vehicular bridge and a road and a rail bridge linking to
the Florida East Coast Railroad Company’s main line track.

The Port of Miami is a “clean port”, the designation of a seaport that does not handle bulk
cargoes or potentially dangerous or hazardous cargoes such as fuel oil. The Port handles
only palletized, roll-on/roll-off (RO/RO), and containerized cargo. In addition to cargo
traffic, the Port of Miami is also a major cruise ship port. It is the year-round homeport of
the largest cruise ship in the world, the VOYAGER OF THE SEAS. As reported in the
1999 Port of Miami Master Development Plan (April 30,1999), the Port consists of 518
acres of actual landmass. Of the 518 acres, 372.5 acres (71.9 percent) is devoted to cargo
operations, mainly on Lummus Island, and 52 acres (10.0 percent) is devoted to cruise
operations on Dodge Island. The Port also leases 34 acres from the Florida East Coast
Railway at its Buena Vista yard, which is located approximately 2.5 miles northwest of the
Port. This leased property is used as an intermodal container marshaling and storage area
for transshipments.

The Port of Miami is a landlord port, owned by Miami-Dade County, Florida and managed
by the Miami-Dade County Seaport Department. The Port Director reports to the County
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Manager. Facilities are leased to port users and operators. There are three principal
terminal operators at the Port: Seaboard Marine, the Port of Miami Terminal Operating
Company (POMTOC), and Universal Maritime/Maersk. Seaboard Marine’s container
terminal and storage areas are located along the southern portion of Dodge Island and the
southwest corner of Lummus Island. POMTOC’s container terminal is located exclusively
on Lummus Island, as is Universal Maritime/Maersk’s (northeastern portion). The Port’s
infrastructure that supports cargo and cruise ship operations is identified in Table A-1 to
Table A-4.

The berthing areas are identified in Figure A-2. The berth specifications (length, depth,
berthing area, and use) are shown in Table A-1. Cargo supporting storage (transit sheds and
open storage) and gantry cranes are displayed in Table A-2. The specifications for the
gantry cranes are shown in Table A-3. As shown in Table A-3, currently there are three
Panamax and seven Post-Panamax gantry cranes; two super-Post-Panamax gantry cranes are
scheduled to arrive in 2003/2004. Panamax, Post-Panamax, and Super-Post-Panamax
gantry cranes are designed to reach across 13 containers (approximately 8 feet wide), 17
containers, and 22 containers, respectively.

In addition to gantry cranes, the Port’s cargo handling equipment includes forklifts,
toploaders, and mobile truck cranes including three Mi-Jack 850-P Rubber Tire Gantries
(RTGs), which allow containers to be stacked 6-wide and 4-high.

There are eleven passenger terminals that accommodated 3.3 million passengers in fiscal
year 2000. The Port’s passenger terminals are designated Terminals 1 through 5, Terminal
6/7, Terminal 8/9, Terminal 10, and Terminal 12 (see Figure A-2). The berth and terminal
specifications are identified in Table A-1 and Table A-4, respectively.

As identified in the Port’s 1999 Master Plan, approximately 47.5 acres of the Port’s land
area is utilized by support facilities: parking, 17.0 acres; circulation and open space, 10.5
acres; office — Federal Government, 8.5; recreation, 7.5 acres; office-miscellaneous and
office-Seaport Department, 1.7 acres.

CSX Transportation, Inc serves the Port of Miami. The Miami-Dade County Seaport
Department owns 2.1 miles of trackage at the Port of Miami on Dodge Island, which
consists of a main line track extending the length of the island and a four-track, closed-end
intermodal rail yard. The main track on Dodge Island connects with the Florida East Coast
Railway via a rail bridge. A connection with CSX Transportation, Inc. is effected through
an interchange in the west part of the city of Miami. Moreover, the Port is less than one
mile from major highways: Interstate 95 and Federal Route 1 via Interstate 395, and
Interstate 75 via Dolphin and Palmetto Expressways. The Miami International Airport
(MIA) is located on a 3,300-acre site about five miles northeast of downtown Miami.

There is a private petroleum facility at Fisher Island (see Figure A-2). This facility receives
Number 6 fuel oil and diesel fuel by tankers and barges (integrated tug and barge units -
ITBs). The fuel is used solely for bunkering the Port’s cargo and cruise ships, which are
bunkered at the berth by tank truck or by bunkering barge. This facility has an 800-foot



long berth with a depth of 36 feet and 12 storage tanks having a total capacity of 667,190
barrels.

As reported in the U.S. Army Corps of Engineers’ Port Series No. 16 document (revised
1999), within Metropolitan Miami and Dade County 12 companies operate warehouses
having a total of over 1,000,000 square feet of dry storage space and over 6,000,000 cubic
feet of cooler and freezer space. All except three of the warehouses have railroad
connections, and each is accessible to arterial highways.

Anchorage for deep-draft cargo vessels lies north of the entrance channel to Miami Harbor.
There are no bridges crossing the shipping channels for Dodge and Lummus Islands.



Table A-1: Specifications for Current Berths (Bays)'

Berthing
Berth Length Depth Area?
Number (feet) (feet) (feet) Use(s)
Bays 213, 214, 219 750 32 125 | Cruise, RO-RO”
(Passenger
Terminal 6)
Bays 1-25 " 3,220 36 125 | Cruise
(Passenger
Terminals 1-5 &
10)
Bays 25 " -38 1,600 36 125 | Cruise
Bays 38-45 1,680 36 125 | Cruise
(Passenger
Terminals 8§ &9)
Bays 45-55 1,200 36 125 | Cruise
Bay 55W 900 36 125 | RO-RO, LO-LO*
Bay 590W 550 32 125 | RO-RO, LO-LO
Bay 65W 690 32 125 | RO-RO, LO-LO

Bays 99-140 5,500 42 125 | Container, RO-RO,

(Gantry Crane LO-LO
Berths)

Bays 144-148 600 25 125 { RO-RO, LO-LO
Bay 154 670 25 125 | RO-RO, LO-LO
Bay 155 550 25 125 | RO-RO, LO-LO

Bay 165-177 1,450 25 125 | RO-RO, LO-LO

Bays 183-195 1,450 25 125 | Cruise

{(Passenger

Terminal 12) *

" Source: Port of Miami, 2000 Official Directory, page 53. Note: Ships’ berths are noted with bay numbers that
begin at the northwest corner of Dodge Island. Bay numbers increase in a clockwise direction around the port

in increments of approximately 120 feet per bay.

? Linear distance perpendicular to the berth bulkhead. Based on the extreme breadth of the largest vessel using
the berth, plus an amount for mooring fenders and cargo discharging equipment.

> Roll-On/Roll-Off; Lift-On/Lift-Off,
* Bay 183 is the Fisher Island Ferry Terminal.




Table A-2: Dry Cargo Facilities and Gantry Cranes

Transit Sheds

Open Storage

Gantry Cranes

General Location

Number

Cargo Space
(Sq. Ft)

Area
(Acres)

Number

Type

Bays 213, 214, 219
(Passenger
Terminal 6)

Bays 1-25
(Passenger
Terminals 1-5 &
10)

93,000

Bays 25 7 -38

Bays 38-45
(Passenger
Terminals 8 &9)

288,000

Bays 45-55

119,000

Bay 55W

Bay 59W

Bay 65W

Bays 99-140
(Gantry Crane
Berths)

230°

10

3 Panamax
7 Post-Panamax

Bays 144-148

Bay 154

36,000

Bay 155

Bay 165-177

73,500

Bays 183-195
(Passenger
Terminal 12) °

" Source: Port of Miami, 2000 Official Directory, page 53. Note: Ships’ berths are noted with bay numbers
that begin at the northwest corner of Dodge Island. Bay numbers increase in a clockwise direction around the

port in increments of approximately 120 feet per bay.

* Linear distance perpendicular to the berth bulkhead. Based on the extreme breadth of the largest vessel
using the berth, plus an amount for mooring fenders and cargo discharging equipment.
? Roll-On/Roll-Off; Lift-On/Lift-Off.
* The Port of Miami has 300 acres of open storage. Of the 300 acres, 230 acres is located on the eastern end
of Lummus Island extending east to west from Bays 99 to 148. The remaining 70 acres is located on the

southern end of Dodge and Lummus Islands extending from Bays 148 to 190.
> Bay 183 is the Fisher Island Ferry Terminal.
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Table A-3: Gantry Crane Specifications

Area Lummus Island Lummus Island Lummus Island

Location (Berths) Bays 99-140 Bays 99-140 Bays 99-140

Number 3 7 2

Type Panamax Diesel- Post-Panamax Super-Post-Panamax
Electric, Traveling Diesel-Electric, Electric, Traveling
Gantry Crane with Traveling Gantry Crane with Hinged-
Hinged-Cantilevered | Crane with Hinged- | Cantilevered Boom
Boom Cantilevered Boom

Lift Capacity 40 50 50

Below Spreader

(Long Tons)

Outbound Reach 125 151 213

(feet)

Back Reach (feet) - 85 85

Maximum Clear 135 150 181

Hoist (feet)

Rail Gauge (feet) 100 100 100

"'Source: For Panamax and Post-Panamax cranes: Ports of Miami, Port Everglades, Palm
Beach, and Port Canaveral, Florida, Port Series No. 16 Revised 1999, U.S. Army Corps of
Engineers (NDC-99-P-4), page29. For Super-Post Panamax Cranes that are on order and
scheduled for delivery in October 2002, Port Authority specification documentation.

Table A-4: Cruise Passenger Terminals

Passenger Terminal Location Gross Floor Area Year
(Sq. Ft.) Constructed/Significant
Renovation
Terminal No. 1-5 North side of 17,975 (each) 1969-1970
Dodge Island
Terminal No. 6/7 North side of 150,000 1971-1972
Dodge Island
Terminal No. 8/9 North side of 190,000 1978/1996-1997
Dodge Island
Terminal No. 10 North side of 58,000 1986
Dodge Island
Terminal No. 12 South side of 66,500 1988
Dodge Island

1 Source: Table 2.8, Cruise Passenger Terminals, 1999 Port of Miami Master Development

Plan, April 30, 1999.
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CARGO MOVEMENTS AND FLEET COMPOSITION

The Port of Miami handles container, trailer, neobulk (united/bundled), and breakbulk
(loose non-containerized) cargo. As shown in Table A-5, Port Authority records for fiscal
year 2000 (October 1999 to September 2000) report a total of 7,804,946 short tons of cargo.
Containerized cargo, which consists of containers and trailers, represented 97.4 percent of
all cargo: containers 61.8 percent, and trailers 35.6 percent. Neobulk and breakbulk cargo
represented only 2.6 percent of all cargo. Cargo vessels recorded 2,424 calls, or 70.3
percent of all ship calls (3,447). The cargo is carried on container ships, Roll-On/Roll-Off
(RO/RO) ships, and Lift-On/Lift-Off (LO/LO) ships. The LO/LO ships have on-board
cranes, and are primarily used in the Caribbean and Latin American trade, as many of the
ports in these trade areas do not have gantry cranes. The trailer cargo is containerized cargo
that is carried on RO/RO ships that, except for auto carriers, carry fixed-wheel trailers on the
lower decks, and often carry containers on the upper deck. Most cargo is carried on
“cellular” container ships that are designed to carry only containers.

Most of the container and trailer cargo recorded at the Port is classified as general cargo, not
otherwise specified (N.O.S.). Examples of individual classes are refrigerated fruits and
vegetables, miscellaneous apparel, textiles, and foodstuff. Buses and trucks are examples of
breakbulk cargo. Lumber is an example of neobulk cargo.

In addition to handling cargo traffic, the Port of Miami is a major homeport for 17 cruise
ships belonging to Carnival Cruise Lines, Norwegian Cruise Line, and Royal Caribbean
International. These companies offer 4 to 11 day cruises. As shown in Table A-5,
3,364,643 passengers embarked/disembarked, and 1,023 ship calls were recorded in fiscal
year 2000, representing 29.7 percent of the total number of calls.

The vessels currently calling at Miami Harbor range in size from small general cargo vessels
to Royal Caribbean International’s VOY AGER-class cruise ships (length overall, 1,021 feet;
breadth, 156 feet; draft, 28 feet). The largest dry cargo vessel class is the Panamax class of
containership (length overall, 965 feet; breadth, 106 feet; draft, 44 feet). A Panamax class
vessel is a vessel with dimensions that allow it to transit the Panama Canal: 950 feet long
with a beam of 106 feet, except for passenger and container ships, which may have a length
0f 965 feet (lock dimensions are 1,000 feet long and 110 feet wide). The Panama Canal has
a vessel draft restriction of 39 feet, 6 inches freshwater (equivalent to 38 feet, 8 inches
saltwater).
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Table A-5: Miami Harbor Waterborne Commerce Fiscal Year 2000
Cargo Short Tons Percentage Ship | Percentage of
/Passengers Of Total Calls | Total Calls
Cargo
Tonnage
Container 4,827,102 61.8%
Trailer 2,771,475 35.6%
Other * 206,369 2.6%
Cargo Tonnage Total | 7,804,946 100.0% 2,424 | 70.3%
Passengers 3,364,643 1,023 | 29.7%
Total Ship Calls 3,447 | 100.0%
" Source: State of the Port 2001, Port of Miami.
2 Neobulk (united/bundled) and breakbulk (loose non-containerized) cargo.

PROBLEMS AND OPPORTUNITIES

Channel Widening

Channel widening measures comprise widening the seaward portion of the entrance channel
from 500 feet to 800 feet (Component 1C), dredging the widener between buoys 13 and 15
(Component 2A), and widening Fisherman’s Channel approximately 100 feet to the south
(Component 5A). The purpose of Channel Widening is to increase safety, reduce damages,
reduce delays, and avoid increases in tug assist costs for the Post-Panamax vessels that are
expected to call in the future. Ships have grounded at entrance due to currents. Existing
conditions allow surging that prevents cargo vessels at berth from discharging or loading
cargo when a vessel passes.

In the without-project condition, as Post-Panamax vessels begin to call, grounding
frequency and associated safety reduction and incurred damages will increase. Surging
caused by passing vessels will worsen. The Post-Panamax vessels will require extra tug
assistance.

In the with-project condition, groundings will be significantly reduced. Surging caused by
passing vessels will be lessened. Post-Panamax vessels will require less tug assistance.

Benefits attributable to channel widening include: (1) reduced damages; (2) reduced delays
(vessels holding until grounded vessel is removed and less interruption to discharging
vessels); (3) increase in navigation safety; (4) reduced transit times; and (5) reduced tug
assist costs.
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Fisher Island Turning Basin Extension

The existing Fisher Island Turning Basin is not large enough for the Post-Panamax container
ships that are expected to call in both the without- and with-project conditions to turn.
Without the Fisher Island Turning Basin Extension (Component 3B), these vessels can turn
in the previously authorized 42-foot deep Lummus Island Turning Basin, but extending the
Fisher Island turning basin would provide a closer place to turn for the larger vessels.
Therefore, this increment would provide more flexibility in allocating turning basin use
among vessels, leading to timesaving efficiencies.

Shipping Channel, Fisher Island Turning Basin, and Lummus Island Turning Basin
Deepening

Panamax and future-calling Post-Panamax container vessels arriving to or departing from

Miami Harbor cannot fully load because of current channel depths. In the without-project
condition, this light loading of vessels will sustain current transportation costs. Deepening
the channel will allow vessels to more fully load, increasing efficiency. Benefits to

deepening are reduced transportation costs resulting from the partial or full elimination of
light loading.
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METHODOLOGY
GENERAL

National Economic Development (NED) benefits will be assessed for the alternatives
identified in the PROBLEMS/OPPORTUNITIES section following the methodology for
deep draft commercial navigation analysis described in the Economic and Environmental
Principles and Guidelines for Water and Related Land Resources Implementation Studies
and other relevant Corps of Engineers analyses and policy guidance.

Benefits equal the difference between without- and with-project transportation costs. All
costs are adjusted to the base year of the project, 2010, and are then converted to Average
Annual Equivalent (AAEQ) values using the Fiscal Year (FY) 2004 Federal discount rate of
5.625 percent, assuming a 50-year study period. All costs are at October 2003 price levels.
The benefits estimated for the separable elements of each alternative will be compared to its
cost to determine its economic justification. The plan that maximizes net benefits (benefits
less cost) is the National Economic Development (NED) Plan. The NED Plan is the Federal
recommended plan, and may or may not be equal to the locally preferred plan.

Specific procedures, assumptions and parameters for estimating vessel utilization savings
(deepening benefits), vessel operational time savings (delay reduction benefits), and benefits
during construction are discussed in the BENEFITS section of this Appendix under
BENEFIT ESTIMATION PROCEDURES/ASSUMPTIONS/PARAMETERS.

Please note that the same type of summary values in the tables presented herein, for example
total export short tons for 2000, may not exactly match each other due to the rounding of
values and/or to values obtained from different sources. These differences are insignificant
and as such do not affect the analysis.

DESIGN VESSELS

A design vessel represents the largest vessel class that is expected to call over the study
period of analysis. It is important to identify the design vessel(s) so that decision makers
can be reasonably confident that the significant study and project costs will result in a
channel design that will accommodate vessel traffic for the foreseeable future at Miami
Harbor. As previously discussed, Miami Harbor is a “clean port”; that is, it does not handle
bulk cargoes or potentially dangerous or hazardous cargos such as fuel oil. Accordingly,
only two types of vessels need to be considered: container ships and passenger (cruise)
ships.

To identify the design vessels, the following steps were taken: (1) the world fleet and ships
on order were reviewed using Lloyd’s Register of Ships CD ROM., which includes ships on
order through 2005; (2) future projections from companies like Clarkson’s Research Studies
were reviewed; and (3) cargo shipping companies and cruise ship companies were contacted
to get their assessment on the largest vessels that will call at Miami Harbor in the
foreseeable future.
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The container ship design vessel research focused on Maersk, as (1) it is the largest
container ship company in the world, (2) its fleet consists of the largest container ships in the
world, (3) its vessels provide liner service at the Port of Miami, and (4) its terminal
subsidiary, Universal Maritime, operates a terminal at the Port of Miami.

Maersk advised the District that the largest container ships that it would use at the Port of
Miami in the near-term future are its 6,600-TEU S-Class container ships that are 1,138.4
feet long with an extreme breadth 140.8 feet and a design draft of 47.6 feet. Maersk has 18
S-Class vessels in its fleet, which are currently deployed in the Europe-Far East trade and
the Far East-U.S. West Coast trade.

In 1998, Maersk tested the utilization of one ofits six 6,000-TEU K-Class container ships,
the REGINA MAERSK, at U.S. East Coast ports. The K-Class vessels are smaller than the
S-Class ones. They have a length of 1,044.1 feet, an extreme breadth of 140.4 feet, and a
design draft of 47.6 feet. The REGINA MAERSK could not call at Miami Harbor because
the Port lacked a turning basin to accommodate the vessel. With the construction of the
previously authorized 1,500-foot diameter Lummus Island Turning Basin in the without-
project condition, Post-Panamax container ships can call at Miami Harbor, albeit light-
loaded, prior to the base year of the project.

A review of the dimensions of every steamship company’s in-service and on-order (through
2004) container ship fleet in Lloyd’s Register of Ships demonstrated that the Maersk S-
Class vessels are representative of the largest container ships in the world fleet that will call
on a regular basis at Miami Harbor. Therefore, the SUSAN MAERSK was selected as the
container ship design vessel.

Lloyd’s Register of Ships was also reviewed for the selection of a cruise ship design vessel.
Based on the review, the Royal Caribbean International's VOYAGER OF THE SEAS was
selected as the design vessel for the study. It is 137,300 GRT, is 1,021 feet long, and has a
beam of 156 feet and a design draft of 28.2 feet. This cruise ship, which is currently calling,
is considered the largest cruise ship likely to call at Miami Harbor for the foreseeable future.
Presently, Royal Caribbean International has two VOY AGER-class ships calling a Miami
Harbor: the VOYAGER OF THE SEAS and the EXPLORER OF THE SEAS. The draft
requirement of the design vessel does not present a problem as the Main Channel has a
project depth of 36 feet. Modern cruise ships are designed with drafts that can be
accommodated by the shallow depths at their ports-of-call. However, the QUEEN MARY
I, which is scheduled for completion in 2003, will be 1,131 feet long with a beam of 131
feet and a design draft of 32.8 feet. Thus, the QUEEN MARY Il is 110 feet longer than the
VOYAGER OF THE SEAS, but its beam is 25 feet less. Because it is longer, and could
potentially call, the SUSAN MAERSK container ship with a length of 1,138 feet and a
beam of 141 feet was turned in the Main Channel Cruise Ship Turning Basin during the ship
simulation. There were no problems with turning the large container ship.

Because of the growth in cruises, channel improvements, as well as a Dodge Island turning
basin, are being considered for the Dodge Island Terminal Number 12 (south western side
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of Dodge Island). In November 2001, Celebrity Cruise Lines” HORIZON began utilizing
this terminal. The HORIZON is 682 feet long, with a beam of 96 feet, and a draft of 24 feet.
Based on discussions with the Port, the CARNIVAL DESTINY was selected as the design
vessel for this project alternative. The CARNIVAL DESTINY is 893.5 feet long, with a
beam of 116, and a draft of 27 feet.

The specifications of the design vessels are summarized below:

Container ship: SUSAN MAERSK.

Length Overall: 1,138.4 feet.

Extreme Breadth: 140.8 feet.

Maximum Draft: 47.6 feet.

Cargo Capacity: 6,600 TEUs reported by Maersk (6,418 TEUs reported in Lloyd’s Register
of Ships).

For Berths (Bays) 213 to 219 and 1 to 50 at northwest side of Dodge Island using the Main
Channel:

Cruise Ship: VOYAGER OF THE SEAS.

Length Overall: 1,020.7 feet.

Extreme Breadth: 155.5 feet.

Maximum Draft: 28.2 feet.

Passenger Capacity: 3,840.

For Berths (Bays) 183 to 195 at southwest side of Dodge Island using Fisherman’s Channel:
Cruise Ship: CARNIVAL DESTINY

Length Overall: 893.5 feet.

Extreme Breadth: 116.6 feet.

Maximum Draft: 27.2 feet.

Passenger Capacity: 2,642.
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BENEFITS
PORT AND INDUSTRY TRENDS

Cargo and Passengers

Historical Cargo Traffic

The direction of cargo movements for Miami Harbor for fiscal year 2000 is displayed in
Table A-6. As reported in the Port’s Performance Report (Statistical), September 2000,
57.18 percent of commodity movements were inbound (foreign imports and domestic
receipts). Of all inbound movements, 89.06 percent were foreign imports. Likewise, on the
outbound side, 94.72 percent were foreign exports. Thus, the origin of inbound cargo and
destination of outbound cargo are mostly foreign ports. Consequently, 91.48 percent of all
cargo was transported on foreign flag vessels.

As shown in Table A-7, historically the annual distribution of import and export tonnage
has been close with import tonnage representing only slightly more. Over the 10-year
period 1990 to 2000, import tonnage has averaged 52 percent of the total annual tonnage
with a tight range from 49.25 percent in 1992 to 57.18 percent in 2000. Slightly higher
import tonnage reflects the general U.S. trade deficit situation.

Table A-8 displays cargo traffic by trade region for fiscal year 2000. The South American
trade region recorded the most tonnage with 24.18 percent of all cargo tonnage. The
European trade region was a close second with 23.81 percent. The Central American and
Caribbean trade regions recorded 20.48 percent and 15.47 percent, respectively. The Far
East/Asia/Pacific trade represented 11.37 percent. Domestic, North American, trade
represented 4.10 percent; and Middle East/South West Asia/Africa represented 0.58 percent
of all tonnage in 2000. Thus, the Latin American and Caribbean trade region represented
60.14 percent of all cargo tonnage recorded at Miami Harbor. This trade region along with
the European and Far East trade regions represents 95.32 percent of all tonnage handled at
the Port. As shown in Table A-8, except for the Caribbean and South American trade
regions, import tonnage exceeds export tonnage.

Historical tonnage for these three trade regions for the 10-year period 1990 to 2000 is
displayed in Table A-9. These regions have historically represented about 96 (95.75)
percent of all tonnage handled at the Port. All three regions have experienced significant
positive growth for both the 10-year period as well as the 5-year period 1995 to 2000, except
for the Far East region. The negative growth in the Far East trade region is due to an
exceptionally high amount of tonnage in 1995, which skews the compound annual growth
rate. But, in fact the tonnage for the Far East trade region has remained stable from 1994 to
2000 when excluding the tonnage recorded in 1995, varying within a tight range of 805,330
short tons in 1998 to 887,509 short tons in 2000. The European trade region has
experienced the highest compound annual growth rates: 9.94 percent for the 10-year period
and 14.28 percent for the 5-year period.

The list of the top ten trade countries for Fiscal Years 1992 and 2000 are compared in Table
A-10. In 1992, the Latin American and Caribbean countries dominated with 50 percent of
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Table A-7: Historical Tonnage Export/Import (Short Tons)

Year| Export| % of Total] Import| % of Total Total
1990(1,579,809 43.99%12,011,128 56.01%3,590,937
1991 1,886,942 48.60%/1,995,342 51.40% 3,882,284
19922,332,873 50.75%12,263,608 49.25%14,596,481
1993|2,568,576 49.41%,2,629,716 50.59%15,198,292
199412,775,575 49.79%2,798,677 50.21%|5,574,252
199512,778,368 47.57%|3,062,447 52.43%5,840,815
1996|2,899,486 49.48%2,960,052 50.52%15,859,538
19973,364,124 49.95%|3,371,264 50.05%16,735,388
1998(3,480,397 49.32%13,576,267 50.68% (7,056,664
199913,190,769 46.04% 3,739,603 53.96%6,930,372
2000 3,341,760 42.82% 4,463,186 57.18%17,804,946
Compound
Annual
Growth
Rate
1990-2000, 7.78% 8.30% 8.07%
1995-2000, 3.76% 7.82% 5.97%
Source: Port reports.

Table A-8: Regional Cargo Traffic By Trade Region Fiscal Year 2000 (Short Tons)

% of Region % of Region
Region Export Total Import Total Total, % of Total
Caribbean 894,252 26.76%| 313,280 7.02%| 1,207,532 15.47%
Central America 719,388 21.53%| 879,169 19.70%] 1,598,557 20.48%
Europe 344,650 10.31%]) 1,513,975 33.92%] 1,858,625 23.81%
Far East, Asia,Pacific 278,311 8.33%] 609,198 13.65%} 887,509 11.37%
Middle East, SW Asia, Africa 9,042 0.27% 35,840 0.80% 44,882 0.58%
North America 78,347 2.34%) 242,043 5.42%| 320,390 4.10%
South America 1,017,768 30.46%| 869,682 19.49%| 1,887,450 24.18%
Total| 3,341,758 100.00%] 4,463,187 100.00%] 7,804,945 100.00%
42.82% 57.18% 100.00%
Source: State of the Port 2001, Port of Miami.
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Table A-12: Historical Number of TEUs

Year TEUs
1990 373,851
1991 408,034
1992 519,954
1993 572,170
1994 629,259
1995 656,175
1996 706,217
1997 761,183
1998 813,762
1999 777,821
2000 868,178
Compound
Annual
Growth
Rate
1990-2000 8.79%
1995-2000 5.76%
Source: State of the Port reports
and Performance Reports,
Port of Miami. |

Table A-13: Historical Number of Passengers

Year Passengers
1990 2,734,816
1991 2,928,532
1992 3,095,487
1993 3,157,130
1994 2,967,081
1995 2,974,703
1996 3,052,450
1997 3,191,885
1998 2,960,264
1999 3,112,355
2000 3,364,643
Compound
Annual
Growth
Rate
1990-2000 2.09%
1995-2000 2.49%
Source: State of the Port reports
and Performance Reports,
Port of Miami. |
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the top 10 import countries and 80 percent of the top 5 import countries. In 2000, there were
an equal number of countries from the European and Latin American and Caribbean trade
regions. This finding is consistent with the high compound annual growth rates for the
European trade region displayed in Table A-9. From 1992 to 2000, the list of top ten export
countries remained dominated by countries within the Latin American and Caribbean trade
region, which accounted for 9 of the top 10 countries and all 5 of the top 5 countries. The
only change is that an Asian trade region country, Japan, replaced Spain, a European trade
region country.

The list of top ten commodities for Fiscal Years 1992 and 2000 are compared in Table A-
11. The most significant difference between the two years for both imports and exports is
the inclusion of the cargo category General Cargo, N.O.S. (Not Otherwise Stated) for fiscal
year 2000. The amount this category represents, 45.17 percent of imports, and 63.07% of
exports, which accounts for its significance. Of the “stated”” commodities, the most
significant is the cargo category of Tiles, Marble & Granite found under imports. It is
significant because this commodity is an import from Europe (Spain and Italy), and has
increased from 223,352 short tons in 1992 to 544,486 short tons in 2000, or an increase of
144 percent. The significant growth in this cargo is an individual example of the significant
overall growth rate for commodities in the European trade region, as shown in Table A-9;
as well as the increase in the number of European countries in the top 10 import countries
displayed in Table A-10.

The historical total annual number of TEUs is displayed in Table A-12. Typically 70
percent are full containers. The compound annual growth rates are consistent with those for
tonnage displayed in Table A-7: 1990 to 2000, TEUs 8.79 percent, tonnage 8.07 percent;
1995 to 2000, TEUs 5.76 percent, tonnage 5.97 percent.

Historical Cruise Ship Passengers

The historical annual number of cruise ship passengers is shown in Table A-13 for the 10-
year period 1990 to 2000. The number of cruise ship passengers has increased by 629,827
passengers, or an increase of 23 percent from 1990 to 2000. This growth results in a
compound annual growth rate of 2.09 percent. Moreover, for the period 1995 to 2000, the
compound annual growth rate is slightly higher, 2.49 percent.

Future Container and Trailer Cargo Traffic

As shown in Table A-5, container and trailer cargo represents 97.4 percent of all cargo. The
remaining 2.6 percent consists of neobulk and breakbulk cargo. Historical growth rates for
these commodity types are displayed in Table A-14 for the 10-year period 1990 to 2000.
Container cargo grew from 2,225,152 short tons in 1990 to 4,827,102 short tons in 2000,
which represents a 117 percent increase, or a compound annual growth rate of 8.05 percent.
For the 5-year period 1995 to 2000, the compound annual growth rate was about 3 percent
lower (5.04 percent). This resulted from slower growth in export container trade for this
period (1.98 percent). Container imports demonstrated the most growth. From 1990 to
2000, the compound annual growth rate was 9.02%, and only about 2 percent lower for the
period 1995 to 2000.

28



The overall compound annual growth rates of 9.02 percent for imports and 6.46 percent for
exports are higher than the overall world and overall United States rates. As reported in
Lloyd’ Register’s Fairplay Market Forecast - Container (February 2000), “Containership
trade expansion has nearly doubled the world growth rate in the 1990s. Loaded TEU
volumes averaged just under 7 percent annual growth in the 1990s.” In “U.S. Industry &
Trade Outlook 20007, The McGraw-Hill Companies reported an annual growth rate in
United States liner import trade of 7.5 percent and 3.6 percent for United States liner export
trade for the period 1993 to 1999.

Historically, cargo growth has varied by trade region and by direction (origin/destination).
It is expected that cargo will continue to grow in a similar pattern in the future; that is, the
future will reflect, in part, the past, as no significant changes in the pattern of cargo traffic
are anticipated without or with the project. Historical export and import tonnage by trade
region is presented in Table A-15 and Table A-16, respectively. Using compound average
annual growth rates for exports and imports for each trade region rather than a single,
composite compound average annual growth rate for all cargo traffic will result in a more
accurate cargo projection by significantly reducing the uncertainty associated with using a
general composite rate.

Exports: Tonnage for the Caribbean, South America, Central America and Mexico are
combined into one category, Latin America and Caribbean. Cargo is shipped in both
containers and trailers. At the Port of Miami, all cargo shipped in trailers is within this
general trade region. As shown in Table A-15, export growth has been fueled by South
American trade (11.59 percent) from 1990 to 2000. However, slower growth (2.12 percent)
in this trade between 1995 and 2000 has offset significant average annual growth in the
Caribbean and Central American and Mexico trades: 11.87 percent and 11.92 percent,
respectively. The average annual rate of growth in exports to Europe is greater during the
second half of the period 1990 to 2000: 9.44 percent compared to 4.68 percent, respectively.
In contrast, exports to the Far East have a very high average annual growth rate (28.25
percent) for the period 1990 to 2000, but they have been positive but modest (0.47 percent)
from 1995 to 2000. Exports to the Middle East/South West Asia/Africa are marginal in
relative volume (9,042 short tons in 2000) and have demonstrated negative growth (-12.09
percent) from 1990 to 2000. North American exports are almost nonexistent until 1994,
when there was a major single-year increase in tonnage (314,615 short tons). In contrast,
the following year only 20,884 short tons were exported. From 1996 to 2000, North
American exports (shipments), which include U.S. domestic and Canadian cargo, have
recorded an average annual rate of growth of 3.78 percent, compared to the 28.56 percent
from 1995 to 2000, which is skewed by the relatively low tonnage recorded in 1995
compared to later years. Canadian trade tonnage is only about 13.4 percent of the North
American inbound trade; and 12.1 percent of all North American trade tonnage.
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Imports: As shown in Table A-16, imports for the Latin America and Caribbean trade
recorded a lower average annual growth rate than exports for the period 1990 to 2000: 6.14
percent compared to 7.37 percent. This is the result of modest (1.91 percent) annual growth
in Caribbean imports from 1990 to 2000, demonstrating no growth from 1995 to 2000, and
modest growth (0.59 percent) in the South America trade. In contrast, European imports
were robust over the period 1990 to 2000, and even stronger between 1995 and 2000,
recording average annual growth rates of 11.66 percent and 15.57 percent, respectively. Far
East imports were robust between 1990 and 2000, recording an average annual growth rate
of 8.14 percent. In contrast, for the period 1995 to 2000, the average annual growth rate was
—5.14 percent. This is due to the highest amount of import tonnage being recorded in 1995.
Using the period 1996 to 2000 results in a more accurate representation of the more recent
past, showing positive but modest average annual growth (0.84 percent). Imports in the
Middle East/South West Asia/Africa trade recorded a modest average annual growth rate
(1.78 percent) for the period 1990 to 2000, with a negative average annual rate (-15.76
percent) for the period 1995 to 2000. North American imports (receipts), which include
U.S. domestic and Canadian cargo, recorded robust average annual growth rates for both the
1990 to 2000 and 1995 to 2000 periods, 17.49 percent and 12.00 percent, respectively.

With respect to projecting future growth in cargo traffic, Corps guidance states: “Generally,
specific commodity studies are of limited value for projections beyond approximately 20
years. Given this limitation, it is preferable to extend the traffic projections to the end of
project life through the use of general indices on a regional and industry basis.” (Principles
and Guidelines, page 63). Historical cargo traffic trends and near-term general economic
activity indicators are used to project future cargo traffic over the project life consistent with
the guidance, which is intended to account for progressively greater levels of uncertainty.

National and regional economic indicators that are relevant to the general level of economic
active are presented in Table A-17. The indicators are average annual rates of change
(growth). Historical rates are shown for the period 1990 to 2000, as are near-term
forecasted rates for the period 2000 to 2010. This information was obtained from various
sources; for example, the estimated compound average annual growth trade for exports and
imports was obtained from an article entitled “The U.S. economy to 2010” the Monthly
Labor Review, November 2001, published by the U.S. Department of Labor.

The projected national average annual rates of change for exports and imports for 2000 to
2010, weighted per goods handled at Miami Harbor, are used as a guide to growth in export
and import cargo from 2001 to 2030 (year 20 of the project life). Specifically, the values are
used to set the upper boundary of the annual rate of change (growth) that any trade region
will experience on average. The maximum average annual growth rate was set 7.6 percent
for imports and 6 percent for exports. If the historical average annual rate of growth
exceeded this rate, it would be reduced to this level. For those regions that experienced
average annual growth rates less than this maximum, the historical (1990 to 2000) average
annual rate of growth was used through 2030.

Using this method of setting an upper growth rate parameter that represents a national
average, accounts for the distribution of future cargo traffic between U.S. East Coast ports.
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Specifically, the projected future cargo traffic at Miami Harbor is less likely to include a
shift of some cargo traffic from other U.S. East Coast ports.

Corps guidance recommends using “general indices on a regional and industry basis” after
year 20 of the project life. The Bureau of Economic Analysis (U.S. Department of

Commerce) was the main source of the long-term regional projections. However, it

discontinued preparing and publishing its OBERS projections in 1996. In lieu of these
projections, other general economic activity indicators were reviewed for the purpose of
projecting cargo growth after year 20 of the project life: national gross domestic product
(GDP), gross state product (GSP), and national, state and regional (Miami) personal income
and population growth. This economic data is presented in Table A-17. As noted in the
Table, national data was obtained from publications prepared by the Bureau of Economic
Analysis, BEA, (U.S. Department of Commerce) and the Bureau of Labor Statistics, BLS,
(U.S. Department of Labor); while state and regional data was obtained from the Bureau of
Economic and Business Research, BEBR, (University of Florida).

Table A-17: National and Regional Economic Indicators of Cargo Exports and Imports-Average
Annual Rate of Change (Growth

Weighted per

Weighted per

National - U.S.

All Goods

Miami Goods

All Goods

Miami Goods

Personal

GDP '

GSP?

Exports !

Exports g

Imports |

Imports s

Income '

Period

(real dollars)

(real dollars)

(real dollars)

(real dollars)

(real dollars)

(real dollars)

(current dollars)

Population

1990 - 2000

3.20

3.46

7.80

5.70

10.20

9.50

5.40

1.23°2

2000 - 2010

3.40

8.10

6.00

8.40

7.60

5.50

0.86*

2010 - 2020

0.81*%

2020 - 2030

0.78*

2030 - 2040

0.72°

2040 - 2050

0.68*

2050 - 2060

0.68*

Regional

Florida

1990 - 2000

3722

6.28 °

2117

2000 - 2010

6.45°

1.66°

2010 - 2020

7.01°

1.45°

2020 - 2030

1.19°

2030 - 2040

2040 - 2050

2050 - 2060

Miami PMSA

1990 - 2000

5.31°

1547

2000 - 2010

571°

1.46°

2010 - 2020

6.53°

1.14°

2020 - 2030

0.96°

2030 - 2040

2040 - 2050

2050 - 2060

" Bureau of Labor Statistics, U.S. Departme

nt of Labor.

? Bureau of Economic Analysi

s, U.S. Department of Comm:

erce.

® Compound average annual rates for cargo types specifically handled at the Port of Miami weighted by their relative tonnage

in fiscal year 1999.

* U.S. Census Bureau.

° Bureau of Economic and Business Research, University of Florida.

Unlike bulk commodities, like coal and petroleum products, containerized cargo traffic
growth does not correlate well with population growth. Commodities like coal for power
generation and gasoline for vehicle use have average annual growth rates of 1 to 2 percent in
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large urban areas, which have similar average annual population growth rates. However, for
ports serving major urban areas and hinterland markets, like Miami Harbor, historical (1990
to 2000) annual containerized cargo growth has been, on average, three times the annual
population growth rates, or approximately 6 to 8 percent compared to 1 to 2 percent. For
some trade regions, mainly Europe and Asia, the historical average annual growth rate for
containerized has exceeded 10 percent. A small portion of the growth in containerized
cargo is explained by the shipment of commodities previously shipped break bulk being
shipped in containers. But, the current difference between the rate of annual population
growth and containerized cargo growth is too great to use the projected annual population
growth rate for the containerized cargo growth rate after year 20 of the project period.

As shown in Table A-17, state and regional economic indicators (GSP, personal income and
population growth) have historically been equal to or slightly greater than the same national
values. This is true for near-term projections of personal income and population average
annual growth rates. Based on this fact, national GDP was selected as a general economic
indicator of the base level of economic activity for the Port of Miami that estimates that 70
percent of all cargo handled by the Port originates or is destined for the Miami area.

Accordingly, after 2030, the national GDP for the period 2000 to 2010, or 3.4 percent, is
used as a guide to projecting the average annual growth rate between 2030 and 2060. This
value represents roughly one-half (50 percent) of the compound average annual growth
rates set for imports (7.6 percent) and exports (6.0 percent): 44.7 and 56.6 percent,
respectively. As such, one-half of the expected average annual growth rates projected for
2001 to 2030 were assumed to be the upper boundary for the average annual rate of change
(growth) that any trade region would experience. For example, for a region with the
maximum upper boundary import rate of 7.6 percent for the period 2001 to 2030, its upper
boundary for the period 2030 to 2060, would be 3.8 percent, or slightly more (+0.4 percent)
than the GDP annual rate of change (growth) in real dollars projected for 2000 to 2010.
Regions with lower rates for 2001-2030 would have rates less than 3.8 percent. The
maximum upper boundary export annual rate is 3 percent or slightly less (-0.4 percent) than
the GDP annual rate of change (growth).

A modification of this procedure was used for North America. For North America, only
about 12 percent of the cargo is Canadian. So, all North American cargo is considered U.S.
domestic cargo for the analysis. Based on a review of U.S. Domestic/Miami Harbor
waterborne commerce for calendar year 2000, it was determined that almost all of the goods
are manufactured products (7900, not elsewhere classified). As such, the Labor
Department’s projected average annual rate of growth for durable goods, 4 percent, for the
period 2000 to 2010 is used for the rate of growth for the period 2003 to 2030 rather than the
projected export and import rates weighted for a variety of goods; and 2 percent or one-half,
for the period 2030 to 2060. The Port Authority provided actual cargo tonnage and TEUs
for 2001 and 2002. A summary of projected average annual rates of growth, as well as
effective average annual rates of growth, by trade region is presented in Table A-18.

As shown in Table A-18, the overall average annual growth rate for all regions is 4.72
percent for the period 2002 to 2060, and 4.47 percent over the project life, 2010 to 2060.
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In Table A-19, projected cargo traffic is displayed in TEUs. The number of TEUs handled
by the Port of Miami increases from 980,743 in 2002 (actual) to 14,251,029 in 2060.
Approximately 30 percent of the total TEUs are empty containers. Also shown in this table
is the relative proportion (percentage) of total TEUs each trade region represents. Over the
58 years the relative proportions change due to varying projected growth rates. Latin
America/Caribbean, Middle East and North America decline, while Far East and Europe
increase. The increase in European and Far East trade is consistent with current and
projected burgeoning market trends for countries within these general trade regions, for
example, Russia and Poland, China and Vietnam. Projected short tons are displayed in
Table A-20.
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Table A-19: Summary of Projected TEUs by Trade Region from 2002 to 2060

Latin
America & Far East Middle North All
Caribbean | Container| Trailer Container| Trailer (Asian) Europe East America Regions
TEUs TEUs TEUs TEUs TEUs TEUs TEUs TEUs TEUs TEUs | TEUs | TEUs | TEUs | TEUs TEUs TEUs Total
Year Full Full Full Empty Empty Empty Full Empty Full Empty Full | Empty| Full Empty Full Empty TEUs

2002 417,609] 129,459] 288,150 178,975| 55482| 123,493 85,592 36,682] 153,749 65,892 15,006| 6,470 14,475] 6,204 686,521} 294,223 980,743
2003 442,918| 137,305 305,614 189,822] 58,845 130,977 91,673 39,288] 164,522 70,510[15,281| 6,548 15,054] 6452 729,449| 312,621 1,042,069
2004 469,762| 145,626| 324,136 201,326 62,411 138,915 98,190 42,081 176,072 75,459 15,470, 6,630 15,656| 6,710 775,150| 332,207 1,107,357
2005 498233| 154,452| 343,781| 213,528] 66,194 147,334 105,176 45,075] 188,455 80,766| 15,662 6,712| 16,282] 6,978 23,80 353,060, 1,176,868|
2006 528,430| 163,813 364,616 226470 70,206 156,264 112663 48,284| 201,732 86,457)|15,857| 6,796| 16,934 7,257 75,61 375,264 1,250,879
2007 560,456) 173,742 386,715 240,195 74,461] 165,735 120,690 51,724| 215,970 92,558| 16,056 6,881| 17,611] 7,548 30,78 398,907 1,329,689
2008 594,425| 184,272| 410,153] 254,753] 78,973 175,780 129,294 55,412| 231,238 99,102( 16,259| 6,968 18,315] 7,849 89,53 424,084| 1,413,615
2009 630,452| 195440| 435,012} 270,193 83,760 186,433| 138,518 59,365| 247,613| 106,120/ 16,465 7,056] 19,048 8,163 1,052,096| 450,898 1,502,994
2010 668,663) 207,286| 461,378 286,570| 88,837 197,733| 148407 63,603 265,176 113,647|16,675 7,146] 19,810| 8,490 1,118,731| 479456, 1,598,187
2011 709,191| 219,849| 489,341 303,939 94,221 209,718 159,010 68,147| 284,016 121,721|16,888 7,238| 20,602| 8,830 1,189,706] 509,874, 1,699,580

2012 752,175| 233,174| 519,000] 322,360 99,93 2,429) 170,377 73,019 304,226| 130,382|17,105| 7,331} 21,426 9,183| 1,265,309| 542,275| 1,807,584
2013 797,764) 247,307| 550,457 341,899 105,98 5,910) 182,565 78,242| 325,907| 139,674|17,326| 7,426| 22,283 9,550| 1,345,846( 578,791} 1.922,637
2014 846,118) 262,296| 583,821 362,621| 112,41 0,208 195,634 B83,843| 349,169| 149,644|17,552| 7,522| 23,175 9,932| 1.431,647{ 613,562 2,045,209
2015 897,402] 278,195 619,207| 384,600 119,221 65,374 209,648 89,849| 374,128 160,340|17,781| 7,620[ 24,102 10,329| 1,523,061) 652,740| 2,175,800

2018 951,795| 295,056| 656,739 407,912 126,453| 281,459] 224,676 96,290 400,910| 171,818 18,014 7,720| 25066 10,742 1,620,461 694,483| 2,314,943
2017 | 1,009.486| 312,941 696,545 432,636| 134,117 298,519] 240792 103,196| 429,650 184,136|18,251| 7,822] 26,068| 11,172 1,724,247 738962| 2,463,210
2018 ) 1,070,673] 331,909 738,765| 458,860 142,246 316,613| 258,075 110,603] 460,494 197,354|18,493| 7,925 27,111 11,619 1,834,846 786,362] 2,621,207,
2019 | 1,135570] 352,027| 783,543 486,672 150,868) 335804| 276,610| 118,547 493,597 211,541(18,739) 8,031 28,196) 12,084| 1,952,711 836,875| 2,789,587
2020| 1204401 373,364 831,037 516,171 160,013] 356,158| 296,489 127,067 529,127| 226,769|18,989| 8,138 29,323] 12,567| 2,078,330| 890,712] 2,969,042
2021 | 1,277.405] 395996| 881.410| 547,459 169,712] 377,747| 317,810| 136,204| 567,265 243,113[19,244| 8,247 30,496| 13,070 2,212,220| 948,093| 3,160,314]
2022 1,354,834] 419,999] 934,836] 580,643 179,999] 400,644| 340,679] 146,005] 608,204] 260,659|19,503| 8,358] 31,716] 13,593] 2,354,937|1,009,258] 3,364,195
20231 1,436,958 445457| 991,501| 615,838] 190910 424,929| 365210 156,518| 652,153] 279,494|19,767| 8471| 32,985 14,136 2,507,072] 1,074,458] 3,581,530
2024 ] 1,524,060! 472,459 1,051,601| 653,168] 202482 450,686] 391522 167,795| 699,335 299,715/20,035] 8587| 34,304 14,702| 2,669,257| 1,143,966| 3,813,223
2025 | 1,616,442] 501,097|1,115,345| 692,760 214,75! 478,005| 419,748 179,892 749,992) 321,425(20,308) 8,704 35676] 15290 2,842,167| 1,218,070| 4,060,237
2026 | 1,714.425] 531,472|1,182,953| 734,753) 227,77 506,979| 450,027 192,869 804,382| 344,735[20,587} 8,823| 37,103| 15,901| 3,026,525| 1,297,081| 4,323,605
2027 1,818,348 563,688 1,254,660| 779,201| 241,580 537,711| 482511 206,790| 862,784| 369,764|20,870; 8,944] 38,588| 16,538 3,223,100|1,381,327| 4,604,427
2028 1,928,571| 597,857| 1,330,714 826,530| 256,224 570,306| 517,359| 221,725| 925,496 396,641]/21,158] 9,068 40,131 17,199 3,432,716| 1,471,162 4,903,878
2029 | 2,045,477 634,098)1411,379| 876,632] 271,756 604,876| 554,747| 237,749| 992,841| 425503|21,451] 9,193 41,736 17,887} 3,656,253| 1,566,964| 5,223,216
2030 | 2,107,474 653,317 1,454,157 903,202| 279,993| 623,209| 574,804| 246,344|1,029,002| 441,000/21,601| 9,257 42,571| 18,245; 3,775.451| 1,618,049] 5,393,500
2031 2,171,350 673,118 1,498,231| 930,577| 288,479| 642,098| 595,592| 255,254|1,066,501] 457,071|21,751] 9,322| 43,423, 18,610; 3,898,616| 1,670,834| 5,569,450
2032 2,237,162| 693,520| 1,543,642| 958,783 297,223| 661,560] 617,139] 264,488} 1,105,387 473,737(21,903] 9,387 44,291] 18,982| 4,025,882| 1,725,376 5,751,258
2033 | 2,304,986 714,540| 1,590,429| 987,843 306,231 681,612 639,471| 274,059)1,145,713] 491,019|22,056| 9.453| 45177] 19,361] 4,157,386|1,781,735] 5,939,121
2034 | 2,374,83; 736,198( 1,638,634 1,017,784 5,513| 702,271| 662,619| 283,979|1,187,531) 508,941|22,211| 9,519] 46,080] 19,749 4,293,273} 1,839,972 6,133,246
2035 | 2,446,81 758,512| 1,688,300 1,048,633 325,076 723,557 686,612| 294,262 1,230,899 527,527|22,367| 9.586| 47,002\ 20,144 4,433,692| 1,900,152 6,333,844
2036 | 2,520,974| 781,502[1,739,472| 1,080,417 4,929) 745487| 711,481 304,920| 1,275,873 546,802|22,524| 9,653| 47,942 20547 4,578,795 1,962,339 6,541,134
037 | 2,597,385 805,189 1,792,196| 1,113,164| 345,081 768,083| 737,259 315968 1,322,514 566,791|22,683] 9,721] 48,901] 20,957| 4,728,742| 2,026,602| 6,755,344
038 | 2,676,112) 829,505 1,846,517| 1,146,904| 355,540| 791,364 763,978| 327,419( 1,370,885 587,521(22,844| 9,790| 49,879 21,377| 4,883,697|2,093,011| 6,976,708
039 | 2,757,225| 854,740| 1,902,485/ 1,181,667| 366,317| 815350 791.673| 339,288( 1,421,049 609,021(23,005| 9,859] 50,876 21,804| 5,043,829(2,161,639] 7,205,468
040 | 2,840,798| 880,647) 1,960,150 1,217,483 377,420 840,064 820,381 51,592 1,473,075) 631,317/ 23,168) 9,929 51,894| 22,240| 5,209,316|2,232,562| 7,441,878
041 | 2,926,903) 907,340| 2,019,563) 1,254,386| 388,860| 865,526 850,139 64,345) 1,527,031] 654,441 23,333 10,000| 52,932| 22,685 5,380,338) 2,305,857| 7,686,195
2042 | 3,015,619) 934,842| 2,080,777} 1,292,407| 400,646, 891,761 880,985 77,564 1682,991| 678,424 23,499 10,071 53,990| 23,139| 5,557,084| 2,381,605 7,938,689
2043 | 3,107,025 963,178|2,143,847| 1,331,581| 412,790, 918,791| 912,959 91,268| 1,641,028 703,297| 23,666} 10,143| 55,070| 23,602| 5,739,748|2,459,890| 8,199,638
2044 | 3201,201) 992,372|2,208,829| 1,371,942| 425,302 946,640 946,103| 405,472| 1,701,222 729,094|23,835| 10,215| 56,172| 24,074| 5928,532| 2,540,797 8,469,329
2045 | 3,298,232| 1,022,452 2,275,780| 1,413,527) 438,193| 975,333| 980,460 420,197) 1,763,652 755,850|24,006] 10,288| 57,295 24,555| 6,123,645| 2,624,417 8,748,061
2046 | 3,398,205) 1,053,443| 2,344,761| 1,456,372] 451,475| 1,004,897| 1,016,075 435,460| 1,828,402 783,600| 24,178] 10,362| 58,441| 25046| 6,325,301]2,710,840| 9,036,141
2047 | 3,501,208 1,085,375 2,415,834| 1,500,516] 465,160| 1,035,356| 1,052,994 451,283| 1,895,560 812,382|24,351| 10,436 59,610] 25547| 6533,723|2,800,164| 9,333,888
2048 | 3,607,334| 1,118,274| 2,489,060| 1,545,999 479,260| 1,066,739 1,091,265 467,684| 1,965,216 842,235(24,526| 10,511| 60,802| 26,058{ 6,749,143| 2,892,487 9,641,630,
2049 | 3,716,677| 1,152,170) 2,564,507 | 1,592,860| 493,787| 1,099,073| 1,130,938| 484,687 2,037,463 873,198)24,703| 10,587| 62,018] 26,579] 6,971,799|2,987,911| 9,959,710
2050 | 3,829,335) 1,187,094 2,642,241| 1,641,142} 508,754| 1,132,388| 1,172,065| 502,313 2,112,399 905,313 24,881| 10,663| 63,258 27,111] 7,201,938 3,086,542| 10,288,480
2051 | 3,945,408| 1,223,077 2,722,332| 1,690,888; 524,175 1,166,712 1,214,699 520,585| 2,190,124| ©38,623|25,061| 10,740 64,524 27,.653| 7,439,815| 3,188,489| 10,628,305
2052 | 4,065,000| 1,260,150] 2,804,850 1,742,141| 540,064) 1.202,077| 1,258,896 539,526| 2,270,742 973,174|25,242| 10,818| 65,814| 28,206| 7,685,695| 3,293,866 10,979,562
2053 | 4,188,218 1,298,348 2,889,870] 1,704,949 556,434 | 1,238,515| 1,304,714 559,163| 2,354,364/ 1,009,012| 25,425 10,897] 67,130 28,770| 7,939,851] 3,402,790| 11,342,641
054 | 4,315,171| 1,337,703/ 2,977,468] 1,849,357 573,301| 1,276,056} 1,352,213| 579,519( 2,441,100{ 1,046,185] 25,610| 10,976| 68,473 29,346] 8,202,566 3,515,382| 11,717,949
055 | 4,445,972) 1,378,251 3,067,721) 1,805,415] 590,679 1,314,736] 1,401,453| 600,622| 2,531,069| 1,084,743|25,796| 11,056| 69,842 29,932 8,474,133] 3,631,768] 12,105,901
056 | 4,580,739) 1,420,029| 3,160,710 1,963,172| 608,583 1,354,589/ 1,452,501| 622,500 2,624,391 1,124,738( 25,984/ 11,136| 71,239 30,531| 8,754,855 3,752,077 12,506,932
057 | 4,719,592| 1,463,074| 3,256,519| 2,022,680 627,031| 1,395,649| 1,505,422 645,180] 2,721,193{ 1,166,224(26,174| 11,217| 72,664| 31,142| 9,045,045 3,876,444] 12,921,489
2058 | 4,862,654| 1,507,423| 3,355,231 2,083,993 646,038) 1,437,955| 1,560,286 668,694| 2,821,604 1,209,258| 26,365] 11,298| 74,117 31,765| 9,345,027| 4,005,008| 13,350,035
2059 | 5,010,054{ 1,553,117| 3,456,937 2,147,164 665,621| 1,481,543| 1,617,165 693,070 2,925,761] 1,253,896| 26,558| 11,382 75,600] 32,400| 9,655,138| 4,137,912| 13,793,050
2060 ] 5,161,922( 1,600,196| 3,561,726 2,212,250 685,797| 1,526,452| 1,676,133 718,342] 3,033,805/ 1,300,201 26,753} 11,465 77,112] 33,048 8,975,723] 4,275,306/ 14,251,029

2060 Total 7.374,171 2,394,475 4,334,005 38,218 110,159] 14,251,029
% of Total 51.74% 16.80% 30.41% 0.27% 0.77% 100.00%)|

2002 Total 596,584| 122,275 219,641 21,565 20,678 980,743
% of Total 60.83% 12.47% 22.40% 2.20% 2.11% 100.00%

Notes: (1) 2002 is |atest complete fiscal year of reported cargo from Port records.

(2) 2010 is the Base Year of the study period. (3) Approxil 12 short tons (12.33) overall per full TEU.
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Table A-20: Summary of Total Short Tons by Trade Region from 2000 to 2060

Latin
America & | Far East Middle North All
Caribbean | (Asian) Europe East America Regions
Total Total Total Total Total Total

Year | Short Tons | Short Tons | Short Tons | Short Tons | Short Tons| Short Tons
2000 4,693,539 887,509| 1,858,625 44,882 320,391] 7,804,946
2001 5,072,892 954,163| 1,817,706 62,981 339,262 8,247,004
2002 5,281,079] 1,082,402| 1,944,306 190,899 183,049 8,681,735
2003 5,601,144 1,159,296| 2,080,549 193,243 190,371| 9,224,603
2004 5,940,609 1,241,712] 2,226,607 195,630 197,986| 9,802,543
2005 6,300,651 1,330,050] 2,383,201 198,058 205,905| 10,417,865
2006 6,682,516] 1,424,739 2,551,105| 200,530 214,141] 11,073,032
2007 7,087,528] 1,526,242 2,731,151 203,046 222,707| 11,770,674
2008 7,517,091| 1,635,051 2,924,233] 205,607 231,615] 12,513,598
2009 7,972,692 1,751,700 3,131,311 208,213 240,880 13,304,796
2010 8,455,810 1,876,757| 3,353,418 210,866 250,515| 14,147,465
2011 8,968,419 2,010,833] 3,591,661 213,566 260,536 15,045,015
2012 9,511,995 2,154,586| 3,847,234 216,314 270,957| 16,001,087
2013 |10,088,522{ 2,308,721| 4,121,416] 219,111 281,796| 17,019,565
2014 | 10,699,997| 2,473,992| 4,415,584| 221,957 293,067 18,104,598
2015 | 11,348,538| 2,651,213] 4,731,217| 224,855 304,790 19,260,613
2016 12,036,394| 2,841,254| 5,069,904| 227,804 316,982| 20,492,337
2017 ] 12,765,948 3,045,051| 5,433,354 230,805 329,661 21,804,819
2018 113,539,727| 3,263,609| 5,823,402 233,860 342,847 23,203,446
2019 | 14,360,414 3,498,005| 6,242,024| 236,969 356,561 24,693,973
2020 ]15,230,851| 3,749,397| 6,691,339| 240,134 370,824| 26,282,545
2021 16,154,056| 4,019,027| 7,173,629| 243,354 385,657 27,975,723
2022 17,133,227| 4,308,230| 7,691,344| 246,633 401,083| 29,780,517
2023 | 18,171,759| 4,618,437 8,247,120| 249,969 417,126| 31,704,411
2024 119,273,249] 4,951,187 8,843,788| 253,365 433,811 33,755,400
2025 20,441,515 5,308,132| 9,484,393| 256,821 451,164| 35,942,025
2026 | 21,680,606| 5,691,043| 10,172,210 260,339 469,210| 38,273,408
2027 | 22,994,816| 6,101,825| 10,910,756 263,920 487,979 40,759,296
2028 | 24,388,700| 6,542,522| 11,703,815 267,564 507,498| 43,410,099
2029 |25,867,089| 7,015,329|12,555,454| 271,273 527,798 46,236,944
2030 | 26,651,098] 7,268,967| 13,012,751 273,161 538,354| 47,744,330
2031 27,458,872| 7,531,855| 13,486,961 275,065 549,121] 49,301,873
2032 28,291,132 7,804,332) 13,978,716 276,987 560,103| 50,911,271
2033 | 29,148,621] 8,086,752| 14,488,673 278,925 571,305| 52,574,276
2034 | 30,032,104| 8,379,479} 15,017,511 280,881 582,731| 54,292,706
2035 |30,942,368| 8,682,893| 15,565,936 282,854 594,386 56,068,437
2036 | 31,880,225 8,997,386 16,134,682 284,844 606,274| 57,903,411
2037 | 32,846,513| 9,323,366| 16,724,507 286,853 618,399| 59,799,638
2038 133,842,092 9,661,256| 17,336,200 288,879 630,767| 61,759,195
2039 | 34,867,852| 10,011,494| 17,970,580 290,923 643,382| 63,784,232
2040 | 35,924,707| 10,374,534| 18,628,495 292,986 656,250] 65,876,972
2041 37,013,599) 10,750,848( 19,310,827 295,067 669,375| 68,039,716
2042 | 38,135,500{ 11,140,924| 20,018,490 297,166 682,763| 70,274,843
2043 | 39,291,412{ 11,545,270| 20,752,432 299,284 696,418 72,584,815
2044 | 40,482,364/ 11,964,410| 21,513,637 301,421 710,346| 74,972,178
2045 | 41,709,420 12,398,890| 22,303,128 303,577 724,553| 77,439,568
2046 | 42,973,674 12,849,275| 23,121,963 305,752 739,044 79,989,708
2047 | 44,276,253) 13,316,152| 23,971,243 307,946 753,825| 82,625,420
2048 | 45,618,321} 13,800,128) 24,852,109 310,160 768,902| 85,349,620
2049 | 47,001,073 14,301,835] 25,765,744 312,394 784,280| 88,165,326
2050 | 48,425,745/ 14,821,925 26,713,378 314,647 799,965| 91,075,660
2051 49,893,605( 15,361,077| 27,696,287 316,921 815,965| 94,083,854
2052 | 51,405,965| 15,919,994 28,715,792 319,215 832,284| 97,193,250
2053 | 52,964,173| 16,499,407]| 29,773,267 321,529 848,930| 100,407,305
2054 | 54,569,619{ 17,100,070 30,870,137 323,864 865,908| 103,729,598
2055 | 56,223,736 17,722,769} 32,007,880 326,220 883,226] 107,163,832
2056 | 57,927,999| 18,368,318| 33,188,032 328,596 900,891] 110,713,836
2057 | 59,683,929 19,037,560| 34,412,183 330,994 918,909| 114,383,575
2058 | 61,493,092| 19,731,371| 35,681,986 333,413 937,287| 118,177,149
2059 | 63,357,103| 20,450,658| 36,999,156 335,854 956,033] 122,098,803
2060 | 65,277,624 21,196,363| 38,365,471 338,316 975,153| 126,152,927
Average 4.43% 5.26% 5.28% 0.99% 2.93% 4.72%
Annual
Rate of
Growth
Notes: (1) 2002 is latest complete fiscal year of reported cargo from Port records.
(2) 2010 is the Base Year of the study period. \
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Future Neobulk and Breakbulk Cargo Traffic

As shown in Table A-5, neobulk and breakbulk (“Other”) cargo represent 2 to 3 percent of
all tonnage handled at the Port. Lumber, steel reinforcing bars, and paper are examples of
this type of cargo. As shown in Table A-14, these commodity types have experienced
overall negative growth: 1990 to 2000, -4.29 percent; 1995 to 2000, -6.68 percent.
However, imports for the period 1995 to 2000 had a positive compound annual growth rate,
11.07 percent. Many of these commodities are dependent on construction activity, which is
dependent on population growth and the general level of business activity and expansion.
As such, it is anticipated that future compound annual growth rate for neobulk and
breakbulk cargo will be between 1 and 2 percent for imports, while no growth is predicted
for exports. Because neobulk cargo and breakbulk cargo represent such a small portion of
the overall cargo handled at the Port of Miami, they have an insignificant impact on current
and future cargo and vessel traffic at the Port. Accordingly, for the analysis, neobulk cargo
and breakbulk cargo are not analyzed separately, but are accounted for by including them in
containerized cargo. Specifically, tonnage associated with these cargo types is accounted
for in the projected future TEUs displayed in Table A-19. This is a reasonable
simplification as more and more neobulk and breakbulk cargos are being shipped in
containers. It should be noted that this procedure does not impact deepening benefits, as this
cargo is not transported on draft-constrained vessels. However, vessels carrying this cargo
would be part of the calculations for vessel delay reduction benefits.

Future Cruise Ship Passengers

It is assumed for this analysis that the compound annual growth rate for cruise ship
passengers will be 2 percent, the same as the historical compound annual growth rate for the
10-year period, 1990 to 2000, displayed in Table A-13.

Fleet

Container Ships (Containerized Cargo)

Current Trade Routes and Vessel Itineraries

The trade routes and vessel itineraries were reviewed to identify general patterns for the
container ships calling at Miami Harbor. For the European, Mediterranean, and Asian trade
regions, the overall general itinerary pattern is that Miami Harbor is part of an itinerary in
which it is not the originating port, nor is it the first or the last port of call. This pattern is
generally true for the U.S. ports within the itineraries, but there are exceptions where Miami
Harbor is the first, or the last U.S. port of call. The container ships are mainly foreign-flag,
Panamax size, with a cargo capacity of 2,500- to 4,500-TEUs. These general vessel
itineraries are generally applicable to the Latin American and Caribbean trade routes.
However, in contrast to the European, Mediterranean, and Asian trade routes, Miami Harbor
is the port of origin within the itinerary. The container ships are also mainly foreign-flag,
but are smaller in size than those on the European, Mediterranean, and Asian trade routes.
The maximum cargo capacity is 3,700 TEUs. Moreover, all cargo handled at the Port of
Miami that is carried on Roll-on/Roll-off (Ro-Ro) vessels is traded within the Latin
American and Caribbean regions.
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European export cargo destined for the United States east coast ports is usually carried on
container ships that typically call first at Halifax, Canada, or New York/New Jersey, United
States. These container ships then call at ports along the U.S. east coast discharging import
cargo and loading export cargo. With respect to Miami’s position in the itinerary, at this
time Charleston is typically the prior port of call. After calling at Miami, the itineraries

vary.

If Gulf service is included, vessels call at New Orleans and/or Houston, then call at Freeport
(Freeport Container Terminal, Grand Bahamas Island), or call at a U.S. East Coast port
(Charleston or Savannah), from which they transit back to Europe with U.S. containerized
cargo. Alternatively, after departing Miami, the container ships sail to U.S. Gulf ports (New
Orleans and/or Houston), then call at ports in Mexico, like Vera Cruz or Alta Mira, then call
at Freeport or a U.S. East Coast port prior to returning to Europe with U.S. and Latin
American containerized cargo.

If Gulf service is not involved, the container ships tend to go from Miami directly to Europe
or to Freeport, and then return to Europe.

In some cases, after calling at Miami, the container ships will call at Manzanillo
International Terminal at Cristobal, Panama (Atlantic side of the Panama Canal). In this
case, the itinerary is a world all-water itinerary in which European, U.S., and Latin
American containerized cargo is shipped on the westbound transit and Asian, U.S., and
Latin American containerized cargo is shipped on the eastbound transit. In this itinerary, for
the westbound transit, the vessel sails from Europe to U.S. East Coast ports, then calls at
Manzanillo International Terminal prior to transiting the Panama Canal. After transiting the
canal, the vessel typically calls at Manzanillo, Mexico, before calling at a U.S. West Coast
port, such as Long Beach. From the U.S. West port, the container ship sails to Asian ports
at which it loads cargo prior to sailing east to U.S. West Coast ports. It then sails to
Manzanillo, Mexico, transits the Panama Canal, then calls at U.S. East Coast Ports prior to
returning to Europe.

Except for vessels that transit the Panama Canal, the only potential constraint to the efficient
utilization of Post-Panamax container ships would be the depth at United States East Coast
ports.

Container ships in the Mediterranean/United States East Coast Container Trade have
itineraries that are similar to the itineraries in the European/United States East Coast
Container Trade. There is one significant difference. Some of the Mediterranean itineraries
are actually part of an Asia/Mediterranean/United States East Coast itinerary, which
includes transiting the Suez Canal.

Since the vessels in the Mediterranean/U.S. East Coast trade do not transit the Panama
Canal and since the Suez Canal has a maximum vessel draft of 56 feet, the only potential
constraint to the efficient utilization of Post-Panamax container ships would be the depth at
United States East Coast ports.
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Asian containerized cargo arrives at United States East Coast ports on container ships that
have either transited the Panama Canal or the Suez Canal. Container ships transiting the
Suez Canal typically stop at Mediterranean ports; then continue on to United States East
Coast ports (Asia/Mediterranean/United States East Coast itinerary). The altermnative
itinerary includes transiting the Panama Canal, where Miami Harbor is often the first U.S.
Fast Coast port-of-call. Currently, container ships using the Panama Canal are limited in
size to Panamax vessels. Without canal improvements, the only way to currently use Post-
Panamax container ships is to transship cargo at the port of Balboa on the Pacific side of the
canal, and/or transship cargo at the Manzanillo International Terminal on the Atlantic side.
Containers would be transferred from the Post-Panamax container ships to either smaller
vessels that can transit the canal or rail cars for land transshipment. However, there are
plans to modify the locks and channel to accommodate Post-Panamax vessels. If funding is
provided and an engineering solution is developed for expanding the fresh water supply
required for the operation of the larger locks, it is estimated that the Panama Canal could be
capable of handling Post-Panamax vessels by 2010.

Latin American and Caribbean trade represents a significant portion of Miami Harbor’s
cargo activity. Latin American trade includes ports in Mexico, Central and South America.
The vessel itineraries in this trade form a pattern that is similar to those in the European,
Mediterranean, and Asian trade routes, except that in some itineraries, Miami Harbor is the
originating port. The typical pattern is for the container ships to combine calls at various
U.S. East Coast ports and Latin American and/or Caribbean ports. Most often, a shipping
company will have a separate itinerary for the west and east coasts of South America. The
itineraries that involve the west coast of South America include a transit through the Panama
Canal. Because of the relatively shallow harbor depths and the absence of landside gantry
cranes at ports in Latin America and the Caribbean, the container ships usually have
onboard cranes for cargo handling. Moreover, because of the site conditions at the ports and
the onboard cranes, the container ships are smaller than those used in the European,
Mediterranean, and Asian trade routes. Furthermore, the lack of landside gantry cranes is
also the reason for the extensive use of Roll-on/Roll-off (RoRo) vessels, which carry trailers,
as well as containers.

Trends

There are three containerized cargo industry trends: (1) the formation of partnerships among
the shipping companies to share vessels to reduce available container slots on certain trade
routes to increase rates, which have been depressed by excess capacity; (2) shipping
companies consolidating their operations at a single port to reduce administrative and
logistical costs; and (3) utilization of larger container ships to reduce unit transportation
costs.

Shipping companies have been forming alliances and partnerships. For example, there is the
Grand Alliance that includes NYK Line, Hapag-Lloyd, P&O Nedlloyd, and Orient Overseas
Container Line (OOCL); the New World Alliance consists of Mitsui O.S.K. Lines, Neptune
Orient Lines, and Hyundai Merchant Marine; the MSC-ACL that includes Mediterranean
Shipping Company and Atlantic Container Line; and Cosco-Yang Ming-“K’’ Line that
consists of China Ocean Shipping Company, Yang Ming Line, and Kawasaki Kisen Kaisha.
The alliance between Maersk and Sealand worked so well that the companies merged.
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In the partnerships, or alliances, the shipping companies operate under a Vessel Sharing
Agreement (VSA). Under a VSA, the total number of container slots is distributed among
the steamship companies. Each company pays for a fixed number of container slots. Thus,
the cost of the container slots is the same whether full or empty containers are carried.
These VSAs are designed to reduce the number of vessels deployed in a given trade region.
The reduction in the number of available container slots increases rates, as the supply of
slots is more in line with the demand for them.

Some shipping companies have been consolidating their operations at a single port to reduce
administrative and logistical costs. A shipping company’s announcement that it intends to
develop a hub port generates keen competition among ports due to the long-term revenues
generated by this business, even though significant infrastructure expenditures are usually
required. For example, after months of negotiations, Maersk Sealand selected the port of
New York/New Jersey as its North American East Coast hub in May 1999, disappointing
the other final candidates: the ports of Baltimore, and Halifax, Canada.

The current world cellular container ship fleet and cellular container ships on order are
displayed in Table A-21 and Table A-22, respectively. To illustrate the trend toward the
utilization of larger containerships, as of April 2001, 5000+ TEU container ships
represented 4.01 percent of the world fleet; yet they represented almost 24.62 percent of the
container ships on order. Moreover, there are no 7000+ TEU container ships in the world
fleet, but there are six on order. It is anticipated that this trend toward the utilization of
larger container ships will continue, and as such, the container ships deployed in the Atlantic
trade will likewise increase in size. Hence, it is anticipated that in the future larger
containerships will call at Miami Harbor; specifically, the current Panamax container ships
will be replaced by Post-Panamax container ships.

As shown in Table A-21 and Table A-22, there are 105 Post-Panamax (5000+TEU)
container ships in the world cellular (containers only) containership fleet; and 82 are on
order. There are 37 6000+ TEU container ships in the world fleet. Of the 37, Maersk
Sealand owns and operates 21, which until recently were solely employed in the Europe-
Asia trade, transiting the Suez Canal. In August 2002, Maersk Sealand began using SUSAN
MAERSK-size (S-class) Post-Panamax container ships in an Asian/U.S. West Coast
itinerary, calling at its new terminal at the Port of Los Angeles. The other 16 6000+ TEU
container ships are owned and operated by companies like P&O Nedlloyd and Hapag-
Lloyd. There are 44 6000+ TEU container ships on order. Even larger TEU container ships
are anticipated: “Experts believe that ship sizes between 10000- and 12000-TEU can be
anticipated in the future, although practical considerations seem to preclude an advance in
the medium-term to drafts greater than 50 feet or 15.3 meters” (New Dimension for Hapag-
Lloyd, Maritime Reporter/Engineering News, May 2001). Based on this trend toward larger
container ships, Maersk Sealand’s SUSAN MAERSK was selected for the design vessel for
the economic analysis. The SUSAN MAERSK has 1,138-foot length over all (LOA), a
maximum beam of 140.8 feet, and a maximum design draft of 47.6 feet. It has a beam that
is approximately 35 feet greater than the current Maersk Sealand container ships calling at
Miami Harbor.
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As the larger container ships are deployed in a trade route, they replace the existing smaller
ones, which are deployed in another trade route. The largest container ships are deployed in
the East-West Atlantic and Pacific trades. As larger container ships replace those deployed
in the Fast-West Atlantic and Pacific trades, the now smaller container ships are deployed in
the North-South Atlantic trade, for example. An industry expert from one of the major
shipping companies said in an interview that based on his company’s container ship class
development history, he expects 10000 TEU container ships to be deployed between Europe
and a U.S. hub port by 2004. Drewry Shipping Consultants predict that 12000 TEU
container ships will inter the East-West trade “during the later part of this decade
(2008/2009), once the ports/terminal operating companies have made the necessary
investments in new equipment, berths, etc to handle them” (Post-Panamax Containerships —
The Next Generation, Drewry Insight, August 2001).

Given that so many Post-Panamax container ships are being built, it is assumed that Post-
Panamax container ships will be deployed on the East-West Atlantic trade route, with calls
at select “hub” U.S. East-Coast ports, before the base year (2010) of the Miami Harbor
project; it is also assumed that some itineraries will include calis at select “non-hub” U.S.
ports in the North-South trade. Based on current itineraries and the volume of cargo traffic
at Miami Harbor, it is reasonable to assume that Miami Harbor will be part of the initial
transition from Panamax to Post-Panamax container ships. Accordingly, it is assumed for
this analysis that the Panamax container ships currently calling at Miami Harbor as part of
the European, Mediterranean, and Asian trade will be gradually replaced by Post-Panamax
container ships over the study period beginning prior to the base year (2010) of the study.

Containerized cargo in the U.S. East Coast/Far East trade can be transported by way of the
Panama Canal or the Suez Canal. Because Post-Panamax container ships are too large to
transit the Panama Canal, they would use the Suez Canal, which is the most cost effective
alternative transportation route. For Post-Panamax container ships to use the Panama Canal
route, the locks would have to be enlarged or transshipment at ports at each end of the
Panama Canal would have to be used. Specifically, cargo would have to be transshipped at
ports on the Atlantic and Pacific side of the Canal, Manzanillo and Balboa, respectively, if
the size of the canal locks were not increased. The ports of Manzanillo and Balboa,
Panama, have been developed for transshipment. Both have harbor depths and equipment to
handle Post-Panamax container ships. For example, Manzanillo International Terminal
currently has an access channel depth of 46 feet and six Post-Panamax rail mounted gantry
cranes.

Most containerized cargo imported from Asia arrives at U.S. West Coast ports, such as
Long Beach and Oakland, and is transshipped by rail or truck to various cities, including
U.S. East Coast ones. The reason is time. For goods that are time sensitive in the market,
such as clothing, transportation time is important. It takes about 5 days for goods to be
shipped by rail from Los Angeles to Baltimore, while it takes roughly 13 days for the goods
to be shipped via the Panama Canal.

However, the all-water route via the Panama Canal is less expensive than the intermodal

(ship-rail/truck) route. For some shippers, price is taking charge over just-in-time inventory.
Several developments have or are taking place that demonstrate that the Panama Canal is
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going to be a viable economic option for future containerized cargo transportation, including
the utilization of Post-Panamax container ships.

The Panama Canal Commission is spending $1 billion to widen the Gaillard Cut, improve
the locks and purchase more tugboats and electrical locomotives to pull the ships through
the canal. This will increase the canal’s capacity 20 percent by 2005.

Feasibility studies are to be completed by the end of 2002 for conceptual design of a new set
of locks that would accommodate the next generation of Post-Panamax ships. If all goes
smoothly, the canal authority expects its Post-Panamax locks to operate in 2010 (Agustin
Arias, canal capacity project manager, Panama’s Canal Holds Visions of New Growth,
Waterway’s new transportation and development projects to build legacy and economic
future, by Aileen Cho in Panama, ENR, 7/30/2001).

A joint venture of Kansas City Southern and Mi-Jack Products has rebuilt the Panama Canal
Railway. The railway parallels the canal connecting Cristobal on the Atlantic side and
Balboa on the Pacific side. The 47.6-mile railway began service in November 2001. The
two companies operate it under a contract with a 25-year renewal clause. The Panama
Canal Railway is currently providing intermodal service for major steamship companies.
Initially, the company expects to carry 75,000 containers a year between Cristobal and
Balboa.

Major port management and steamship companies are investing in the port infrastructures at
Balboa and Cristobal. Hutchinson Port Holdings Group, Hong Kong, won a 25-year
concession contract in 1997 to operate Balboa and Cristobal ports. It has invested $140-
million in cargo handling equipment, dredging, and landside improvements. Most of the
investment ($110 million) is for Balboa. The channel and berths have been dredged to 42
feet (12.9 meters), and a new 20.7-acre (8.4-hectare) container storage area equipped with
three Post-Panamax and six Panamax gantry cranes has nearly doubled port capacity to
some 900,000 TEUs.

On the Atlantic side, Colon Container Terminal SA, a subsidiary of Evergreen Marine
Corp., Taiwan, has invested $110 million in developing a marine terminal at Cristobal. The
investments in cranes, expanded quay and container yard area are designed to increase the
facility’s capacity to about 1 million TEUs a year.

The Manzanillo International Terminal (MIT) at Cristobal on the Atlantic side, operated by
Seattle-based Stevedores of America, has a channel depth of 46 feet, 6 Post-Panamax and 2
super Post-Panamax cranes for handling containers on the largest container ships in the
world. It also has direct access to the Colon Free Zone (CFZ), which is the second-largest
free zone after Hong Kong. The local operator of the Manzanillo International Terminal is
looking at a possible second container terminal on the Pacific side, near Balboa.

In the future, it appears that the current three trade routes (ship-rail/truck, all-water via the
Panama Canal and the Suez Canal) are viable options for the utilization of Post-Panamax
container ships. However, based on discussions with shipping companies, the most likely
use of Post-Panamax container ships is the all-water trade route using the Suez Canal.
Although transshipment at the Panama Canal is possible for the U.S. East Coast/Far East
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trade, shippers felt that this option is less likely due to high transshipment costs. Moreover,
due to the high cost to modify the Panama Canal locks and no clear source for the funds,
they felt that modifying the locks to accommodate Post-Panamax container ships is highly
unlikely for the foreseeable future. Thus, the analysis assumes that Panamax container ships
will be transitioned to Post-Panamax container ships in the Suez Canal route only.
Moreover, it is also assumed that the Panama Canal will continue to be used for the Far East
trade during the study period. Thus, both canal routes are assumed to be utilized for the
economic analysis: Panamax container ships using the Panama Canal and Post-Panamax
container ships using the Suez Canal.

The only thing that is physically preventing the deployment of Post-Panamax container
ships at Miami Harbor is an adequate size turning basin. The Lummus Island Turning Basin
has been authorized, funded, and will be constructed prior to the base year. Its 1,500-foot
radius is sufficient for turning the Post-Panamax container ship design vessel SUSAN
MAERSK. The Ship Simulation verified this. Thus, it is assumed that Post-Panamax
container ships will call in the without-project condition, prior to the base year. The depth
of the Lummus Island Turning Basin will be commensurate with the existing project
channel depth, 42 feet.

Roll-On/Roll-Off (Ro-Ro) Vessels (Trailer cargo)

As shown in Table A-5 about 36 percent of all cargo tonnage (short tons) handled at the
Port is transported in trailers. The trailers are carried on Ro-Ro vessels, which also carry a
few containers. Lloyd’s Register of Ships classifies 887 vessels as Ro-Ro Cargo Ships. The
largest of these vessels have deadweights that range for 38,000 to 48,000 metric tons with
design drafts that range from 35.4 feet to 40.2 feet, and container capacities that range from
2,025 to 2,833 TEUs. The typical draft is 38 feet. Lloyd’s also has seven vessels classified
as Container Ro-Ro Cargo Ships. The deadweight of the five largest ones is 51,648 metric
tons; these vessels' design drafts are 38 feet, and their container capacity is 2,908 TEUs.
With a project depth of 42 feet, these vessels have sufficient depth. It is anticipated that the
current project depth at Miami Harbor will provide sufficient transit depth for Ro-Ro vessels
in the future.

Cruise Ships (Passengers)

In the mid-1990s the largest cruise ship in terms of gross registered tons (GRT) was the
QUEEN ELIZABETH II with 70,327 GRT. Today, 16 cruise ships have GRTs in excess of
70,000. Cunard’s QUEEN MARY II, which is scheduled for completion in 2003, will be
150,000 GRT. Because of the trend toward larger cruise ships, the Royal Caribbean
International's VOYAGER OF THE SEAS was selected as the design vessel for the study.
It is 137,300 GRT, is 1,021 feet long, and has a beam of 156 feet and a design draft of 28.2
feet. This cruise ship, which is currently calling, is considered the largest cruise ship likely
to call at Miami Harbor for the foreseeable future. Presently, Royal Caribbean International
has two VOY AGER-class ships calling a Miami Harbor: the VOYAGER OF THE SEAS
and the EXPLORER OF THE SEAS. The draft requirement of the design vessel does not
present a problem. Modern cruise ships are designed with drafts that can be accommodated
by the shallow depths at their ports-of-call. Even the QUEEN MARY II will have a design
draft of only 32.8 feet. However, the QUEEN MARY II will be 1,131 feet long with a
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beam of 131 feet. Thus, the QUEEN MARY Il is 110 feet longer than the VOYAGER OF
THE SEAS, but its beam is 25 feet less. Because it is longer, and could potentially call, the
SUSAN MAERSK container ship with a length of 1,138 feet and a beam of 141 feet was
turned in the Main Channel Cruise Ship Turning Basin during the ship simulation. There
were no problems with turning the large container ship.

Because of the growth in cruises, channel improvements, as well as the Dodge Island
turning basin, are being considered for the Dodge Island Terminal Number 12 (south
western side of Dodge Island). Starting in November 2001, Celebrity Cruise Lines’
HORIZON will utilize this terminal. The HORIZON is 682 feet long, with a beam of 96
feet, and a draft of 24 feet. The design vessel for this project alternative is the CARNIVAL
DESTINY, which is 893.5 feet long, with a beam of 116, and a draft of 27 feet.

Benefiting Fleet and Cargo

All vessels will benefit from proposed improvements that enhance vessel maneuverability,
reduced transit times, and tug assists. But not all vessels and the cargo they carry will
benefit from proposed deepening of the existing channel. The first step in identifying the
beneficiaries of deepening the channel consisted of a review of the existing fleet calling at
specific terminals. Table A-21 shows the vessel types and their characteristics at the three
general berthing areas within the Port. Also shown are the number of recorded calls and the
range of the recorded static drafts (draft at dock) of the vessels that called in FY1999. This
information was provided by the Biscayne Bay Pilots.

Table A-21: Existing Cargo Vessel Calls and Short Tons by Berth Areas FY 1999

Recorded
Static Draft
Vessel Maximum Range Total
Size Design at Berth Number Total
Vessel LOA Range| Draft FY 1999 of Calls | % of Total| Short Tons | % of Total
Bay (Berth) Location Types (feet) (feet) (feet) FY 1999 '| Calls FY 1999 “| Cargo
45 - 65W | Northwest Lummus Island | RO/RO & LO/LO | 125 -648 394 7-35.1 103 3.9% 259,354 3.7%
99 - 148 Southern Lummus island Container 266 - 965 44 9-40.3 1,644 61.5%| 4,344,386 62.7%
{Gantry Crane Berths) | RO/RO & LO/LO
149 - 177 Southern Dodge Island | RO/RO & LO/LO | 129 - 560 254 9.8-239 924 34.6%| 2,326,632 33.6%
Total 2,671 6,930,372
" Source: Developed from daily Pilots Logs for FY 1999.
? Source: Developed from two separate monthly Miami-Dade Seaport Department reports for FY 1999: Trailer/Container Activity Report,
and Daily Dock Report. [ [ [ [ | | | [

Roll-On/Roll-Off (Ro-Ro) and Lift-On/Lift-Off (Lo-Lo) vessels call at all three of the
berthing areas, but are concentrated at Berths 45 to 65W located on the northwest side of
Lummus Island on the Main Channel (36 feet deep) and Berths 149 to 177 located on the
southern side of Dodge Island on the Fisherman’s Channel (32 to 42 feet deep). Taking into
consideration the design drafts of the vessels and the existing channel depths, vessels calling
at these berths have sufficient channel depth. In contrast, the container ships calling at
Berths 99 to 148 have design drafts up to 44 feet compared to the 42-foot Fisherman’s
Channel depth. Thus, depending on their typical loadings and underkeel clearance
requirements, some of the large Panamax container ships could potentially benefit from
deepening the shipping channel. Almost two-thirds of all vessels call at Berths 99 to 148,
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which have the Port’s gantry cranes. A more detailed breakdown by’ vessel size (length
overall, LOA) of the recorded static drafts for vessels that called at the “gantry-crane berths”
(99 to 148) in FY 1999 is displayed in Table A-22.

One hundred percent of the containerized cargo handled at Berths 45 to 65W and 149 to 177
1s moving in the Latin American and Caribbean trade. Berths 99 to 148 also handle cargo
moving in these trade regions, some of which is transported in trailers. All European,
Mediterranean, and Asian trade cargo is handled at the gantry-crane berths. No cargo within
these trades is shipped by trailer. The larger Panamax container ships are currently utilized
in these trades, and Post-Panamax container ships will only be used in these trades.

Thus, the channel-deepening benefit analysis focuses solely on containerized cargo moving
in the European, Mediterranean and Asian trades, which will be solely handled at the
gantry-crane berths (99 to 148), as the vessels in these trades are cellular container ships,
that is, they do not have on-board cranes like those used in the Latin American and
Caribbean trades due to the lack off gantry cranes at the ports.

With a channel depth of 42 feet at Miami Harbor, and assuming a minimum of 3 feet of
underkeel clearance, a fully loaded Atlantic Class (=>950-foot LOA) container ship would
have a light-loaded transit draft of 39 feet. As shown in Table A-22, the majority of these
vessels had static (at dock) drafts ranging from 34 to 38 feet inbound, and 32 to 38 feet
outbound, during 1999, but static drafts up to 41 feet were recorded. The typical static draft
beyond 38 feet occurred for the range 38.1 to 39 feet.

Asian cargo currently transits the Panama Canal, which has a maximum draft restriction of
39 feet. Thus, vessels in this trade route would be expected to have a maximum transit draft
of 36 feet, assuming 3 feet of underkeel clearance. For the European and Mediterranean
trade routes, the depths of the U.S. East Coast ports would control inbound and outbound
vessel drafts within itineraries that included Miami Harbor. The static drafts shown in Table
A-22 were recorded in 1999. At that time, U.S. East Coast ports had authorized depths
ranging from 40 to 42 feet. Thus, the expected fully, but light, loaded transit draft would be
between 37 to 39 feet, assuming 3 feet of underkeel clearance. As shown in Table A-22,
many Atlantic Class vessels recorded the calculated maximum drafts. But, there were
several calls with recorded static drafts between 32 and 35 feet. Therefore, some vessels
arrived or departed Miami Harbor with transit drafts that were 1 to 3 feet less than their
potential maximum transit drafts. This fact was taken into consideration when developing
the “typical or most likely”” applied maximum transit drafts of benefiting Panamax and Post-
Panamax container ship classes. See Fully-Loaded Transit Weight and Applied Maximum
Transit Draft section and Table A-33 for detailed fleet transit specifications.

Five classes of container ships were established for the analysis: three classes of Post-
Panamax, one class of Panamax, and one Sub-Panamax container ship class. The three
Post-Panamax classes are based on the world fleet that includes ships in service and those on
order as displayed in Table A-23 and Table A-24. A detailed description of the composite
vessel in each class is found in Table A-33.
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Based on the previously described vessel itineraries, generic vessel itineraries were
developed for the purpose of estimated voyage costs for the European, Mediterranean and
Asian trades. There are two itineraries for the Asian/U.S. East Coast trade: Panama Canal
and Suez Canal itineraries. The Post-Panamax container ships would be utilized solely in
the Suez Canal itinerary as only Panamax-size container ships can transit the Panama Canal.

The generic itineraries are based on a review of current ones. The depths are displayed for
both the without- and with-project conditions. All major U.S. East Coast ports are either
authorized for construction to 50 feet, like New York; or being studied with draft reports
proposing depths ranging from 48 to 50 feet, like Norfolk Harbor for which a 50-foot
channel is recommended. Construction schedules have completion dates ranging from
before to after the base year of the Miami Harbor project (2010).

A 50-foot channel depth has been authorized for New York/New Jersey Harbor with all
channel construction completed in 2016, but all berthing areas deepened to 50 feet by 2005.
Deepening the container-ship berths to 50 feet in 2005, significantly before all channel
deepening to 50 feet is completed, demonstrates that tide will be used to increase the loading
efficiency of the large container ships. Based on discussions with steamship companies,
future itineraries that include Post-Panamax container ships will include the Port of New
York/New Jersey due to the enormous hinterland market that it serves.

The December 2002 Draft Norfolk Harbor (Hampton Roads) Report recommends
deepening the inbound channel to 50 feet by 2005. The outbound channel is already 50 feet
deep. Thus, it is reasonable to assume that one or more of the major U.S. East Coast ports
will be deepened to a depth of 50 feet with others ranging in depth from 48 to 50 feet by
around the base year of the Miami Harbor project. Accordingly, for the economic analysis
the midpoint of the anticipated range is assumed for the controlling depth at U.S. East Coast
ports within the trade itineraries, or 49 feet. The prevalent port depth at European and Far
East ports is 15 meters or 49.2 feet. Thus, selecting 49 feet for a controlling depth for U.S.
East Coast ports is consistent foreign ports within the trade itineraries.

The itineraries are displayed in Table A-25.
These general assumptions and parameters were utilized to focus the detailed benefits

analysis, which is contained in the following section: BENEFIT ESTIMATION
PROCEDURES/ASSUMPTIONS/PARAMETERS.
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Table A-25: Miami Harbor — Generic Round-trip Vessel Itineraries by Trade Route

Without-Project | With-Project | Mean Tide | Round-trip
Trade Ports in Depth Depth Range Nautical
Route Generic Itinerary ' (feet) (feet)® (feet)® Miles ®
Europe/ Southampton, England 49.2 49.2 5.9
U.S. East Coast |New York, U.S. * 50.0 50.0 4.6 3,169
Other East Coast, U.S. 3 48.0 to 50.0| 48.0to 50.0 5.2 600
Miami, U.S. 42.0| 43.0t0 50.0 2.5 420
Southampton, England 49.2 49.2 5.9 3,866
8,055
Mediterranean/ |Valletta, Malta 50.6 50.6 1.3
U.S. East Coast |New York, U.S. 50.0 50.0 4.6 4,181
Other East Coast, U.S. 48.0 to 50.0| 48.0to0 50.0 5.2 600
Miami, U.S. 42.0| 43.0t0 50.0 2.5 420
Valletta, Malta 50.6 50.6 1.3 4,786
9,987
Asia/
U.S. East Coast {Hong Kong, China 49.2 49.2 8.2
Panama Canal |Panama Canal transit 39.0 39.0 n.a.
Miami, U.S. 42.0| 43.0to 50.0 2.5 10,448
Other East Coast, U.S. 48.0 t0 50.0| 48.0to 50.0 52 420
New York, U.S. 50.0 50.0 4.6 600
Panama Canal transit 39.0 39.0 n.a.
Hong Kong, China 49.2 49.2 8.2 11,213
22,681
Asia/
U.S. East Coast |Hong Kong, China 49.2 49.2 8.2
Suez Canal |Suez Canal transit 56.0 56.0 n.a.
Valletta, Malta 50.6 50.6 1.3 7,435
Miami, U.S. 42.0| 43.0to0 50.0 2.5 4,786
Other East Coast, U.S. 48.0 t0 50.0| 48.0to0 50.0 5.2 420
New York, U.S. 50.0 50.0 4.6 600
Valletta, Malta 50.6 50.6 1.3 4,181
Suez Canal transit 56.0 56.0 n.a.
Hong Kong, China 49.2 49.2 8.2 7,435
24 857

" Generic trade-route vessel itineraries based on actual ones as published by steamship

companies.

g Without-project channel depths are the same as the current channel depths, except for those

ports with on-going or most likely future deepening construction projects (see footnote 3).[

® A 50-foot channel depth has been authorized for New York/New Jersey Harbor with all channel

construction completed in 2016, but all berthing areas deepened to 50 feet by 2005.

Other U.S. East Coast ports (Norfolk, Charleston, Savannah, for example), are studying

deepening to depths up to 50 feet. The December 2002 Norfolk Harbor (Hampton Roads) report

recommends deepening the inbound channel to 50 feet by 2005. The outbound channel is

already 50 feet. Itis anticipated that other East Coast ports will be deepened to a project depth

of 48 to 50 feet between 2006 and 2010.

|

4 With-project channel depths under consideration for Miami Harbor are 43 to 50 feet. All other

channel depths for ports and canals within the vessel itinerary remain the same as those

in the without-project condition.

| |

° "Tides and Tidal Datums in the United States," Special Report No. 7, U.S. Army Corps of

Engineers, February 1981; and "Lloyd's Ports of the World," Lloyd's of London, 1997.

1993.

|

© "Distances Between Ports,” Defense Mapping Agency Hydrographic/Topographic Center,
l
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BENEFIT ESTIMATION PROCEDURES/ASSUMPTIONS/PARAMETERS

Cost Reduction Benefits

Benefits Analysis

This section describes the analyses performed in the estimation of cost reduction benefits for
proposed channel improvements. The objectives of the proposed channel improvement
alternatives include the reduction of transit times and costs for vessels maneuvering within
Miami Harbor. Nearly all users of Miami Harbor will benefit from proposed improvements
inasmuch as they enhance vessel maneuverability and reduce transit times and necessary tug
assists. The paragraphs that follow describe key inputs and assumptions of the analysis and
present estimated cost reduction benefits. And, as will be discussed in subsequent sections,
additional benefits will accrue to select vessel classes with deepening improvements.

The benefits of channel improvements were estimated in terms of reductions in harbor
transit times and consequent vessel delays. Transit times and transportation costs were
estimated by analyzing the most likely condition in the absence of an improved channel at
Miami Harbor, that is the without project condition, and the proposed channel improvement
alternatives for each decade over the period 2010-2060. For this analysis, the alternatives
were bundled to estimate cost reduction benefits. The following describes briefly the
proposed channel improvement alternatives: widening the entrance channel, inner entrance
channel between buoys 13 and 15, and the Fisherman’s Channel to provide safe navigation
for all vessels, particularly post-Panamax containerships; widening the Fisher Island turning
basin to improve vessel access and reduce delays; extending the Dodge Island Channel to
provide access to planned expanded cruise facilities; and constructing a turning basin at
Dodge Island to accommodate the cruise ships using the channel. Five component sets,
each comprising an individual component or several inseparable components, representing
the without project condition and four channel improvement scenarios were analyzed:

Without Project Condition - Maintain existing channels; construct Lummus Island
turning basin to a diameter of 1,500 feet.

Components 1C, 2A, and 5A - Widen the entrance channel, channel between buoys
13 and 15, and Fisherman’s Channel,;

Component 3B — Widen the Fisher Island Turning Basin;

Component 6 — Extend the Dodge Island Channel;

Component 6A — Construct the Dodge Island Turning Basin.

Incremental transit costs for the without project condition and each of the four proposed
channel improvement component sets represent cost reduction benefits.

As discussed in previous sections, Maersk Sealand’s SUSAN MAERSK was selected for
the design vessel for the economic analysis. The SUSAN MAERSK has 1,138-feet length
over all (LOA), a maximum beam of 140.8 feet, and a maximum design draft of 47.6 feet.
It has a beam that is approximately 35 feet greater than the current Maersk Sealand
container ships calling at Miami Harbor. The current widths of the entrance channel,
channel between buoys 13 and 15, and the Fisherman’s Channel are too narrow to allow the
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SUSAN MAERSK to transit Miami Harbor safely and cost-effectively. The current channel
configurations would necessitate an additional tug assistance and transit at a dead-slow
speed.

The proposed improvement alternatives are necessary to accommodate the expected future
fleet at Miami Harbor. Additionally, the proposed alternatives will alleviate delays resulting
from turning basin use and one-way traffic restrictions and reduce transportation costs for
nearly all users of Miami Harbor (note: cruise ships have priority berthing and pilotage
because of tight schedules. As such, they do not experience delays). All commercial cargo
vessels, regardless of size, however, experience vessel delays; and therefore, would benefit
from widening of channels and turning basins, or similar improvements that result in
improved maneuverability and reduced transit times.

The channel widening alternative is not intended to create two-way traffic for Post-Panamax
or Panamax vessels. Rather widening creates an additional margin of safety that makes it
possible for these vessels to traverse the project more expeditiously and fuel-efficiently and,
in the case of Post-Panamax vessels, without extraordinary tug assistance. In addition, the
widening helps reduce the surging effect on ships at dock along Fisherman’s Channel. In
the Biscayne Bay Pilots letter dated October 23, 1997, found in the Ship Simulation
Modeling Report (Attachment B to Engineering Appendix B in Volume II of the Draft
Miami Harbor Navigation Study General Reevaluation Report), the pilots state that the
“...Lummus Island Cut just south of the gantry crane area should be widened. At the
present time ships transiting this area pass extremely close to vessels docked at the gantry
berths. This results in a “surging” effect on the ships at the dock. Also, all too frequently,
we are encountering vessels docked at Lummus Island with their cranes swung outboard 90
degrees thereby blocking a portion of the channel.”

According to one pilot’s comments found at the end of the Ship Simulation Modeling
Report after testing the proposed improvements (Attachment B to Engineering Appendix B
in Volume II of the Draft Miami Harbor Navigation Study General Reevaluation Report).
He states, ““...Turning at Fisher Island is more expedient and potential surging of deep
container vessels at the berths is minimized if not eliminated. For strong currents and
depending on the location and number of deep draft vessels at the berths I would prefer the
Lummus Island basin.”

With Channel Improvements — The SUSAN MAERSK and other similarly sized Post-
Panamax vessels traverse Miami Harbor at speeds of approximately 5-6 knots, with the
assistance of 2 tugs. The transit to berth takes approximately 75 minutes. During this transit,
the Post-Panamax vessels have exclusive use of the entrance channel and later Fisherman’s
Channel. Likewise, other large ships, €.g. Panamax, can traverse Miami Harbor at more
optimal speeds (6-7 knots), resulting in reduced transit times.

Without project condition — The SUSAN MAERSK and other similarly sized Post-
Panamax vessels traverse Miami Harbor as essentially “dead ships,” pulled by 3 tugs at a
speed of approximately 2-3 knots. The transit to berth takes nearly 2 hours. During this
transit, the Post-Panamax vessels have exclusive use of the entrance channel and later
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Fisherman’s Channel. The narrow channel conditions also make it necessary for Panamax

vessels to traverse the project at slower, less fuel-efficient speeds (4-5 knots versus 6-7
knots).

Three widening measures were combined into one alternative, because it is only with
improvements to all three areas that the need for the third tug and less-than dead slow speed
would be eliminated. With improvements, the container vessels would continue to light-
load and require the assistance of two tugs, but could transit the channel at a more normal
speed. The net impacts of the widening improvements are reductions in transit time and
exclusive channel use of approximately 30 minutes per vessel, as well as elimination of the
expense for the Post-Panamax vessels’ third tug assistance.

A distinction needs to be made clear between delay benefits based on the reduction of
“congestion” and the benefits claimed in the Miami Harbor economic analysis for channel
widening improvements. The delays are caused by the interaction of vessels at the harbor.
Delay type benefits can result from the reduction of inner harbor transit times and/or waiting
times at the bar or at the berth due to conditions at a harbor. Improvements that result in
benefits are the construction of a two-way transit channel and/or passing “lanes” and/or
turning notches. At Miami Harbor, the outer and inner channels are restricted to one-way
transits without or with the project improvements. Thus, the interaction of vessels is
simplified, that is, an in-bound vessel(s) has to wait for the out-bound vessel to clear the bar.
So, once the channel is clear, it’s a straight “shot” to the berth. The proposed widening
improvements are based on safety concerns raised by the Biscayne Bay Pilots Association
with respect to groundings and passing container ships with their on-board cranes extended
toward the channel as they load/unload at the berth using the landside gantry cranes. The
widening alternatives address these concerns. However, the only benefits claimed are for
efficiencies accruing to the Post-Panamax container ships. The widening of the channel] at
selected points results in removing safety restrictions for Post-Panamax container ships that
will be implemented by the pilots in the without-project condition: reduced vessel speed
(dead slow) and a third tug. The elimination of the one half hour of additional transit time
and the third tug are not related to “congestion” at the Port. As stated, there is only one-way
traffic. So, a vessel has to “clear” the bar before another can transit the channel. So, the one
half hour of additional transit time for Post-Panamax container ships is strictly the time from
the bar to the berth.

The primary source of data was derived from Miami Harbor’s pilot logbooks. The data
include detailed information on all aspects of vessel transits. For each vessel transiting
Miami Harbor, a record is made in the pilot’s log noting the vessel’s characteristics,
including transit date and time. Data records are made in the pilot’s log upon entrance and
exit of the harbor. An additional record is made if a pilot shift change occurs during the
transit. The existing fleet characteristics are based on CY1999 pilot data.

Transit times for Miami Harbor navigation are largely a function of vessel speed. Variations
in vessel speeds are due to vessel size and type and geographic limitations. The larger the
vessel, the more difficult it is to maneuver, and therefore, the slower the transit speed.
Restricted reaches along the channel also necessitate slower transit speeds. A survey of
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Miami Harbor’s pilots was conducted to elicit information on transit speeds by vessel class
for each reach of the Miami Harbor navigation channel. Additionally, the pilots provided
information on transit times based on experience by vessel type and destination berth.

Many berths share a common turning basin, which is generally located nearest the berths;
therefore, a vessel in the turning basin obstructs channel entrance and egress for other users
of the same turning basin. Nearly all vessels at Miami Harbor require the assistance of at
least one tug; the additional width of the tug alongside the vessels increases the effective
width of the vessel in the channel and constrains Miami Harbor to one-way traffic.

The berthing spaces previously enumerated in Tables A-1 through A-4 overstate the
available capacity at Miami Harbor in that concurrent use of some adjacent berths is not
possible and other adjacent berths must be combined to provide access for one large vessel.
The width of the Fisherman’s Channel constrains all commercial cargo traffic to one-way.
The only passing that occurs involves small workboats and recreation craft. Vessels
destined for berths on the Fisherman’s Channel are delayed at the sea buoy, when another
vessel is in the channel. Conversely, vessels departing Miami Harbor must wait at berth
until the channel is cleared. According to Miami Harbor’s pilots, channel delays exceeding
one hour are not uncommon.

Vessels were divided into classes according to size and use. The vessel classifications
describe the attributes of all vessel types that were analyzed. Vessel classifications were
standardized for this effort and are summarized in Table A-26. The important
characteristics of the existing vessel fleet are the dimensions and types of the vessels.
Similarly, the commodities moving in and out of Miami Harbor were aggregated into
commodity classes. For this effort, three commodity classes were identified: containers, Ro-
Ro/general cargo, and passengers.

Table A-26. Vessel Class Definitions

Vessel Class Definitions
Class Type Length
1 Container LOA < 500
2 Container LOA between 500 and 700
3 Container LOA between 700 and 900
4 Container Panamax
5 Container Post-Panamax
6 Gen Cargo, Ro-Ro, Lo-Lo LOA < 400
7 Gen Cargo, Ro-Ro, Lo-Lo LOA between 400 and 600
8 Gen Cargo, Ro-Ro, Lo-Lo LOA> 600
9 Passenger LOA < 600
10 Passenger LOA between 600 and 900
11 Passenger Panamax
12 Passenger Post-Panamax
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Forecast commodity tonnage is displayed in Table A-27. As discussed in previous
sections, the annual growth rates to be used for the 50-year study period for each of the
general commodity groups (containers, 4.53 percent; Ro-Ro cargo, 4.53 percent; and
passengers, 2.00 percent) are assumed to occur without or with any harbor improvements.

Table A-27. Forecast Commodity Tonnage

Forecast Commodity Tonnage

Without Project/ With Project Conditions

2010 2020 2030 2040 2050 2060
Containers 9,058,295 16,827,157 30,565,148 42,247,460 58,394,870 80,713,985
Ro-Ro, Lo-Lo 5,095,291 9,465,276 17,192,896 23,764,196 32,847,114 45,401,616
Total 14,153,586 26,292,433 47,758,044 66,011,656 91,241,984 126,115,601
Cruise Passengers 4,183,511 5,099,676 6,216,477 7,577,851 9,237,357 11,260,287

Given forecast commodity traffic, future vessels calls were estimated. Table A-28 displays
forecast vessel calls at the port under the without project condition and the proposed channel
improvement alternatives. As discussed in previous sections, the future fleet will include the
addition of the SUSAN MAERSK and other post-Panamax containerships, as well as the
continued arrivals of mega- cruise ships. Forecast commodity will be accommodated in the
larger vessels in the future fleet, resulting in fewer vessels calls over the 50-year project life.
This assumption was based on information obtained from Miami Harbor’s shippers and was
discussed in previous sections. It is important to note that the forecast future vessels calls
are identical in the with and without project conditions (without deepening).

Table A- 28. Forecast Vessel Trips

Forecast Vessel Trips
Without/ With Project Conditions

Commodity 2010 2020 2030 2040 2050 2060
Containers 1,225 1,391 1,695 2,119 2,642 3,377
Ro-Ro, Lo-Lo 1,313 1,431 1,677 2,004 2,245 2,603
Cruise 1,177 1,224 1,278 1,366 1,525 1,690
Total 3,715 4,046 4,650 5,489 6,412 7,670
Methodology

Vessel operating costs by vessel class for FY2004 were obtained from the Institute for
Water Resources (IWR). The costs represent daily operating costs for U.S. and foreign
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vessel classes engaged in trade at U.S. deep-draft ports and are specific for vessel flag, type,
and size. The costs are published annually by IWR in an Economics Guidance
Memorandum (EGM) and intended for use in Corps’ planning studies. A representative
vessel was selected for each vessel class and daily operating costs assigned accordingly,
taking into consideration the distribution of domestic and foreign-flagged vessels within
each class.

The delay reduction analyses for Miami Harbor were performed without the use of a
congestion model. In the absence of a model, a reliable analysis was performed with the use
of Excel spreadsheets, by employing similar logic. Each vessel call forecast for Miami
Harbor was disaggregated into component movements, each with an associated estimated
duration. A vessel call included the following components: 1) arriving at the sea buoy; 2)
transiting to berth; 3) berthing; 4) departing the berth and Miami Harbor.

The project lent itself well to such analyses, given that the assumptions for the vessel fleet
and traffic forecast were identical in the with- and without- project conditions. The vessel
fleet composition is the same under the without- and with-project conditions for three
reasons: (1) industry contact persons advised that when their steamship companies
introduce Post-Panamax container ships into the European, Mediterranean, and Asian
trades, they would continue to use “multi-porting” itineraries that would be similar to those
currently in use; (2) if there were no physical constraints that prevent a Post-Panamax
container ship from calling at a port, the Post-Panamax container ships would call even
though a port’s channel configuration may not provide the most efficient utilization of the
larger vessels in the short-term, and (3) the Biscayne Bay Pilots Association advised that
they would bring in the Post-Panamax container ships in the without-project condition using
the current typical underkeel clearance of three feet, but at a significantly reduced speed
(dead slow) and with an additional tug (three rather than two) assisting in the transit.

The Port of Miami did not have a turning basin of appropriate size to allow the Post-
Panamax REGINA MAESK to call in 1999. With the construction of the Lummus Island
Turning Basin in the without-project condition, there are no purely physical constraints
preventing Post-Panamax container ships calling at Miami Harbor. Moreover, the pilots
would take measures to reduce the risk of grounding the larger container ships: reduce the
speed of the vessel and add a third tug,.

Given economies in transportation, even a “light-loaded” Post-Panamax vessel results in a
lower delivered cost per ton than that of a M-class vessel loaded to the same draft. So much
so, that the costs of an additional tug assist and slower transit at Miami Harbor are preferred
over the M-class vessel operating unencumbered at the project and on the same itinerary.
Given that there are no physical constraints that exclude the S-class vessel from Miami
Harbor and the additional transit costs are covered by its economic advantage, it is
introduced in the without project condition. Therefore, inclusion of the S-class vessel
represents optimization of the without project condition.

Given identical vessel calls in both scenarios, estimating the impacts of proposed
improvements on the forecast vessel calls entailed focusing on / isolating only the areas
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where differences could occur (“areas,” in this case, referring to vessel classes and/or
components of the overall vessel transit times). In as much as the improvement alternatives
removed constraints that contribute to vessel delays, benefits could be estimated for each
future decade, with inner years interpolated.

Given the identical vessel fleet and future vessel calls at Miami Harbor in the with and
without project conditions, detailed modeling of traffic was unnecessary with the following
baseline assumptions:

1) Vessels would call at exactly the same berths with or without the project. The
proposed improvements do not include additional berthing capacity.

2) Berthing time would be exactly the same with or without the project. The
proposed improvements do not include enhancements to loading/unloading
equipment that would not also be in place in a without project setting.

3) Vessels delayed at the sea buoy due to berthing capacity shortfalls (beyond the
delays that are expected as the exiting vessels clear the project) are assumed to
occur with or without the proposed improvements.

4) The precautions, in the form of slow transits for Panamax vessels, that the
Biscayne Bay Pilots currently take, would continue and become more regulated
as larger vessels are introduced with no corresponding channel improvements
(without project condition).

5) Cruise ships have priority channel usage, and as such, do not experience delay.

The year 1999 was selected as a representative base year for analysis and forecasts. The
future year (2010 through 2060) commodity tonnage volumes, vessel loadings, and
distributions of vessel classes were extrapolated from pilot data and commodity traffic
forecasts discussed in previous sections.

In the absence of modeling, it was still necessary to develop shipment lists for Miami
Harbor. A critical input for any congestion model is the expected stream of vessel
movements, or shipment list. The shipment list is an annual account of vessel movements
specific to the arrival date and time, vessel type and size, commodity type and volume, and
destination berth. Shipment lists are developed from an analysis of actual traffic patterns.
Future year shipment lists are randomly generated from vessel traffic distribution patterns
developed from historic data and increased at a rate commensurate with forecast growth in
commodities. The important considerations are the number, types, and sizes of vessel
expected to call at Miami Harbor over the life of the project. While the “no-model” method
inevitably results in understated estimates of delay at Miami Harbor, it was nevertheless a
reliable means of estimating the most-easily quantifiable sources of delay costs.

According to the Biscayne Bay Pilots’ Association (BBPA), the transit method and resultant
time for a Post-Panamax container vessel would differ greatly between the unimproved
without project condition and the improved condition. The BBPA are an invaluable source
of information on regarding vessel maneuvers in Miami Harbor. While acknowledging that
there would be no physical constraints, the S-class vessel transit would be “tight,”
necessitating a reduced speed and additional tug assist. Thus given estimates of future
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vessel calls, which were identical with or without the project, expected delays and delay
costs were calculated. Additionally, the estimates of future vessel calls determined the
foregone need for a third tug assist. Beyond these estimates, additional delay would be
expected to occur as vessels randomly interact with one another —delay that would be
mitigated by a more efficient channel configuration. The 30-minute reduction per vessel in
transit time translated into 30 additional minutes in the with project condition that the
channel was available for use by other vessels, rather than obstructed by the S-class vessel’s
transit.

For each alternative and decade, transit times including assumed transit delays, were
estimated by individual vessel movement. Excel spreadsheets were used to calculate transit
time costs by vessel class for each forecast vessel trip, given hourly operating costs by
vessel class. For example, to calculate the total transit time for the without project condition
in 2010, an annual list of movements was constructed in an Excel spreadsheet. Each
movement, given its unique vessel class, commodity type, and origin/destination berth, was
assigned an estimated transit time. The transit time included the following components:
arrival, berthing, departure, and delay. The Miami Harbors’ pilot data, as well as interviews
with pilots, provided valuable insights into these component times. Table A-29 provides an
example calculation of per trip incremental cost savings for the SUSAN MAERSK in 2010.
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Table A-29. Miami Harbor Cost Reduction Analysis Example
Miami Harbor Cost Reduction Analysis Example
Class 5 Containership, 2010

Without Project With Improvements
Transit Time Inbound 1 Hr 48 Min 1 Hr 18 Min
Berth Time 18Hr 18Hr
Transit Time Outbound 71 Min 41 Min
Hourly Operating Cost - at Sea $2,310 $2,310
Hourly Operating Cost - at Port $1,259 $1,259
Subtotal Port Cost $29,939 $27,629
Total Vessel Calls 3,715 3,715
Hourly Arrival Rate* 0.85 0.85
Probability of Encounter 0.72 0.72
Expected Delay Time** 51 Min 30 Min
Expected Delay Cost $1,964 $1,155
No. of Tugs 3 2
Tug Cost (@ $1,400/hour) $4,200 $2,800
Total Port Cost $36,102 $31,584
Incremental Savings Per Call $4,519

* Annual vessel calls per hour, assuming that with each vessel call
there are two legs, or trips (inbound and outbound).

** Expected delay is a function of forecast annual vessel trips.
The square of the expected hourly arrival rate represents the
probability of a vessel encounter in the channel. Given the
one-way traffic constraint, one vessel must yield, and is,
therefore, delayed. The delay is set equal to the vessel outbound
transit time, and the expected delay time is the product of the
outbound transit time and the probability of vessel encounter.

Similar estimates for 2010 were developed for each of the vessel classes and all of the
improvement alternatives. The total transit times for the improvement alternatives were
compared to the without project condition estimate for each decade. Excel spreadsheets
were used to estimate average annual transit costs for each alternative (transit costs between
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decadal points were interpolated). Incremental transit costs for the without project condition
and the improvement alternatives represent cost reduction benefits.

The following summarizes the assumptions for three of the cost reduction benefit
alternatives (the fourth, or the Dodge Island Channel Extension, is discussed in the section
entitled “Cruise Ship Benefits”):

1). Widening entrance channel, buoys 13-15 and Fisherman’s channel - In the
absence of improvements in Miami Harbor, the SUSAN MAERSK and similarly-sized
vessels, would need to light-load and transit the channel with the assistance of three tugs at a
less than dead-slow speed. Consequently, the transit would be 30 minutes slower than
normal. Three tug assists represent one additional tug assist over normal operating
conditions. The third tug assist would be necessary through each of the three widening
components. For example, in the absence of the outer entrance channel flare, a third tug
assist would be necessary to allow safe transit of the SUSAN MAERSK or similarly sized
vessel. The three widening alternatives were combined into one system, because it is only
with improvements to all three areas that the need for the third tug and less-than dead slow
speed would be eliminated. The container fleet distribution would change over time,
eventually composed mainly of S-class (Post-Panamax) vessels in the Far East and
European trades. With improvements, the container vessels would continue to light-load
and require the assistance of two tugs, but could transit the channel at a more normal speed.
The incremental savings are the foregone costs of the third tug assist and reduced transit
time. (input from Biscayne Bay pilots and Coastal Tug and Barge).

2). Widening Fisher Island Turning Basin - In the absence of improvements, Post-
Panamax vessels calling at Miami are constrained to use of the Lummus Island turning basin
only, resulting in additional transit time and delays for vessels berthing closest to the
Fisherman’s Channel entrance. With improvements, vessels have the option of turning
before or after berthing. Pilots will have more flexibility to manage traffic and minimize
delays within Miami Harbor. The incremental savings are the reduced transit times and
delays for vessels transiting and berthing on Fisherman’s channel.

3). Constructing Dodge Island Turning Basin - In the absence of improvements,
cruise ships on the south pier would use the Lummus Island turning basin for maneuvering.
Given the priority of cruise ships in Miami Harbor, such use would interfere with
commercial cargo operations and result in delays for cargo vessels. With improvements, the
cruise ships would have an exclusive turning basin. The incremental savings are the
foregone interference and delay costs for cargo vessels transiting Fisherman’s channel. The
interference costs take into account the cruise ships schedule and probability of being
delayed.

Cruise Ship Benefits
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In analyzing the benefits of the Dodge Island Channel extension, a different technique was
used. According to guidance developed by IWR, benefits associated with cruise ships
from harbor improvements could accrue from three sources: 1) existing vessels using a
harbor under without-project conditions operate more efficiently in that same harbor under
with-project conditions; 2) vessels using one harbor under without-project conditions
transfer to the improved harbor under with-project conditions; and 3) new vessels (larger,
with more amenities) begin using a harbor under with-project conditions that they did not
use under without-project conditions. Benefits could accrue to both vessel operators and
passengers under each of the three scenarios.

The difficulty in estimating cruise ship benefits lies in the fact that cruise ships are unique
-- ships of the same class cannot be compared to one another when they operate on
differing itineraries; likewise differing ships operating on the same, or nearly the same
itineraries are not comparable. The comparisons are made more difficult given that the
cruise ship companies are not forthcoming with financial information that could be used to
estimate daily operating costs or indicate individual vessel performance

Cruise companies measure their vessels’ performance in terms of “ yield,” that is net
income per passenger cruise day. A passenger cruise day is one passenger sailing for a
period of one day. For example, one passenger sailing on a one-week cruise is seven
passenger cruise days. Each vessel within a company’ s fleet for a given itinerary and
season has a unique yield, or profitability. Newer, larger ships tend toward greater levels
of profitability, due to economies of scale in provisioning and staffing, as well as
increased revenue-generating opportunities from the larger passenger population. Given
that the newest mega-ships are destinations in themselves, the income generated per
passenger day tends to exceed that of other ships in the fleet. Certain itineraries are more
popular, and consequently, more profitable.

A survey of cruise companies’ financials provided an estimate of their respective yield or
net income per passenger day. The limitation is that the yield is a gross figure for the
company. Certainly yields vary quite a bit by vessel and itinerary. Cruise companies are
not forthcoming with any specific information on the performance of individual vessels, or
even classes of vessels. For this analysis, the financials of three companies were analyzed
to develop an estimate of net income per passenger day -- Royal Caribbean Cruise Lines,
P&O Princess Cruises, and Carnival Corporation.

These companies were selected because of their market dominance and current operations
in Miami Harbor. An estimated net income per passenger day served as a proxy for
estimating benefits for improvements at Miami Harbor. In the absence of improvements at
Dodge Island, the cruise ship HORIZON would represent the maximum-sized/capacity
vessel that could operate on the south pier. The vessel LOA is 727 feet and it passenger
capacity is 1,798. With improvements, a larger vessel could operate in place of the
HORIZON. The design vessel is the CARNIVAL DESTINY, which has an LOA of 893
feet and a passenger capacity of 2,642. Table A-30 provides a comparison of the two cruise
vessels. Given an identical itinerary, the CARNIVAL DESTINY could accommodate 150
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percent of the number of passengers per trip. While additional passengers and a larger vessel
result in higher costs per voyage, the opportunity to use the larger vessel on the same
itinerary will result in increased income. The incremental benefits are the net incomes that
accrue from the additional passengers. The annual reports of the major cruise lines were
referenced to calculate a representative net income per passenger estimate. Over time, as the
demand for cruises increase, additional vessels would be expected to berth on the south pier.

Table A-30. Miami Harbor Cruise Ship Comparison

Miami Harbor Cruise Ship Comparison

Vessel Characteristics

Item Horizon Carnival Destiny
Gross Registered Tons( GRT ) 46,811 101,353
Net Registered Tons ( NRT ) 24,471 73,081
Deadweight Tonnage ( DWT ) 5,550 11,142
Length Overall (LOA) 683.8 895.1
Molded Breadth 96.3 116.7
Maximum Draft 24.4 27.3
Year Delivered 1990 1996
Passenger Capacity 1,798 2,642
Crew Capacity 641 1,040
Passenger/Crew Ratio 2.8 2.5
Service Speed 19.5 22.5

Assuming operation of a 7-day itinerary out of Miami Harbor, twenty-six weeks per year
initially, increasing to 52-weeks annually, an estimated 41,000 passenger cruise days are
lost when the HORIZON is employed in place of the CARNIVAL DESTINY. This loss
translates into reductions in net income of more than $0.5 million per year.

Analysis Results

Incremental savings, by decade, for each of the channel improvement components sets are
presented in Table A-31. Each of the components sets result in significant transportation
cost reductions over the without project condition. The Channel Widening results in
average annual savings ranging from $ 0.6 million in 2010 to $ 15.1 million in 2060. While
the entrance channel widening provides safe navigation for the SUSAN MAERSK and other
post-Panamax vessels, another advantage of the widened channel is that it allows smaller
vessels (maximum 80’ beam) to pass in the channel. These vessels make up a significant
proportion of traffic at Miami Harbor. Given that cruise ships do not experience delays
because of priority berthing and pilotage, no delay reduction savings were claimed for any

of their vessel classes.
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Table A-31. Annual Transportation Costs

Annual Transportation Cost Savings
(Thousands of FY04 dollars)

Alternatives 2010 2020( 20307 2040 2050 2060
Without Project Condition - -- -- -- -- -
Widening (EC, Buoys 13-15, FC) $431| $1,455| $3,585| $5,466| $9,663| $15,565
Fisher Island Turning Basin Widening $250 $639( $1,515| $2,570| $4,416) $7,239
Dodge Island Channel Extension $529| $1,058| $2,115( $2,115| $2,115; $2,115
Dodge Island Turning Basin Construction|  $519 $650( $773| $943| $1,123| 81,339

Cost reduction benefits for the proposed channel improvement alternatives for Miami
Harbor are summarized in Table A-32. The benefits reflect an interest rate of 5 5/8 percent

and October 2003 price levels.

Table A-32. Miami Harbor Cost Reduction Benefits Summary

Miami Harbor Improvement Component Sets
Benefit Summary
(Thousands of FY04 dollars)
Total Average
Present Annual

Alternatives Worth Benefits
Without Project Condition -- -
Widening (Ent. Chan., Buoys 13-15, Fishmn's Chan.) $47,343 $2,848
Fisher Island Turning Basin Widening $21,483 $1,292
Dodge Island Channel Extension $23,014 $1,384
Dodge Island Turning Basin Construction $12,158 $731

Vessel Utilization Savings (Deepening Benefits)

Transportation costs for the without- and with-project conditions were estimated in one-foot
increments to compute the National Economic Development (NED) benefits associated with
the project deepening. The difference between the without- and with-project costs
represents the benefits of the deepened channel. Cost efficiencies accrue as vessels are able
to increase loading and reduce transits. It should be noted that delay reduction benefits that
are discussed and calculated in Cost Reduction Benefits are not part of the costs used to

estimate channel deepening benefits.
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Total transportation costs are estimated using the specifications of each vessel (average
deadweight, length overall, beam, design draft, speed, and so forth) along with estimated
vessel transit characteristics, transit mileage, and vessel hourly operating cost data
developed by the Corps’ Institute for Water Resources (IWR).

Vessels Potentially Benefiting from Channel Deepening

The Miami Harbor Port Authority provided vessel call data for fiscal year 1999. These data
were used to determine which vessels would benefit from deepening the Federal channel.
Vessels currently calling that could benefit from a deeper channel at Miami Harbor are the
Panamax Class vessels represented by the Maersk Sealand M-class container ships; vessels
expected to call in the future that could benefit are Post Panamax container ships, like the
design container ship, Susan Maersk, a Maersk Sealand S-class vessel. The analysis
assumes that as the Post Panamax vessels begin to call at Miami Harbor, they will gradually
replace smaller Sub Panamax vessels; in later years of the project, they will gradually
replace some of the Panamax vessels. The analysis focused on these vessel classes and their
proportion of the total cargo handled by the Port.

Vessel Specifications and Applied Lading Capacities
The vessel characteristics of all vessels calling during FY 1999 were obtained from Lloyd’s
Register of Ships, April 2001 CD-ROM.

The lading capacity by volume of the container vessel refers to the number of short tons of
cargo and container boxes the vessel will carry when its TEU slots are full, given the weight
of a typical container. The weight of a typical container incorporates the weight of the
container, the percentage of empty containers, and the average weight of the cargo carried in
a filled container.

Independent of its lading capacity by volume, the vessel’s lading capacity by weight refers
to the maximum number of tons of cargo it can hold regardless of whether its cargo area is
volumetrically filled; it equals the deadweight of the vessel less the weight of its non-cargo
components.

For a container vessel carrying many empty or light-weighted containers, the lading capacity
by weight may exceed the actual capacity of the vessel. For a vessel carrying many full and
heavy-weighted containers, the lading capacity by volume may exceed the actual capacity of
the vessel. The applied lading capacity of the container vessel refers to its actual capacity
given the percentage of empty containers it is carrying and the average weight of its filled
containers; it equals the lesser of the lading capacity by weight and the lading capacity by
volume.

Table A-33 shows the vessel specifications and applied lading capacities of the container
vessels expected to benefit from channel deepening. For the Susan Maersk and the Madison
Maersk, lading capacity by weight exceeds lading capacity by volume. This implies that the
number of TEU containers these vessels are designed to carry, given the expected weight of
the average container, is the factor that limits their capacities. The vessels could carry more
cargo, but only by increasing the average loaded weight of the containers they carry.
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For the other vessel classes shown, lading capacity by volume exceeds lading capacity by
weight. The capacity of each vessel is reached with fewer containers than it is designed to
carry, given the expected weight of the average container. This implies that the applied
lading capacities shown for these vessels closely represent the true maximum cargo weight
they are designed to carry. Increasing the average container weight would require reducing
the number of containers carried to compensate.

Fully-Loaded Transit Weight and Applied Maximum Transit Draft

The stated design draft of a vessel is related both to its rated deadweight and to the densest
cargo the vessel is designed to carry. The vessel’s deadweight assumes both a cargo
tonnage level based on the vessel’s lading capacity by weight and that the vessel contains
100 percent of its fuel, stores, water, and crew capacity, plus any ballast the vessel is
expected to carry. Accordingly, the design draft refers to the maximum possible draft of the
vessel.

In contrast, a vessel’s applied maximum transit draft is a more accurate prediction of the
vessel’s deepest draft when traversing a harbor because it is based on a lesser, more likely
non-cargo deadweight and a cargo weight equal to the vessel’s applied lading capacity. Fuel
(bunkerage) represents about 80 percent of non-cargo deadweight; stores, water, and crew
requirements together represent about 20 percent. The portion of the vessel’s fuel, stores,
water, and crew weight remaining upon the vessel’s arrival at Miami Harbor is estimated to
be two thirds of the full amount. A certain amount of ballast water will also be carried,
based on design specifications provided by vessel owners. Adding the adjusted non-cargo
weight to the adjusted cargo weight gives the total transit weight of the fully loaded vessel.

Specifically, the amount of weight a vessel carries drives its transit draft. Guidelines from
IWR provide the gross cargo capacity of a vessel as a percentage of its deadweight. For
example, (see Table A-33), the gross cargo capacity for the Regina Maersk is 94.2%, so the
most cargo weight the vessel is able to carry is 79,999 short tons. IWR also supplies
expected ballast as a percentage of deadweight, based on vessel type. For container vessels,
the ballast assumption is 7.88%, so for the Regina Maersk, ballast is expected to weigh
6,690 short tons. A vessel carrying 94.2% of its deadweight in cargo and 7.88% of its
deadweight in ballast would be expected to sail at its maximum, or design draft, because its
transit weight is expected to at least match, if not exceed, its deadweight.

However, container vessels often sail at less than their design drafts because the average
cargo weight carried per TEU slot is low enough that the TEU slots are accounted for—
either by cargo-filled containers, empty containers, or no container—before maximum cargo
by weight has been achieved. In this case, the vessel has “cubed out” because its lading
capacity by volume is less than its lading capacity by weight.

Whether a vessel first cubes out or reaches its cargo capacity by weight depends on both the
design of the vessel and conclusions concerning expected percentage of empty slots,
percentage of empty containers carried, and short tons per filled container, which drive the
calculation of average weight carried per TEU slot. For Miami Harbor, an analysis was
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conducted to determine the appropriate parameters to use in the determination of average
weight carried per TEU slot. This analysis included (1) as mentioned, IWR data (Table IV-
5, Adjustments For Estimating Actual Vessel Capacity, National Economic Development
Procedures Manual Deep Draft Navigation, IWR Report 91-R-13, November 1991), (2)
vessel capacity data from steamship companies, and (3) actual vessel call data from the
Port’s database.

The IWR factors (assumptions) for converting design capacity to maximum transit capacity
were used as a starting point for the fleet calling at Miami Harbor, as they are based on a
broad range of container vessels, under various conditions, which would be generally
applicable over time. As a refinement, Maersk graciously provided a detailed breakdown of
the deadweight for the design vessel, the SUSAN MAERSK: cargo deadweight, ballast,
bunkers and miscellaneous stores tonnage. Maersk also provided the immersion factor as
well as the average container weight (cargo and tare weight). The container weight
represents an average weight for most of Maersk’s services. This information was critical to
the analysis as the design vessel class accrues the most benefits from the channel
improvements over the 50-year study period.

The third set of data that was factored into the analysis to establish a maximum applied
transit capacity and draft was the actual “static” drafts recorded at the Port of Miami by the
Biscayne Bay Pilots Association in 1999. This information, which is displayed in Table A-
22, reflects current vessel itineraries. As can be observed when comparing the static drafts
in this table to the design and maximum applied transit drafts in Table A-33, the largest
Panamax container ships (LOA > 950 feet) do not typically fully utilize their design drafts
of 44 feet after taking into account underkeel clearance and tide use.

As shown in Table A-33, the maximum applied transit drafts of the ships representing each
vessel class are set below their design drafts except for three exceptions (two Post-Panamax
classes and the Sub-Panamax class) for reasons described above. It should be noted that the
maximum applied transit draft of the design vessel class (SUSAN MAERSK), which will
benefit most from the channel improvements, is set at 1.5 feet below its design draft. Thus,
even though containerized cargo is forecasted to grow over time, this class of vessels is
expected to typically draft less than its design draft.

The immersion rate is the number of tons stowed per inch of draft. Immersion rates are
developed for each vessel using an equation provided for different vessel types by the
Maritime Administration (MARAD) of the U.S. Department of Transportation. The key
vessel characteristics are design draft, length between perpendiculars, maximum breadth,
and service speed.

The difference between the total transit weight and the deadweight divided by the
immersion rate produces the expected deviation from the design draft in inches. Applying
this deviation to the design draft yields the applied maximum transit draft of the vessel,
which corresponds to the expected draft of the fully loaded vessel on a typical arrival to or
departure from Miami Harbor. In cases in which the total transit weight exceeds the
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deadweight, zero deviation from deadweight is used, so the calculated applied maximum
transit draft equals the design draft.

Table A-33 shows the fully loaded transit weight and applied maximum transit drafts of the
container vessels expected to benefit from channel deepening.

Table A-33: Vessel Specifications and Applied Lading Capacities of Benefiting Container Vessel

Fleet at Miarmi Harbor
Composite Madison
Susan Maersk | Regina Maersk| Other Post- Maersk Zim Asia (Sub-
(Post-Panamax)| (Post-Panamax) Panamax (Panamax) Panamax)

Deadweight (Short Tons) 104,696 84,900 67,417 66,524 50,540
Length Between Perpendiculars 1,088 992 863 933 792
Extreme Breadth 140 141 132 106 106
Design Draft (Feet) 47.6 45.9 46.0 44.4 38.6
Speed (Knots per Hours) 24.6 25.0 25.5 24.0 21.7
Gross Cargo Capacity 95.5% 94.2% 93.3% 93.3% 92.3%
Lading Capacity by Weight (Short Tons) 100,011 79,999 62,869 62,036 46,639
TEU Capacity 6,418 6,418 5,340 3,922 3,429
Lading Capacity by Volume 88,008 88,008 73,222 53,781 47,021
Applied Lading Capacity (Short Tons) 88,008 79,999 62,869 53,781 46,639
Bunkerage, Stores, Water, Crew (Short Tons) 3,123 3,267 3,032 2,992 2,601
Ballast (Short Tons) 8,250 6,690 5,312 5,242 3,983
Fully Loaded Transit Weight 99,381 89,956 71,213 62,015 53,222
Block Plane Coefficient 0.66 0.62 0.59 0.67 0.65
Water Plane Coefficient 0.79 0.76 0.74 0.80 0.78
Immersion Rate (Short Tons per Inch) 320.22 257.20 203.68 190.78 159.11
Deviation from Design Draft (feet) 1.38 0.00 0.00 1.97 0.00
Applied Maximum Transit Draft 46.2 45.9 46.0 42.4 38.6
Fully Loaded Transit Depth Requirement 49.2 48.9 49.0 45.4 41.6

Underkeel Clearance

A sample of historical transit drafts of vessels calling at Miami Harbor were matched with
actual tide elevations occurring at the times of transit. These data were assembled in
spreadsheets and analyzed to identify the minimum underkeel clearance used by each vessel
as it transited the channel. The analysis showed that the historical minimum underkeel

clearance is at least three feet for Panamax container ships.

Maersk Sealand has a standard of 1.1 meters (3.6 feet) for underkeel clearance for its
containerships when they are underway. A review of current practice for the Maersk
Sealand Panamax Class (M-class) shows that they use at least three feet of underkeel
clearance at the dock. Taking into consideration the Corps of Engineers channel design
standard of three feet of underkeel clearance for hard bottom channels, the current actual
practice of using at least three feet of underkeel clearance at the dock, and the Maersk
Sealand standard of 3.6 feet of underkeel clearance while underway, three feet of underkeel
clearance was used for the economic analysis for the large container ships. It should be
noted that through a partnering agreement other shipping companies ship their containers on
the Maersk Sealand vessels. So, with respect to Maersk Sealand vessels, the Maersk
Sealand M-class and S-class container ships are considered generic; that is, they represent
similar size container ships owned by other shipping companies.
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Fully Loaded Transit Depth Requirement

The applied maximum transit draft of the vessel plus the appropriate underkeel allowance
equals the fully loaded transit depth requirement of the vessel, which is shown for each
container vessel class in Table A-33.

Vessel Itineraries

Trade routes for the benefiting vessels are discussed in a previous section entitled “Current
Trade Routes and Vessel Itineraries.” For benefit estimation, these trade routes were
standardized into the following three trade routes: Far East, Mediterranean, and European.

Applicable Channel Constraint, Applied Maximum Transit Depth, Actual Transit Drafi,
Lading in Short Tons, and Total Transit Weight of Vessel

A critical factor in the analysis is whether the drafts of the container ships calling at Miami
Harbor are constrained by the channel depths at the previous and subsequent ports of call or
by depths in canals such as the Suez Canal or the Panama Canal. The channel depths of
ports within trade route itineraries are presented in Table A-25. The constraining channel
depths of concern to each itinerary and vessel class are displayed in Table A-34 through
Table A-43.

The applied maximum transit depth, which is a function of the vessel and its trade route, is
the greatest depth a vessel transiting Miami Harbor could utilize given its maximum transit
draft and the constraints it faces at its port of origin or destination or required canal transit.
Light loading by the vessel could be eliminated by additional increments of deepening at
Miami Harbor as long as the applied maximum transit depth is greater than the without-
project depth. The point at which the channel depth equals the applied maximum transit
depth is the point at which the channel depth fully accommodates the vessel’s needs; no
additional depth is beneficial for that vessel.

The actual transit draft of the vessel is the lesser of the channel depth and the maximum
transit depth, less the underkeel allowance. The deviation of the actual transit draft from the
maximum transit draft applied to the immersion factor gives the amount of light loading
necessary to accommodate the actual transit depth. Subtracting the light-loaded tonnage
from the applied lading capacity results in the actual short tons carried by the arriving or
departing vessel. This actual lading increases as the channel is deepened until light loading
has been eliminated.

Adding the actual lading at each channel depth to the estimated short tons of crew, stores,
water, bunkerage, and ballast carried by the transiting vessel (see Table A-33) produces the
expected total transit weight of the vessel at each channel depth.

Tables A-34 to A-43 show the channel or canal constraint, the applied maximum transit
depth, the actual transit draft by project depth, lading in short tons by project depth, and the
total transit weight of the vessel by project depth of each vessel class for each trade route for
the inbound and outbound transits at Miami Harbor.
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Table A-34: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Inbound Susan Maersk at Miami

Harbor

Susan Maersk (Post;
Panamax) - Far
East Trade Region

Susan Maersk (Post;
Panamax) - Europe
Trade Region

Susan Maersk (Post
Panamax) -
Mediterranean
Trade Region

Channel or Canal Restraint

Hong Kong, China|

U.S. East Coast Port

U.S. East Coast Port|

Channel Constraint at Port of Origin

or Canal Restraint (Feet) 49.2 49.0 49.0
Applied Maximum Transit Depth 49.2 49.0 49.0
Actual Transit Draft at 42 Feet 39.0 39.0 39.0
Actual Transit Draft at 43 Feet 40.0 40.0 40.0
Actual Transit Draft at 44 Feet 41.0 41.0 41.0
Actual Transit Draft at 45 Feet 42.0 42.0 42.0
Actual Transit Draft at 46 Feet 43.0 43.0 43.0
Actual Transit Draft at 47 Feet 44.0 44.0 44.0
Actual Transit Draft at 48 Feet 45.0 45.0 45.0
Actual Transit Draft at 49 Feet 46.0 46.0 46.0
Actual Transit Draft at 50 Feet 46.2 46.0 46.0
Lading at 42 Feet 60,391 60,391 60,391
Lading at 43 Feet 64,234 64,234 64,234
Lading at 44 Feet 68,076 68,076 68,076
Lading at 45 Feet 71,919 71,919 71,919
Lading at 46 Feet 75,762 75,762 75,762
Lading at 47 Feet 79,604 79,604 79,604
Lading at 48 Feet 83,447 83,447 83,447
Lading at 49 Feet 87,290 87,290 87,290
Lading at 50 Feet 88,008 87,290 87,290
Total Transit Weight - 42 Feet 71,764 71,764 71,764
Total Transit Weight - 43 Feet 75,607 75,607 75,607
Total Transit Weight - 44 Feet 79,450 79,450 79,450
Total Transit Weight - 45 Feet 83,292 83,292 83,292
Total Transit Weight - 46 Feet 87,135 87,135 87,135
Total Transit Weight - 47 Feet 90,978 90,978 90,978
Total Transit Weight - 48 Feet 94,820 94,820 94,820
Total Transit Weight - 49 Feet 98,663 98,663 98,663
Total Transit Weight - 50 Feet 99,381 98,663 98,663
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Table A-35: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Outbound Susan Maersk at Miami

Harbor

Susan Maersk (Post{
Susan Maersk (Post{ Susan Maersk (Post] Panamax) -
Panamax) - Far | Panamax) - Europe| Mediterranean
East Trade Region Trade Region Trade Region
Southampton,
Channel or Canal Restraint U.S. East Coast Port| England Valletta, Malta
Channel Constraint at Port of Origin

or Canal Restraint (Feet) 49.0 49.2 50.6
Actual Transit Draft at 42 Feet 39.0 39.0 39.0
Actual Transit Draft at 43 Feet 40.0 40.0 40.0
Actual Transit Draft at 44 Feet 41.0 41.0 41.0
Actual Transit Draft at 45 Feet 42.0 42.0 42.0
Actual Transit Draft at 46 Feet 43.0 43.0 43.0
Actual Transit Draft at 47 Feet 44.0 44.0 44.0
Actual Transit Draft at 48 Feet 45.0 45.0 45.0
Actual Transit Draft at 49 Feet 46.0 46.0 46.0
Actual Transit Draft at 50 Feet 46.0 46.2 46.2
Lading at 42 Feet 60,391 60,391 60,391
Lading at 43 Feet 64,234 64,234 64,234
Lading at 44 Feet 68,076 68,076 68,076
Lading at 45 Feet 71,919 71,919 71,919
Lading at 46 Feet 75,762 75,762 75,762
Lading at 47 Feet 79,604 79,604 79,604
Lading at 48 Feet 83,447 83,447 83,447
Lading at 49 Feet 87,290 87,290 87,290
Lading at 50 Feet 87,290 88,008 88,008
Total Transit Weight - 42 Feet 71,764 71,764 71,764
Total Transit Weight - 43 Feet 75,607 75,607 75,607
Total Transit Weight - 44 Feet 79,450 79,450 79,450
Total Transit Weight - 45 Feet 83,292 83,292 83,292
Total Transit Weight - 46 Feet 87,135 87,135 87,135
Total Transit Weight - 47 Feet 90,978 90,978 90,978
Total Transit Weight - 48 Feet 94,820 94,820 94,820
Total Transit Weight - 49 Feet 98,663 98,663 98,663
Total Transit Weight - 50 Feet 98,663 99,381 99,381
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Table A-36: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Inbound Regina Maersk at Miami

Harbor
Regina Maersk Regina Maersk Regina Maersk
(Post-Panamax) - | (Post-Panamax) - | (Post-Panamax) -
Far East Trade Europe Trade Mediterranean
Region Region Trade Region

Channel or Canal Restraint

Hong Kong, China|

U.S. East Coast Port|

U.S. East Coast Port|

Channel Constraint at Port of Origin

or Canal Restraint (Feet) 49.2 49.0 49.0
Applied Maximum Transit Depth 48.9 48.9 48.9
Actual Transit Draft at 42 Feet 39.0 39.0 39.0
Actual Transit Draft at 43 Feet 40.0 40.0 40.0
Actual Transit Draft at 44 Feet 41.0 41.0 41.0
Actual Transit Draft at 45 Feet 42.0 42.0 42.0
Actual Transit Draft at 46 Feet 43.0 43.0 43.0
Actual Transit Draft at 47 Feet 44.0 44.0 44.0
Actual Transit Draft at 48 Feet 45.0 45.0 45.0
Actual Transit Draft at 49 Feet 45.9 459 45.9
Actual Transit Draft at 50 Feet 45.9 459 45.9
Lading at 42 Feet 58,703 58,703 58,703
Lading at 43 Feet 61,789 61,789 61,789
Lading at 44 Feet 64,876 64,876 64,876
Lading at 45 Feet 67,962 67,962 67,962
Lading at 46 Feet 71,048 71,048 71,048
Lading at 47 Feet 74,135 74,135 74,135
Lading at 48 Feet 77,221 77,221 77,221
Lading at 49 Feet 79,999 79,999 79,999
Lading at 50 Feet 79,999 79,999 79,999
Total Transit Weight - 42 Feet 68,660 68,660 68,660
Total Transit Weight - 43 Feet 71,747 71,747 71,747
Total Transit Weight - 44 Feet 74,833 74,833 74,833
Total Transit Weight - 45 Feet 77,919 77,919 77,919
Total Transit Weight - 46 Feet 81,006 81,006 81,006
Total Transit Weight - 47 Feet 84,092 84,092 84,092
Total Transit Weight - 48 Feet 87,179 87,179 87,179
Total Transit Weight - 49 Feet 89,956 89,956 89,956
Total Transit Weight - 50 Feet 89,956 89,956 89,956
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Table A-37: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Outbound Regina Maersk at

Miami Harbor

Regina Maersk Regina Maersk Regina Maersk
(Post-Panamax) - | (Post-Panamax) - | (Post-Panamax) -
Far East Trade Europe Trade Mediterranean
Region Region Trade Region
Southampton,

Channel or Canal Restraint U.S. East Coast Port| England Valletta, Malta
Channel Constraint at Port of Origin

or Canal Restraint (Feet) 49.0 49.2 50.6
Actual Transit Draft at 42 Feet 39.0 39.0 39.0
Actual Transit Draft at 43 Feet 40.0 40.0 40.0
Actual Transit Draft at 44 Feet 41.0 41.0 41.0
Actual Transit Draft at 45 Feet 42.0 42.0 42.0
Actual Transit Draft at 46 Feet 43.0 43.0 43.0
Actual Transit Draft at 47 Feet 44.0 44.0 44.0
Actual Transit Draft at 48 Feet 45.0 45.0 45.0
Actual Transit Draft at 49 Feet 459 45.9 45.9
Actual Transit Draft at 50 Feet 45.9 45.9 45.9
Lading at 42 Feet 58,703 58,703 58,703
Lading at 43 Feet 61,789 61,789 61,789
Lading at 44 Feet 64,876 64,876 64,876
Lading at 45 Feet 67,962 67,962 67,962
Lading at 46 Feet 71,048 71,048 71,048
Lading at 47 Feet 74,135 74,135 74,135
Lading at 48 Feet 77,221 77,221 77,221
Lading at 49 Feet 79,999 79,999 79,999
Lading at 50 Feet 79,999 79,999 79,999
Total Transit Weight - 42 Feet 68,660 68,660 68,660
Total Transit Weight - 43 Feet 71,747 71,747 71,747
Total Transit Weight - 44 Feet 74,833 74,833 74,833
Total Transit Weight - 45 Feet 77,919 77,919 77,919
Total Transit Weight - 46 Feet 81,006 81,006 81,006
Total Transit Weight - 47 Feet 84,092 84,092 84,092
Total Transit Weight - 48 Feet 87,179 87,179 87,179
Total Transit Weight - 49 Feet 89,956 89,956 89,956
Total Transit Weight - 50 Feet 89,956 89,956 89,956
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Table A-38: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Inbound Composite Other Post-
Panamax Container Vessels at Miami Harbor

Composite Other | Composite Other

Composite Other Post-Panamax - Post-Panamax -
Post-Panamax - Far| Europe Trade Mediterranean
East Trade Region Region Trade Region

Channel or Canal Restraint

Hong Kong, China

U.S. East Coast Port|

U.S. East Coast Port|

Channel Constraint at Port of Origin

or Canal Restraint (Feet) 49.2 49.0 49.0
Applied Maximum Transit Depth 49.0 49.0 49.0
Actual Transit Draft at 42 Feet 39.0 39.0 39.0
Actual Transit Draft at 43 Feet 40.0 40.0 40.0
Actual Transit Draft at 44 Feet 41.0 41.0 41.0
Actual Transit Draft at 45 Feet 42.0 42.0 42.0
Actual Transit Draft at 46 Feet 43.0 43.0 43.0
Actual Transit Draft at 47 Feet 44.0 44.0 44.0
Actual Transit Draft at 48 Feet 45.0 45.0 45.0
Actual Transit Draft at 49 Feet 46.0 46.0 46.0
Actual Transit Draft at 50 Feet 46.0 46.0 46.0
Lading at 42 Feet 45,759 45,759 45,759
Lading at 43 Feet 48,204 48,204 48,204
Lading at 44 Feet 50,648 50,648 50,648
Lading at 45 Feet 53,092 53,092 53,092
Lading at 46 Feet 55,536 55,536 55,536
Lading at 47 Feet 57,980 57,980 57,980
Lading at 48 Feet 60,424 60,424 60,424
Lading at 49 Feet 62,869 62,869 62,869
Lading at 50 Feet 62,869 62,869 62,869
Total Transit Weight - 42 Feet 54,104 54,104 54,104
Total Transit Weight - 43 Feet 56,548 56,548 56,548
Total Transit Weight - 44 Feet 58,992 58,992 58,992
Total Transit Weight - 45 Feet 61,436 61,436 61,436
Total Transit Weight - 46 Feet 63,881 63,881 63,881
Total Transit Weight - 47 Feet 66,325 66,325 66,325
Total Transit Weight - 48 Feet 68,769 68,769 68,769
Total Transit Weight - 49 Feet 71,213 71,213 71,213
Total Transit Weight - 50 Feet 71,213 71,213 71,213
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Table A-39: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Outbound Composite Other Post-
Panamax Container Vessels at Miami Harbor

Composite Other | Composite Other
Composite Other Post-Panamax - Post-Panamax -
Post-Panamax - Far| Europe Trade Mediterranean
East Trade Region Region Trade Region
Southampton,

Channel or Canal Restraint U.S. East Coast Port England Valletta, Maltal
Channel Constraint at Port of Origin|

or Canal Restraint (Feet) 49.0 49.2 50.6
Actual Transit Draft at 42 Feet 39.0 39.0 39.0
Actual Transit Draft at 43 Feet 40.0 40.0 40.0
Actual Transit Draft at 44 Feet 41.0 41.0 41.0
Actual Transit Draft at 45 Feet 42.0 42.0 42.0
Actual Transit Draft at 46 Feet 43.0 43.0 43.0
Actual Transit Draft at 47 Feet 44.0 44.0 44.0
Actual Transit Draft at 48 Feet 45.0 45.0 45.0
Actual Transit Draft at 49 Feet 46.0 46.0 46.0
Actual Transit Draft at 50 Feet 46.0 46.0 46.0
Lading at 42 Feet 45,759 45,759 45,759
Lading at 43 Feet 48,204 48,204 48,204
Lading at 44 Feet 50,648 50,648 50,648
Lading at 45 Feet 53,092 53,092 53,092
Lading at 46 Feet 55,536 55,536 55,536
Lading at 47 Feet 57,980 57,980 57,980
Lading at 48 Feet 60,424 60,424 60,424
Lading at 49 Feet 62,869 62,869 62,869
Lading at 50 Feet 62,869 62,869 62,869
Total Transit Weight - 42 Feet 54,104 54,104 54,104
Total Transit Weight - 43 Feet 56,548 56,548 56,548
Total Transit Weight - 44 Feet 58,992 58,992 58,992
Total Transit Weight - 45 Feet 61,436 61,436 61,436
Total Transit Weight - 46 Feet 63,881 63,881 63,881
Total Transit Weight - 47 Feet 66,325 66,325 66,325
Total Transit Weight - 48 Feet 68,769 68,769 68,769
Total Transit Weight - 49 Feet 71,213 71,213 71,213
Total Transit Weight - 50 Feet 71,213 71,213 71,213
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Table A-40: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Inbound Madison Maersk at

Miami Harbor

Madison Maersk
Madison Maersk | Madison Maersk (Panamax) -
(Panamax) - Far |(Panamax) - Europe] Mediterranean
East Trade Region Trade Region Trade Region

Channel or Canal Restraint

Panama Canal

U.S. East Coast Port

U.S. East Coast Port

Channel Constraint at Port of Origin

or Canal Restraint (Feet) 39.0 49.0 49.0
Applied Maximum Transit Depth 39.0 454 454
Actual Transit Draft at 42 Feet 36.0 39.0 39.0
Actual Transit Draft at 43 Feet 36.0 40.0 40.0
Actual Transit Draft at 44 Feet 36.0 41.0 41.0
Actual Transit Draft at 45 Feet 36.0 42.0 42.0
Actual Transit Draft at 46 Feet 36.0 424 42.4
Actual Transit Draft at 47 Feet 36.0 42.4 424
Actual Transit Draft at 48 Feet 36.0 42.4 424
Actual Transit Draft at 49 Feet 36.0 42.4 424
Actual Transit Draft at 50 Feet 36.0 42.4 42.4
Lading at 42 Feet 39,159 46,027 46,027
Lading at 43 Feet 39,159 48,316 48,316
Lading at 44 Feet 39,159 50,606 50,606
Lading at 45 Feet 39,159 52,895 52,895
Lading at 46 Feet 39,159 53,781 53,781
Lading at 47 Feet 39,159 53,781 53,781
Lading at 48 Feet 39,159 53,781 53,781
Lading at 49 Feet 39,159 53,781 53,781
Lading at 50 Feet 39,159 53,781 53,781
Total Transit Weight - 42 Feet 47393 54,261 54,261
Total Transit Weight - 43 Feet 47,393 56,550 56,550
Total Transit Weight - 44 Feet 47,393 58,840 58,840
Total Transit Weight - 45 Feet 47,393 61,129 61,129
Total Transit Weight - 46 Feet 47,393 62,015 62,015
Total Transit Weight - 47 Feet 47,393 62,015 62,015
Total Transit Weight - 48 Feet 47,393 62,015 62,015
Total Transit Weight - 49 Feet 47,393 62,015 62,015
Total Transit Weight - 50 Feet 47,393 62,015 62,015
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Table A-41: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Outbound Madison Maersk at

Miami Harbor

Madison Maersk
Madison Maersk | Madison Maersk (Panamax) -
(Panamax) - Far |(Panamax) - Europe| Mediterranean
East Trade Region Trade Region Trade Region
Southampton,

Channel or Canal Restraint U.S. East Coast Port England| Valletta, Malta
Channel Constraint at Port of Origin

or Canal Restraint (Feet) 49.0 49.2 50.6
Actual Transit Draft at 42 Feet 39.0 39.0 39.0
Actual Transit Draft at 43 Feet 40.0 40.0 40.0
Actual Transit Draft at 44 Feet 41.0 41.0 41.0
Actual Transit Draft at 45 Feet 42.0 42.0 42.0
Actual Transit Draft at 46 Feet 42.4 424 424
Actual Transit Draft at 47 Feet 424 424 424
Actual Transit Draft at 48 Feet 424 424 42.4
Actual Transit Draft at 49 Feet 424 424 42.4
Actual Transit Draft at 50 Feet 42 .4 424 42.4
Lading at 42 Feet 46,027 46,027 46,027
Lading at 43 Feet 48316 48,316 48,316
Lading at 44 Feet 50,606 50,606 50,606
Lading at 45 Feet 52,895 52,895 52,895
Lading at 46 Feet 53,781 53,781 53,781
Lading at 47 Feet 53,781 53,781 53,781
Lading at 48 Feet 53,781 53,781 53,781
Lading at 49 Feet 53,781 53,781 53,781
Lading at 50 Feet 53,781 53,781 53,781
Total Transit Weight - 42 Feet 54,261 54,261 54,261
Total Transit Weight - 43 Feet 56,550 56,550 56,550
Total Transit Weight - 44 Feet 58,840 58,840 58,840
Total Transit Weight - 45 Feet 61,129 61,129 61,129
Total Transit Weight - 46 Feet 62,015 62,015 62,015
Total Transit Weight - 47 Feet 62,015 62,015 62,015
Total Transit Weight - 48 Feet 62,015 62,015 62,015
Total Transit Weight - 49 Feet 62,015 62,015 62,015
Total Transit Weight - 50 Feet 62,015 62,015 62,015

82



Table A-42: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for nbound Zim Asia at Miami

Harbor
Zim Asia (Sub-
Zim Asia (Sub- Zim Asia (Sub- Panamax) -
Panamax) - Far | Panamax) - Europe| Mediterranean
East Trade Region Trade Region Trade Region

Channel or Canal Restraint

Panama Canal|

U.S. East Coast Port

U.S. East Coast Port

Channel Constraint at Port of Origin

or Canal Restraint (Feet) 39.0 49.0 49.0
Applied Maximum Transit Depth 39.0 41.6 41.6
Actual Transit Draft at 42 Feet 36.0 38.6 38.6
Actual Transit Draft at 43 Feet 36.0 38.6 38.6
Actual Transit Draft at 44 Feet 36.0 38.6 38.6
Actual Transit Draft at 45 Feet 36.0 38.6 38.6
Actual Transit Draft at 46 Feet 36.0 38.6 38.6
Actual Transit Draft at 47 Feet 36.0 38.6 38.6
Actual Transit Draft at 48 Feet 36.0 38.6 38.6
Actual Transit Draft at 49 Feet 36.0 38.6 38.6
Actual Transit Draft at 50 Feet 36.0 38.6 38.6
Lading at 42 Feet 41,674 46,639 46,639
Lading at 43 Feet 41,674 46,639 46,639
Lading at 44 Feet 41,674 46,639 46,639
Lading at 45 Feet 41,674 46,639 46,639
Lading at 46 Feet 41,674 46,639 46,639
Lading at 47 Feet 41,674 46,639 46,639
Lading at 48 Feet 41,674 46,639 46,639
Lading at 49 Feet 41,674 46,639 46,639
Lading at 50 Feet 41,674 46,639 46,639
Total Transit Weight - 42 Feet 48,258 53,222 53,222
Total Transit Weight - 43 Feet 48,258 53,222 53,222
Total Transit Weight - 44 Feet 48,258 53,222 53,222
Total Transit Weight - 45 Feet 48,258 53,222 53,222
Total Transit Weight - 46 Feet 48,258 53,222 53,222
Total Transit Weight - 47 Feet 48,258 53,222 53,222
Total Transit Weight - 48 Feet 48,258 53,222 53,222
Total Transit Weight - 49 Feet 48,258 53,222 53,222
Total Transit Weight - 50 Feet 48,258 53,222 53,222
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Table A-43: Channel or Canal Restraint, Applied Maximum Transit Depth, Actual Transit Draft,
Lading in Short Tons, and Total Transit Weight in Short Tons for Outbound Zim Asia at Miami

Harbor
Zim Asia (Sub-
Zim Asia (Sub- Zim Asia (Sub- Panamax) -
Panamax) - Far | Panamax) - Europe| Mediterranean
East Trade Region Trade Region Trade Region
Southampton,
Channel or Canal Restraint U.S. East Coast Port] England Valletta, Malta|
Channel Constraint at Port of Origin
or Canal Restraint (Feet) 49.0 49.2 50.6
Actual Transit Draft at 42 Feet 38.6 38.6 38.6
Actual Transit Draft at 43 Feet 38.6 38.6 38.6
Actual Transit Draft at 44 Feet 38.6 38.6 38.6
Actual Transit Draft at 45 Feet 38.6 38.6 38.6
Actual Transit Draft at 46 Feet 38.6 38.6 38.6
Actual Transit Draft at 47 Feet 38.6 38.6 38.6
Actual Transit Draft at 48 Feet 38.6 38.6 38.6
Actual Transit Draft at 49 Feet 38.6 38.6 38.6
Actual Transit Draft at 50 Feet 38.6 38.6 38.6
Lading at 42 Feet 46,639 46,639 46,639
Lading at 43 Feet 46,639 46,639 46,639
Lading at 44 Feet 46,639 46,639 46,639
Lading at 45 Feet 46,639 46,639 46,639
Lading at 46 Feet 46,639 46,639 46,639
Lading at 47 Feet 46,639 46,639 46,639
Lading at 48 Feet 46,639 46,639 46,639
Lading at 49 Feet 46,639 46,639 46,639
Lading at 50 Feet 46,639 46,639 46,639
Total Transit Weight - 42 Feet 53,222 53,222 53,222
Total Transit Weight - 43 Feet 53,222 53,222 53,222
Total Transit Weight - 44 Feet 53,222 53,222 53,222
Total Transit Weight - 45 Feet 53,222 53,222 53,222
Total Transit Weight - 46 Feet 53,222 53,222 53,222
Total Transit Weight - 47 Feet 53,222 53,222 53,222
Total Transit Weight - 48 Feet 53,222 53,222 53,222
Total Transit Weight - 49 Feet 53,222 53,222 53,222
Total Transit Weight - 50 Feet 53,222 53,222 53,222

Number of Calls and Total Tonnage Transported
The analysis predicts a gradual transition to larger vessels for the life of the project in both

the without- and with-project conditions. The assumed distribution of calls for each year of
the project is a function of the distribution of calls that actually occurred in 1999. In the first

year of the project, approximately four percent of the predicted calls are by Post-Panamax
vessels, with a corresponding reduction in the number of Panamax vessel calls; Panamax
vessels replace Sub-Panamax vessels at the same rate. The net effect is no change in the
number of Panamax vessel calls, and a reduction in the number of Sub-Panamax vessel
calls. The number of Post-Panamax vessel calls increases in a straight-line fashion until
year 50 of the project when these calls represent approximately 77 percent of the predicted
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calls; in the year range 36-40, the Sub-Panamax vessel class disappears from the predicted
calls and the additional Post-Panamax vessels begin replacing Panamax vessels instead.

Post-Panamax vessel calls are equally distributed among the three Post-Panamax vessel
classes for each year range. Table A-44 displays the distribution of predicted vessel calls
for the life of the project. Table A-45 displays the actual predicted vessel calls for each
vessel class for the life of the project, based on the predicted distribution of calls, the
capacity of each vessel class, and the predicted tonnage for each year range.

Table A-44: Expected Percentage of Calls by Vessel Class for the Life of the Project in Both the
Without-Project and With-Project Conditions

Susan Maersk Regina Maersk | Composite Other | Madison Maersk Zim Asia (Sub-
(Post-Panamax) (Post-Panamax) Post-Panamax (Panamax) Panamax)
Project Year Percentage of Calls{Percentage of Calls|Percentage of Calls|Percentage of Calls|Percentage of Calls
2002 0% 0% 0% 45% 55%
Years1-5 1% 1% 1% 45% 51%
Years 6 - 10 4% 4% 4% 45% 43%
Years 11 -15 7% 7% 7% 45% 35%
Years 16 - 20 9% 9% 9% 45% 27%
Years 21 - 25 12% 12% 12% 45% 19%
Years 26 - 30 15% 15% 15% 45% 11%
Years 31 - 35 18% 18% 18% 45% 2%
Years 36 - 40 20% 20% 20% 39% 0%
Years 41 - 45 23% 23% 23% 31% 0%
Years 46 - 50 26% 26% 26% 23% 0%

Table A-45: Expected Total Calls by Vessel Class for the Life of the Project in Both the Without-
Project and With-Project Conditions

Susan Maersk Regina Maersk | Composite Other | Madison Maersk | Zim Asia (Sub-
(Post-Panamax) (Post-Panamax) Post-Panamax (Panamax) Panamax)
Project Year Predicted Calls Predicted Calls Predicted Calls Predicted Calls Predicted Calls
Years 1 -5 4 4 4 141 162
Years 6 - 10 15 15 15 178 172
Years 11 - 15 38 38 38 249 195
Years 16 - 20 71 71 71 338 203
Years 21 - 25 118 118 118 444 186
Years 26 - 30 176 176 176 529 126
Years 31 - 35 246 246 246 631 36
Years 36 - 40 337 337 337 660 0
Years 41 - 45 463 463 463 625 0
Years 46 - 50 614 614 614 553 0

The number of predicted calls for each vessel class times the capacity of each vessel class at
each channel depth for the inbound and outbound transit results in a yearly capacity by
vessel class for the inbound and outbound transit. The predicted inbound yearly capacities
of each vessel class at each depth are shown in Tables A-46 to A-54.
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Table A-46: Capacities of Inbound Fleet in Short Tons by Vessel Class and Project Year at 42 Feet

of Channel Depth
Composite Madison
Susan Maersk | Regina Maersk | Other Post- Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax) | Panamax Total (Panamax) |Panamax) Total
Project Year | Total Capacity | Total Capacity Capacity Total Capacity Capacity

Years 1 -5 241,564 234 811 183,037 5,521,373 5,000,937
Years 6 - 10 905,865 880,543 686,390 6,970,244 4,209,122
Years 11 - 15 2,294,857 2,230,708 1,738,854 9,750,510 3,417,307
Years 16 - 20 4,287,760 4,167,902 3,248,912 13,235,633 2,625,492
Years 21 - 25 7,126,136 6,926,936 5,399,601 17,386,452 1,833,677
Years 26 - 30 10,628,814 10,331,701 8,053,642 20,714,940 1,041,862
Years 31 - 35 14,856,183 14,440,900 11,256,795 24,709,125 250,047
Years 36 - 40 20,351,762 19,782,858 15,420,893 25,844,726 0
Years 41 - 45 27,961,027 27,179,417 21,186,569 24,474,173 0
Years 46 - 50 37,080,066 36,043,546 28,096,227 21,654,748 0

Table A-47: Capacities of Inbound Fleet in Short Tons by Vessel Class and Project Year at 43 Feet

of Channel Depth
Composite Madison
Susan Maersk | Regina Maersk | Other Post- Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax) | Panamax Total (Panamax) |Panamax) Total
Project Year | Total Capacity | Total Capacity Capacity Total Capacity Capacity

Years 1 - 5 256,935 247,157 192,814 5,521,373 6,751,265
Years 6 - 10 963,505 926,839 723,053 6,970,244 7,168,009
Years 11 -15 2,440,879 2,347,991 1,831,733 9,750,510 8,126,522
Years 16 - 20 4,560,591 4,387,036 3,422,449 13,235,633 8,459,918
Years 21 - 25 7,579,573 7,291,130 5,688,014 17,386,452 7,751,452
Years 26 - 30 11,305,126 10,874,905 8,483,818 20,714,940 5,250,984
Years 31 - 35 15,801,483 15,200,152 11,858,064 24,709,125 1,500,281
Years 36 - 40 21,646,747 20,822,972 16,244,584 25,844,726 0
Years 41 - 45 29,740,189 28,608,416 22,318,226 24,474,173 0
Years 46 - 50 39,439,473 37,938,590 29,596,956 21,654,748 0
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Table A-48: Capacities of Inbound Fleet in Short Tons by Vessel Class and Project Year at 44 Feet

of Channel Depth
Composite Madison
Susan Maersk | Regina Maersk | Other Post- Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax) | Panamax Total (Panamax) |Panamax) Total
Project Year | Total Capacity | Total Capacity Capacity Total Capacity Capacity

Years 1 -5 272,305 259,503 202,591 5,521,373 6,751,265
Years 6 - 10 1,021,145 973,134 759,715 6,970,244 7,168,009
Years 11 - 15 2,586,901 2,465,274 1,924,612 9,750,510 8,126,522
Years 16 - 20 4,833,421 4,606,169 3,595,986 13,235,633 8,459,918
Years 21 - 25 8,033,010 7,655,324 5,976,428 17,386,452 7,751,452
Years 26 - 30 11,981,438 11,418,110 8,913,995 20,714,940 5,250,984
Years 31 - 35 16,746,783 15,959,404 12,459,333 24,709,125 1,500,281
Years 36 - 40 22,941,731 21,863,086 17,068,274 25,844,726 0
Years 41 - 45 31,519,351 30,037,414 23,449,883 24,474,173 0
Years 46 - 50 41,798,880 39,833,634 31,097,685 21,654,748 0

Table A-49: Capacities of Inbound Fleet in Short Tons by Vessel Class and Project Year at 45 Feet

of Channel Depth
Composite Madison
Susan Maersk | Regina Maersk| Other Post- Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax) | Panamax Total (Panamax) |Panamax) Total
Project Year | Total Capacity | Total Capacity Capacity Total Capacity Capacity

Years 1 -5 287,676 271,848 212,368 5,521,373 6,751,265
Years 6 - 10 1,078,786 1,019,430 796,378 6,970,244 7,168,009
Years 11 - 15 2,732,923 2,582,557 2,017,491 9,750,510 8,126,522
Years 16 - 20 5,106,252 4,825,303 3,769,524 13,235,633 8,459,918
Years 21 - 25 8,486,446 8,019,518 6,264,842 17,386,452 7,751,452
Years 26 - 30 12,657,750 11,961,315 9,344,171 20,714,940 5,250,984
Years 31 - 35 17,692,083 16,718,656 13,060,603 24,709,125 1,500,281
Years 36 - 40 24,236,715 22,903,199 17,891,964 25,844,726 0
Years 41 - 45 33,298,513 31,466,413 24,581,541 24,474,173 0
Years 46 - 50 44,158,288 41,728,678 32,598,415 21,654,748 0
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Table A-50: Capacities of Inbound Fleet in Short Tons by Vessel Class and Project Year at 46 Feet

of Channel Depth
Composite Madison
Susan Maersk | Regina Maersk { Other Post- Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax) | Panamax Total (Panamax) |Panamax) Total
Project Year | Total Capacity | Total Capacity Capacity Total Capacity Capacity

Years 1 - 5 303,047 284,194 222,144 5,521,373 6,751,265
Years 6 - 10 1,136,426 1,065,726 833,041 6,970,244 7,168,009
Years 11 - 15 2,878,945 2,699,839 2,110,370 9,750,510 8,126,522
Years 16 - 20 5,379,082 5,044,437 3,943,061 13,235,633 8,459,918
Years 21 - 25 8,939,883 8,383,712 6,553,256 17,386,452 7,751,452
Years 26 - 30 13,334,062 12,504,520 9,774,347 20,714,940 5,250,984
Years 31 - 35 18,637,383 17,477,908 13,661,872 24,709,125 1,500,281
Years 36 - 40 25,531,699 23,943,313 18,715,654 25,844,726 0
Years 41 - 45 35,077,676 32,895,412 25,713,198 24,474,173 0
Years 46 - 50 46,517,695 43,623,722 34,099,144 21,654,748 0

Table A-51: Capacities of Inbound Fleet in Short Tons by Vessel Class and Project Year at 47 Feet

of Channel Depth
Composite Madison
Susan Maersk | Regina Maersk | Other Post- Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax) | Panamax Total (Panamax) |Panamax) Total
Project Year | Total Capacity | Total Capacity Capacity Total Capacity Capacity

Years 1 -5 318,418 296,539 231,921 5,521,373 6,751,265
Years 6 - 10 1,194,066 1,112,022 869,704 6,970,244 7,168,009
Years 11 - 15 3,024,967 2,817,122 2,203,249 9,750,510 8,126,522
Years 16 - 20 5,651,913 5,263,571 4,116,598 13,235,633 8,459,918
Years 21 - 25 9,393,319 8,747,906 6,841,669 17,386,452 7,751,452
Years 26 - 30 14,010,375 13,047,724 10,204,524 20,714,940 5,250,984
Years 31 - 35 19,582,683 18,237,160 14,263,141 24,709,125 1,500,281
Years 36 - 40 26,826,683 24,983,427 19,539,344 25,844,726 0
Years 41 - 45 36,856,838 34,324 411 26,844,855 24,474,173 0
Years 46 - 50 48,877,103 45,518,765 35,599,873 21,654,748 0
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Table A-52: Capacities of Inbound Fleet in Short Tons by Vessel Class and Project Year at 48 Feet

of Channel Depth
Composite Madison
Susan Maersk | Regina Maersk | Other Post- Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax) | Panamax Total (Panamax) |Panamax) Total
Project Year | Total Capacity | Total Capacity Capacity Total Capacity Capacity

Years 1 - 5 333,788 308,885 241,698 5,521,373 6,751,265
Years 6 - 10 1,251,706 1,158,318 906,366 6,970,244 7,168,009
Years 11 - 15 3,170,989 2,934,405 2,296,128 9,750,510 8,126,522
Years 16 - 20 5,924,743 5,482,704 4,290,135 13,235,633 8,459,918
Years 21 - 25 9,846,756 9,112,100 7,130,083 17,386,452 7,751,452
Years 26 - 30 14,686,687 13,590,929 10,634,700 20,714,940 5,250,984
Years 31 - 35 20,527,983 18,996,412 14,864,410 24,709,125 1,500,281
Years 36 - 40 28,121,668 26,023,540 20,363,034 25,844,726 0
Years 41 - 45 38,636,000 35,753,410 27,976,512 24,474,173 0
Years 46 - 50 51,236,510 47,413,809 37,100,602 21,654,748 0

Table A-53: Capacities of Inbound Fleet in Short Tons by Vessel Class and Project Year at 49 Feet

of Channel Depth
Composite Madison
Susan Maersk | Regina Maersk | Other Post- Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax) | Panamax Total (Panamax) |Panamax) Total
Project Year | Total Capacity | Total Capacity Capacity Total Capacity Capacity

Years 1 -5 349,159 319,996 251,474 5,521,373 6,751,265
Years 6 - 10 1,309,347 1,199,984 943,029 6,970,244 7,168,009
Years 11 - 15 3,317,011 3,039,960 2,389,007 9,750,510 8,126,522
Years 16 - 20 6,197,574 5,679,925 4,463,672 13,235,633 8,459,918
Years 21 - 25 10,300,193 9,439,875 7,418,497 17,386,452 7,751,452
Years 26 - 30 15,362,999 14,079,813 11,064,877 20,714,940 5,250,984
Years 31 - 35 21,473,283 19,679,739 15,465,680 24,709,125 1,500,281
Years 36 - 40 29,416,652 26,959,643 21,186,724 25,844,726 0
Years 41 - 45 40,415,163 37,039,509 29,108,170 24,474,173 0
Years 46 - 50 53,595,918 49,119,349 38,601,331 21,654,748 0
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Table A-54: Capacities of Inbound Fleet in Short Tons by Vessel Class and Project Year at 50 Feet

of Channel Depth
Composite Madison
Susan Maersk | Regina Maersk | Other Post- Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax) | Panamax Total (Panamax) |Panamax) Total
Project Year | Total Capacity | Total Capacity Capacity Total Capacity Capacity

Years 1 -5 352,030 319,996 251,474 5,521,373 6,751,265
Years 6 - 10 1,320,113 1,199,984 943,029 6,970,244 7,168,009
Years 11 - 15 3,344,287 3,039,960 2,389,007 9,750,510 8,126,522
Years 16 - 20 6,248,536 5,679,925 4,463,672 13,235,633 8,459,918
Years 21 - 25 10,384,890 9,439,875 7,418,497 17,386,452 7,751,452
Years 26 - 30 15,489,328 14,079,813 11,064,877 20,714,940 5,250,984
Years 31 - 35 21,649,856 19,679,739 15,465,680 24,709,125 1,500,281
Years 36 - 40 29,658,542 26,959,643 21,186,724 25,844,726 0
Years 41 - 45 40,747,493 37,039,509 29,108,170 24,474,173 0
Years 46 - 50 54,036,632 49,119,349 38,601,331 21,654,748 0

The yearly import capacities of the vessel classes are expressed in Tables A-55 to A-63 as
percentages of the total yearly capacity of the entire fleet. For use in the analysis, export
capacities were also calculated.

Table A-55: Percentage of Import Capacity at 42 Feet of Channel Depth by Vessel Class
and Project Year at Miami Harbor

Madison

Susan Maersk | Regina Maersk Composite Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax)| Other Post- (Panamax) Panamax)
Share of Share of Panamax Share Share of Share of
Tonnage Tonnage of Tonnage Tonnage Tonnage

2% 2% 2% 49% 45%

7% 6% 5% 51% 31%

12% 11% 9% 50% 18%

16% 15% 12% 48% 10%

18% 18% 14% 45% 5%

21% 20% 16% 41% 2%

23% 22% 17% 38% 0%

25% 24% 19% 32% 0%

28% 27% 21% 24% 0%

30% 29% 23% 18% 0%
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Table A-56: Percentage of Import Capacity at 43 Feet of Channel Depth by Vessel Class and Project

Year at Miami Harbor

Madison

Susan Maersk | Regina Maersk Composite Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax)| Other Post- (Panamax) Panamax)
Share of Share of Panamax Share Share of Share of
Tonnage Tonnage of Tonnage Tonnage Tonnage

2% 2% 1% 43% 52%

6% 6% 4% 42% 43%

10% 10% 7% 40% 33%

13% 13% 10% 39% 25%

17% 16% 12% 38% 17%

20% 19% 15% 37% 9%

23% 22% 17% 36% 2%

26% 25% 19% 31% 0%

28% 27% 21% 23% 0%

31% 29% 23% 17% 0%

Table A-57: Percentage of Import Capacity at 44 Feet of Channel Depth by Vessel Class and Project

Year at Miami Harbor

Madison

Susan Maersk | Regina Maersk Composite Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax)| Other Post- (Panamax) Panamax)
Share of Share of Panamax Share Share of Share of
Tonnage Tonnage of Tonnage Tonnage Tonnage

2% 2% 2% 42% 52%

6% 6% 4% 41% 42%

10% 10% 8% 39% 33%

14% 13% 10% 38% 24%

17% 16% 13% 37% 17%

21% 20% 15% 36% 9%

23% 22% 17% 35% 2%

26% 25% 19% 29% 0%

29% 27% 21% 22% 0%

31% 30% 23% 16% 0%
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Table A-58: Percentage of Import Capacity at 45 Feet of Channel Depth by Vessel Class and Project

Year at Miami Harbor

Madison

Susan Maersk | Regina Maersk| Composite Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax)| Other Post- (Panamax) Panamax)
Share of Share of Panamax Share Share of Share of
Tonnage Tonnage of Tonnage Tonnage Tonnage

2% 2% 2% 42% 52%

6% 6% 5% 41% 42%

11% 10% 8% 39% 32%

14% 14% 11% 37% 24%

18% 17% 13% 36% 16%

21% 20% 16% 35% 9%

24% 23% 18% 34% 2%

27% 25% 20% 28% 0%

29% 28% 22% 22% 0%

32% 30% 23% 15% 0%

Table A-59: Percentage of Import Capacity at 46 Feet of Channel Depth by Vessel Class and Project

Year at Miami Harbor

Madison

Susan Maersk | Regina Maersk Composite Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax)| Other Post- (Panamax) Panamax)
Share of Share of Panamax Share Share of Share of
Tonnage Tonnage of Tonnage Tonnage Tonnage

2% 2% 2% 42% 52%

7% 6% 5% 41% 42%

11% 11% 8% 38% 32%

15% 14% 11% 37% 23%

18% 17% 13% 35% 16%

22% 20% 16% 34% 9%

25% 23% 18% 33% 2%

27% 25% 20% 27% 0%

30% 28% 22% 21% 0%

32% 30% 23% 15% 0%
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Table A-60: Percentage of Import Capacity at 47 Feet of Channel Depth by Vessel Class and Project

Year at Miami Harbor

Madison

Susan Maersk | Regina Maersk Composite Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax)| Other Post- (Panamax) Panamax)
Share of Share of Panamax Share Share of Share of
Tonnage Tonnage of Tonnage Tonnage Tonnage

2% 2% 2% 42% 51%

7% 6% 5% 40% 41%

12% 11% 8% 38% 31%

15% 14% 11% 36% 23%

19% 17% 14% 35% 15%

22% 21% 16% 33% 8%

25% 23% 18% 32% 2%

28% 26% 20% 27% 0%

30% 28% 22% 20% 0%

32% 30% 23% 14% 0%

Table A-61: Percentage of Import Capacity at 48 Feet of Channel Depth by Vessel Class and Project

Year at Miami Harbor

Madison
Susan Maersk | Regina Maersk Composite Maersk Zim Asia (Sub-

(Post-Panamax) | (Post-Panamax)| Other Post- (Panamax) Panamax)
Share of Share of Panamax Share Share of Share of
Tonnage Tonnage of Tonnage Tonnage Tonnage

3% 2% 2% 42% 51%

7% 7% 5% 40% 41%

12% 11% 9% 37% 31%

16% 15% 11% 35% 23%

19% 18% 14% 34% 15%

23% 21% 16% 32% 8%

25% 24% 18% 31% 2%

28% 26% 20% 26% 0%

30% 28% 22% 19% 0%

33% 30% 24% 14% 0%
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Table A-62: Percentage of Import Capacity at 49 Feet of Channel Depth by Vessel Class and Project

Year at Miami Harbor

Madison

Susan Maersk | Regina Maersk| Composite Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax)| Other Post- (Panamax) Panamax)
Share of Share of Panamax Share Share of Share of
Tonnage Tonnage of Tonnage Tonnage Tonnage

3% 2% 2% 42% 51%

7% 7% 5% 40% 41%

12% 11% 9% 37% 31%

16% 15% 12% 35% 22%

20% 18% 14% 33% 15%

23% 21% 17% 31% 8%

26% 24% 19% 30% 2%

28% 26% 20% 25% 0%

31% 28% 22% 19% 0%

33% 30% 24% 13% 0%

Table A-63: Percentage of Import Capacity at 50 Feet of Channel Depth by Vessel Class and Project

Year at Miami Harbor

Madison

Susan Maersk | Regina Maersk Composite Maersk Zim Asia (Sub-
(Post-Panamax) | (Post-Panamax)| Other Post- (Panamax) Panamax)
Share of Share of Panamax Share Share of Share of
Tonnage Tonnage of Tonnage Tonnage Tonnage

3% 2% 2% 42% 51%

8% 7% 5% 40% 41%

13% 11% 9% 37% 30%

16% 15% 12% 35% 22%

20% 18% 14% 33% 15%

23% 21% 17% 31% 8%

26% 24% 19% 30% 2%

29% 26% 20% 25% 0%

31% 28% 22% 19% 0%

33% 30% 24% 13% 0%

Hourly Operating Costs, Trip Distance, and Total Voyage Cost

Hourly operating costs are based on standard at-sea and in-port vessel operating costs for
vessel types categorized by deadweight. The standard costs are found in an economic
guidance memorandum published and updated annually by the Corps’ Institute for Water
Resources (IWR). Regression analysis is used to estimate the hourly operating costs for
vessels calling at each terminal by relating their deadweight values to those used by the
IWR.

Trip distances are calculated for the inbound and the outbound voyages for each itinerary.
These distances, the vessels’ speeds, and the vessels’ hourly operating costs at sea are used
to determine the total voyage cost for the inbound and outbound voyages. The product of
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the fixed time spent at berth and the vessels’ hourly operating costs in port are added to
generate the total costs for the inbound and outbound transits.

Table A-64 and Table A-65 display the trip distances and total voyage costs for each vessel
class’s inbound and outbound transit.

Table A-64: Trip Distances and Total Voyage Costs for Inbound Transits to Miami Harbor by Vessel

Class
Inbound Inbound Inbound
Inbound Susan|Regina Maersk| Composite Madison Inbound Zim
Maersk (Post- (Post- Other Post- Maersk Asia (Sub-
Panamax) Panamax) Panamax (Panamax) Panamax)
Applicable trip Distance - Far East 12,221 12,221 12,221 10,448 10,448
Applicable trip Distance - Europe 4,189 4,189 4,189 4,189 4,189
Applicable trip Distance - Mediterranean 5,201 5,201 5,201 5,201 5,201
Speed (Knots per Hour) 24.6 25.0 25.5 24.0 21.7
Vessel Operating Cost at Sea $2,945 $2,439 $1,993 $1,970 $1,563
Transit Cost - Far East $1,692,748 $1,422,375 $1,187,032 $932,140 $826,661
Transit Cost - Europe $501,427 $408,751 $328,082 $343,926 $301,636
Transit Cost - Mediterranean $622,565 $507,499 $407,342 $427,014 $374,507
Fixed Time at Berth 2 2 2 2 2
Vessel Operating Cost at Berth $1,586 $1,342 $1,127 $1,116 $919
Time at Berth Cost $3,172 $2,684 $2,253 $2,231 $1,837
Total Voyage Cost - Far East $1,695,920 $1,425,059 $1,189,285 $934,371 $828,498
Total Voyage Cost - Europe $504,599 $411,435 $330,335 $346,158 $303,473
Total Voyage Cost - Mediterranean $625,736 $510,183 $409,595 $429,245 $376,344
Table A-65: Trip Distances and Total Voyage Costs for Outbound Transits from Miami Harbor by
Vessel Class
Outbound Outbound Outbound Outbound
Susan Maersk |Regina Maersk| Composite Madison Outbound Zim
(Post- (Post- Other Post- Maersk Asia (Sub-
Panamax) Panamax) Panamax (Panamax) Panamax)
Applicable trip Distance - Far East 12,636 12,636 12,636 12,233 12,233
Applicable trip Distance - Europe 3,866 3,866 3,866 3,866 3,866
Applicable trip Distance - Mediterranean 4,786 4,786 4,786 4,786 4,786
Speed (Knots per Hour) 24.6 25.0 25.5 24.0 21.7
Vessel Operating Cost at Sea $2,945 $2,439 $1,993 $1,970 $1,563
Transit Cost - Far East $1,512,541 $1,232,986 $989,651 $1,004,357 $880,858
Transit Cost - Europe $462,764 $377,234 $302,785 $317,407 $278,378
Transit Cost - Mediterranean $572,889 $467,005 $374,839 $392,942 $344,624
Fixed Time at Berth 2 2 2 2 2
Vessel Operating Cost at Berth $1,586 $1,342 $1,127 $1,116 $919
Time at Berth Cost $3,172 $2,684 $2,253 $2,231 $1,837
Total Voyage Cost - Far East $1,515,713 $1,235,670 $991,904 $1,006,588 $882,695
Total Voyage Cost - Europe $465,936 $379,918 $305,038 $319,638 $280,215
Total Voyage Cost - Mediterranean $576,060 $469,689 $377,092 $395,173 $346,461

Cost per Capacity Ton

The voyage cost of the vessel divided by the tons carried equals the cost per ton of shipping
the cargo. With-project cost per capacity ton decreases with each incremental depth if the
capacity of the vessel increases, because the voyage cost is fixed. Shown in Table A-66
through Table A-75 are the costs per capacity ton at each channel depth, along with the
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savings per ton transported for the with-project depths, for each of the vessel class’s inbound
and outbound journeys.

Table A-66: Susan Maersk (Post-Panamax) Cost per Short Ton and Savings per Short Ton by
Channel Depth and Itinerary for Inbound Transit

Total Capacity of
Total Capacity of| Total Capacity of Vessel -

Vessel - Far East | Vessel - Europe | Mediterranean | Total Cost per Total Cost per Total Cost per

Channel | Trade Region Trade Region Trade Region Capacity Ton - | Capacity Ton- | Capacity Ton -

Depth (Short Tons) (Short Tons) (Short Tons) Far East Europe Mediterranean
42 60,391 60,391 60,391 $28.08 $8.36 $10.36
43 64,234 64,234 64,234 $26.40 $7.86 $9.74
44 68,076 68,076 68,076 $24.91 $7.41 $9.19
45 71,919 71,919 71,919 $23.58 $7.02 $8.70
46 75,762 75,762 75,762 $22.38 $6.66 $8.26
47 79,604 79,604 79,604 $21.30 $6.34 $7.86
48 83,447 83,447 83,447 $20.32 $6.05 $7.50
49 87,290 87,290 87,290 $19.43 $5.78 $7.17
50 88,008 87,290 87,290 $19.27 $5.78 $7.17

Table A-67: Susan Maersk (Post-Panamax) Cost per Short Ton and Savings per Short Ton by
Channel Depth and Itinerary for Outbound Transit

Total Capacity of
Total Capacity of| Total Capacity of Vessel -

Vessel - Far East | Vessel - Europe | Mediterranean | Total Cost per Total Cost per Total Cost per

Channel Trade Region Trade Region Trade Region Capacity Ton - | Capacity Ton - | Capacity Ton -

Depth (Short Tons) (Short Tons) (Short Tons) Far East Europe Mediterranean
42 60,391 60,391 60,391 $25.10 $7.72 $9.54
43 64,234 64,234 64,234 $23.60 $7.25 $8.97
44 68,076 68,076 68,076 $22.26 $6.84 $8.46
45 71,919 71,919 71,919 $21.08 $6.48 $8.01
46 75,762 75,762 75,762 $20.01 $6.15 $7.60
47 79,604 79,604 79,604 $19.04 $5.85 $7.24
48 83,447 83,447 83,447 $18.16 $5.58 $6.90
49 87,290 87,290 87,290 $17.36 $5.34 $6.60
50 87,290 88,008 88,008 $17.36 $5.29 $6.55

Table A-68: Regina Maersk (Post-Panamax) Cost per Short Ton and Savings per Short Ton by
Channel Depth and Itinerary for Inbound Transit

Total Capacity of
Total Capacity of| Total Capacity of Vessel -

Vessel - Far East | Vessel - Europe | Mediterranean | Total Cost per Total Cost per Total Cost per

Channel Trade Region Trade Region Trade Region Capacity Ton - | Capacity Ton - | Capacity Ton -

Depth (Short Tons) (Short Tons) (Short Tons) Far East Europe Mediterranean
42 58,703 58,703 58,703 $24.28 $7.01 $8.69
43 61,789 61,789 61,789 $23.06 $6.66 $8.26
44 64,876 64,876 64,876 $21.97 $6.34 $7.86
45 67,962 67,962 67,962 $20.97 $6.05 $7.51
46 71,048 71,048 71,048 $20.06 $5.79 $7.18
47 74,135 74,135 74,135 $19.22 $5.55 $6.88
48 77,221 77,221 77,221 $18.45 $5.33 $6.61
49 79,999 79,999 79,999 $17.81 $5.14 $6.38
50 79,999 79,999 79,999 $17.81 $5.14 $6.38
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Table A-69: Regina Maersk (Post-Panamax) Cost per Short Ton and Savings per Short Ton by
Channel Depth and Itinerary for Outbound Transit

Total Capacity of|
Total Capacity of| Total Capacity of Vessel -

Vessel - Far East | Vessel - Europe | Mediterranean | Total Cost per | Total Cost per | Total Cost per

Channel Trade Region Trade Region Trade Region Capacity Ton - | Capacity Ton- | Capacity Ton -

Depth (Short Tons) (Short Tons) (Short Tons) Far East Europe Mediterranean
42 58,703 58,703 58,703 $21.05 $6.47 $8.00
43 61,789 61,789 61,789 $20.00 $6.15 $7.60
44 64,876 64,876 64,876 $19.05 $5.86 $7.24
45 67,962 67,962 67,962 $18.18 $5.59 $6.91
46 71,048 71,048 71,048 $17.39 $5.35 $6.61
47 74,135 74,135 74,135 $16.67 $5.12 $6.34
48 77,221 77,221 77,221 $16.00 $4.92 $6.08
49 79,999 79,999 79,999 $15.45 $4.75 $5.87
50 79,999 79,999 79,999 $15.45 $4.75 $5.87

Table A-70: Composite Other Post-Panamax Cost per Short Ton and Savings per Short Ton by
Channel Depth and Itinerary for Inbound Transit

Total Capacity of
Total Capacity of| Total Capacity of Vessel -

Vessel - Far East | Vessel - Europe | Mediterranean | Total Cost per Total Cost per | Total Cost per

Channel Trade Region Trade Region Trade Region Capacity Ton - | Capacity Ton- | Capacity Ton -

Depth (Short Tons) (Short Tons) (Short Tons) Far East Europe Mediterranean
42 45,759 45,759 45,759 $25.99 $7.22 $8.95
43 48,204 48,204 48,204 $24.67 $6.85 $8.50
44 50,648 50,648 50,648 $23.48 $6.52 $8.09
45 53,092 53,092 53,092 $22.40 $6.22 $7.71
46 55,536 55,536 55,536 $21.41 $5.95 $7.38
47 57,980 57,980 57,980 $20.51 $5.70 $7.06
48 60,424 60,424 60,424 $19.68 $5.47 $6.78
49 62,869 62,869 62,869 $18.92 $5.25 $6.52
50 62,869 62,869 62,869 $18.92 $5.25 $6.52

Table A-71: Composite Other Post-Panamax Cost per Short Ton and Savings per Short Ton by
Channel Depth and Itinerary for Outbound Transit

Total Capacity of
Total Capacity of| Total Capacity of Vessel -

Vessel - Far East| Vessel - Europe | Mediterranean | Total Cost per Total Cost per Total Cost per

Channel | Trade Region Trade Region Trade Region Capacity Ton - | Capacity Ton - | Capacity Ton -

Depth (Short Tons) (Short Tons) (Short Tons) Far East Europe Mediterranean
42 45,759 45,759 45,759 $21.68 $6.67 $8.24
43 48,204 48,204 48,204 $20.58 $6.33 $7.82
44 50,648 50,648 50,648 $19.58 $6.02 $7.45
45 53,092 53,092 53,092 $18.68 $5.75 $7.10
46 55,536 55,536 55,536 $17.86 $5.49 $6.79
47 57,980 57,980 57,980 $17.11 $5.26 $6.50
48 60,424 60,424 60,424 $16.42 $5.05 $6.24
49 62,869 62,869 62,869 $15.78 $4.85 $6.00
50 62,869 62,869 62,869 $15.78 $4.85 $6.00

97




Table A-72: Madison Maersk (Panamax) Cost per Short Ton and Savings per Short Ton by Channel
Depth for and Itinerary Inbound Transit

Total Capacity of
Total Capacity of| Total Capacity of Vessel -

Vessel - Far East | Vessel - Europe | Mediterranean | Total Cost per Total Cost per Total Cost per

Channel Trade Region Trade Region Trade Region Capacity Ton - | Capacity Ton- | Capacity Ton -

Depth (Short Tons) (Short Tons) (Short Tons) Far East Europe Mediterranean
42 39,159 46,027 46,027 $23.86 $7.52 $9.33
43 39,159 48,316 48,316 $23.86 $7.16 $8.88
44 39,159 50,606 50,606 $23.86 $6.84 $8.48
45 39,159 52,895 52,895 $23.86 $6.54 $8.12
46 39,159 53,781 53,781 $23.86 $6.44 $7.98
47 39,159 53,781 53,781 $23.86 $6.44 $7.98
48 39,159 53,781 53,781 $23.86 $6.44 $7.98
49 39,159 53,781 53,781 $23.86 $6.44 $7.98
50 39,159 53,781 53,781 $23.86 $6.44 $7.98

Table A-73: Madison Maersk (Panamax) Cost per Short Ton and Savings per Short Ton by Channel
Depth and Itinerary for Outbound Transit

Total Capacity of|
Total Capacity of| Total Capacity of Vessel -

Vessel - Far East | Vessel - Europe | Mediterranean | Total Cost per Total Cost per Total Cost per

Channel Trade Region Trade Region Trade Region Capacity Ton - | Capacity Ton - | Capacity Ton -

Depth (Short Tons) (Short Tons) (Short Tons) Far East Europe Mediterranean
42 46,027 46,027 46,027 $21.87 $6.94 $8.59
43 48,316 48,316 48,316 $20.83 $6.62 $8.18
44 50,606 50,606 50,606 $19.89 $6.32 $7.81
45 52,895 52,895 52,895 $19.03 $6.04 $7.47
46 53,781 53,781 53,781 $18.72 $5.94 $7.35
47 53,781 53,781 53,781 $18.72 $5.94 $7.35
48 53,781 53,781 53,781 $18.72 $5.94 $7.35
49 53,781 53,781 53,781 $18.72 $5.94 $7.35
50 53,781 53,781 53,781 $18.72 $5.94 $7.35

Table A-74: Zim Asia (Sub-Panamax) Cost per Short Ton and Savings per Short Ton by Channel
Depth and Itinerary for Inbound Transit

Total Capacity of]|
Total Capacity of| Total Capacity of Vessel -

Vessel - Far East| Vessel - Europe | Mediterranean | Total Cost per Total Cost per | Total Cost per

Channel Trade Region Trade Region Trade Region Capacity Ton - | Capacity Ton- | Capacity Ton -

Depth (Short Tons) (Short Tons) (Short Tons) Far East Europe Mediterranean
42 41,674 46,639 46,639 $19.88 $6.51 $8.07
43 41,674 46,639 46,639 $19.88 $6.51 $8.07
44 41,674 46,639 46,639 $19.88 $6.51 $8.07
45 41,674 46,639 46,639 $19.88 $6.51 $8.07
46 41,674 46,639 46,639 $19.88 $6.51 $8.07
47 41,674 46,639 46,639 $19.88 $6.51 $8.07
48 41,674 46,639 46,639 $19.88 $6.51 $8.07
49 41,674 46,639 46,639 $19.88 $6.51 $8.07
50 41,674 46,639 46,639 $19.88 $6.51 $8.07
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Table A-75: Zim Asia (Sub-Panamax) Cost per Short Ton and Savings per Short Ton by Channel
Depth and Itinerary for Outbound Transit

Total Capacity of
Total Capacity of| Total Capacity of Vessel -

Vessel - Far East| Vessel - Europe | Mediterranean | Total Cost per Total Cost per Total Cost per

Channel Trade Region Trade Region Trade Region Capacity Ton - | Capacity Ton - | Capacity Ton -

Depth (Short Tons) (Short Tons) (Short Tons) Far East Europe Mediterranean
42 46,639 46,639 46,639 $18.93 $6.01 $7.43
43 46,639 46,639 46,639 $18.93 $6.01 $7.43
44 46,639 46,639 46,639 $18.93 $6.01 $7.43
45 46,639 46,639 46,639 $18.93 $6.01 $7.43
46 46,639 46,639 46,639 $18.93 $6.01 $7.43
47 46,639 46,639 46,639 $18.93 $6.01 $7.43
48 46,639 46,639 46,639 $18.93 $6.01 $7.43
49 46,639 46,639 46,639 $18.93 $6.01 $7.43
50 46,639 46,639 46,639 $18.93 $6.01 $7.43

Tonnage

Table A-76 shows actual 2002 tonnage and predicted tonnage for the life of the project.
Table A-77 shows 2002 tonnage as a percentage of total tonnage by trade region and import
or export tonnage.
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Table A- 76: Actual and Predicted Tonnage at Miami Harbor by Trade Region

Far East
Imports Exports Total
Actual Tornage Actual Tonnage Actual Tonnage
2002 746,862 335,540 1,082,402
Project Year Range Predicted Tonnage Predicted Tonnage Predicted Tonnage
Years 1 -5 1,043,083 436,817 1,479,900
Years 6 - 10 1,349,168 536,617 1,885,786}
Years 11-15 1,945,931 718,115 2,664,046
Years 16 - 20 2,700,290 932,219 3,632,509
Years 21 - 25 3,619,777 1,176,935 4,796,712
Years 26 - 30 4,361,828 1,364,391 5,726,219
Years 31 - 35 5,255,999 1,581,703 6,837,702
Years 36 - 40 6,333,475 1,833,627 8,167,102
Years 41 - 45 7,631,833 2,125,676 9,757,509
Years 46 - 50 9,196,352 2,464,242 11,660,594
Europe
Imports Exports Total
Actual Tonnage Actual Tonnage Actual Tonnage
2002 1,549,637 394,669 1,944,306}
Project Year Range Predicted Tonnage Predicted Tonnage Predicted Tonnage
Years 1 -5 2,164,254 484,842 2,649,096
Years 6 - 10 2,799,340 570,231 3,369,571
Years 11 - 15 4,037,542 716,753 4,754,295
Years 16 - 20 5,602,734 879,864 6,482,599
Years 21 - 25 7,510,544 1,056,515 8,567,059
Years 26 - 30 9,050,199 1,186,050 10,236,249
Years 31 - 35 10,905,483 1,331,466 12,236,949
Years 36 - 40 13,141,099 1,494,710 14,635,809
Years 41 - 45 15,835,014 1,677,970 17,512,983
Years 46 - 50 19,081,179 1,883,698 20,964,877
Mediterranean
Imports Exports Total
Actual Tonnage Actual Tonnage Actual Tonnage
2002 131,713 59,186 190,899
Project Year Range Predicted Tonnage Predicted Tonnage Predicted Tonnage
Years 1 -5 142,440 59,186 201,626
Years 6 - 10 151,727 59,186 210,913
Years 11 - 15 165,720 59,186 224,906
Years 16 - 20 179,393 59,186 238,579
Years 21 - 25 192,511 59,186 251,697
Years 26 - 30 201,232 59,186 260,418
Years 31 - 35 210,347 59,186 269,533
Years 36 - 40 219,876 59,186 279,062
Years 41 - 45 229,836 59,186 289,022
Years 46 - 50 240,248 59,186 299,434
All Trade Routes
Imports Exports Total
Actual Tonnage Actual Tonnage Actual Tonnage
2002 2,428,212 789,395 3,217,607
Project Year Range Predicted Tonnage Predicted Tonnage Predicted Tonnage
Years 1 -5 3,349,777 980,845 4,330,622
Years 6 - 10 4,300,236 1,166,034 5,466,270
Years 11 -15 6,149,193 1,494,054 7,643,247
Years 16 - 20 8,482,418 1,871,270 10,353,687
Years 21 - 25 11,322,831 2,292,637 13,615,468
Years 26 - 30 13,613,259 2,609,627 16,222,886
Years 31 - 35 16,371,830 2,972,355 19,344,184
Years 36 - 40 19,694,450 3,387,524 23,081,973
Years 41 - 45 23,696,683 3,862,832 27,559,515
Years 46 - 50 28,517,779 4,407,125 32,924,904
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Table A-77: Actual 2002 Tonnage by Trade Region

2002 2002 Trade Region Trade Region
Import | Trade Region Share| Export Share of Export { 2002 Total Share of Total
Trade Region | Tonnage | of Import Tonnage | Tonnage Tonnage Tonnage Tonnage
Far East 746,862 31% 335,540 43% 1,082,402 34%
Europe 1,549,637 64% 394,669 50% 1,944,306 60%
Mediterranean 131,713 5% 59,186 % 190,899 6%
Total 2,428,212 100% 789,395 100% 3,217,607 100%

Discounted Transportation Cost Savings (Benefits) at Each Depth

Table A-78 to A-85 display the process of using the cost per ton savings calculated for the
Susan Maersk’s inbound transit for each channel depth for each trade route to find the total
savings by year of the project at each potential depth. (A similar procedure 1s used to
determine the savings per project year for the outbound transit and for the inbound and
outbound transits of the other four vessel classes.) In Table A-78 to A-85, expected tonnage
is assigned to a vessel class and trade route utilizing the percentages found in Tables A-66
to A-75 and Table A-77.

Table A-78: Inbound Susan Maersk (Post-Panamax) Savings Resulting from 43 Foot Project by
Trade Region and Project Year

Savings per Year Savings per Year| Susan Maersk | Savings per Year

Susan Maersk Transporting Susan Maersk Transporting | (Post-Panamax) | Transporting |Total Savings per

(Post-Panamax) | Miami Harbor | (Post-Panamax) [ Miami Harbor Tonnage per Miami Harbor | Year on Susan

Tonnage per Tonnage - Far Tonnage per Tonnage - Year - Tonnage - Maersk (Post-
Project Year | Year -Far East East Year - Europe Europe Mediterranean | Mediterranean |Panamax) Vessels
Years 1 -5 6,356 $10,678 13,187 $6,592 1,121 3695 $17,964
Years 6 - 10 23,868 $40,098 49,523 $24,754 4,209 $2,609 $67,461
Years 11 - 15 59,635 $100,186 123,735 $61,850 10,517 $6,519 $168,555
Years 16 - 20 111,191 $186,799 230,706 $115,320 19,609 $12,155 $314,274
Years 21 - 25 184,670 $310,242 383,165 $191,528 32,568 $20,187 $521,957
Years 26 - 30 267,826 $449,943 555,703 $277,772 47,233 329,277 $756,993
Years 31 - 35 369,848 $621,338 767,384 $383,583 65,225 $40,430 $1,045,351
Years 36 - 40 498,687 $837,787 1,034,709 $517,207 87,946 $54,514 $1,409,508
Years 41 - 45 663,979 $1,115,474 1,377,666 $688,636 117,096 $72,583 $1,876,693
Years 46 - 50 867,279 $1,457,015 1,799,487 $899,487 152,949 $94,807 $2,451,308

Table A-79: Inbound Susan Maersk (Post-Panamax) Savings Resulting from 44 Foot Project by
Trade Region and Project Year

Savings per Year Savings per Year| Susan Maersk {Savings per Year

Susan Maersk Transporting Susan Maersk Transporting | (Post-Panamax) Transporting |Total Savings per

(Post-Panamax) | Miami Harbor | (Post-Panamax) { Miami Harbor Tonnage per Miami Harbor | Year on Susan

Tonnage per Tonnage - Far Tonnage per Tonnage - Year - Tonnage - Maersk (Post-
Project Year| Year -Far East East Year - Europe Europe Mediterranean | Mediterranean |P x) Vessels
Years1-5 6,717 $21,294 13,936 $13,146 1,185 $1,386 $35,825
Years 6 - 10 25,085 $79,528 52,049 $49,097 4,424 $5,175 $133,800
Years 11 - 15 62,297 $197,501 129,258 $121,927 10,986 $12,851 $332,279
Years 16 - 20 115,585 $366,439 239,822 $226,221 20,384 $23,844 $616,503
Years 21 - 25 191,092 $605,822 396,491 $374,003 33,700 $39,420 $1,019,245
Years 26 - 30 275,814 $874,414 572,276 $539,819 48,641 $56,897 $1,471,130
Years 31 - 35 379,310 $1,202,531 787,018 $742,381 66,893 $78,248 $2,023,160
Years 36 - 40 509,488 $1,615,235 1,057,119 $997,164 89,851 $105,102 32,717,500
Years 41 - 45 675,806 $2,142,512 1,402,205 $1,322,678 119,182 $139,411 $3,604,601
Years 46 - 50 879,799 $2,789,234 1,825,463 $1,721,930 155,157 $181,493 $4,692,657
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Table A-80: Inbound Susan Maersk (Post-Panamax) Savings Resulting from 45 Foot Project by
Trade Region and Project Year

Savings per Year

Savings per Year

Susan Maersk

Savings per Year

Susan Maersk Transporting Susan Maersk Transporting | (Post-Panamax) | Transporting |Total Savings per

(Post-Panamax) | Miami Harbor | (Post-Panamax) | Miami Harbor Tonnage per Miami Harbor | Year on Susan

Tonnage per Tonnage - Far Tonnage per Tonnage - Year - Tonnage - Maersk (Post-
Project Year| Year -Far East East Year - Europe Europe Mediterranean { Mediterranean |P X) Vessels|
Years1-5 7,075 $31,849 14,680 $19,662 1,248 $2,072 $53,583
Years 6 - 10 26,283 $118,308 54,533 $73,037 4,635 $7,698 $199,043
Years 11 - 15 64,884 $292,066 134,625 $180,307 11,443 $19,004 $491,377
Years 16 - 20 119,813 $539,324 248,596 $332,951 21,130 $35,093 $907,368
Years 21 - 25 197,218 $887,753 409,201 $548,053 34,780 $57,765 51,493,571
Years 26 - 30 283,361 $1,275,516 587,936 $787,438 49,972 $82,997 $2,145,951
Years 31 - 35 388,181 $1,747,347 805,422 $1,078,723 68,458 $113,698 $2,939,768
Years 36 - 40 519,538 $2,338,636 1,077,971 $1,443,755 91,623 $152,173 $3,934,564
Years 41 - 45 686,731 $3,091,232 1,424,873 $1,908,369 121,109 $201,143 $5,200,744
Years 46 - 50 891,290 $4,012,031 1,849,306 $2,476,823 157,184 $261,059 $6,749,913

Table A-81: Inbound Susan Maersk (Post-Panamax) Savings Resulting from 46 Foot Project by
Trade Region and Project Year

Savings per Year

Savings per Year

Susan Maersk

Savings per Year

Susan Maersk Transporting Susan Maersk Transporting | (Post-Panamax) | Transporting |Total Savings per

(Post-Panamax) | Miami Harbor | (Post-Panamax) | Miami Harbor Tonnage per Miami Harbor | Year on Susan

Tonnage per Tonnage - Far Tonnage per Tonnage - Year - Tonnage - Maersk (Post-
Project Year| Year -Far East East Year - Europe Europe Mediterranean | Mediterranean |P x) Vessels|
Years1-5 7,432 $42,343 15,420 $26,141 1,311 $2,755 $71,239
Years 6 - 10 27,460 $156,452 56,976 $96,586 4.843 $10,180 $263,218
Years 11 - 15 67,398 $383,996 139,842 $237,059 11,886 $24,986 $646,042
Years 16 - 20 123,886 $705,828 257,046 $435,742 21,848 $45,928 $1,187,498
Years 21 - 23 203,068 $1,156,960 421,338 $714,248 35,812 $75,282 $1,946,491
Years 26 - 30 290,505 $1,655,126 602,758 $1,021,790 51,232 $107,697 $2,784,614
Years 31 -35 396,513 $2,259,098 822,710 $1,394,652 69,927 $146,997 $3,800,748
Years 36 - 40 528,913 $3,013,438 1,097,422 $1,860,342 93,277 $196,081 $5,069,861
Years 41 - 45 696,853 $3,970,263 1,445,875 $2,451,037 122,894 $258,341 $6,679,641
Years 46 - 50 901,875 $5,138,356 1,871,267 $3,172,158 159,050 $334,348 $8,644,863

Table A-82: Inbound Susan Maersk (Post-Panamax) Savings Resulting from 47 Foot Project by
Trade Region and Project Year

Savings per Year Savings per Year| Susan Maersk | Savings per Year

Susan Maersk Transporting Susan Maersk Transporting | (Post-Panamax) | Transporting |Total Savings per

(Post-Panamax) | Miami Harbor | (Post-Panamax) | Miami Harbor Tonnage per Miami Harbor | Year on Susan

Tonnage per Tonnage - Far Tonnage per Tonnage - Year - Tonnage - Maersk (Post-
Project Year| Year -Far East East Year - Europe Europe Mediterranean | Mediterranean (P x) Vessels
Years1 -5 7,787 $52,778 16,156 $32,582 1,373 $3,434 388,795
Years 6 - 10 28,619 $193,977 59,380 $119,752 5,047 $12,622 $326,350
Years 11 -15 69,844 $473,400 144,916 $292,253 12,317 $30,804 $796,456
Years 16 -20 127,811 $866,298 265,189 $534,808 22,540 $56,369 $1,457,476
Years 21 - 25 208,659 $1,414,286 432,939 $873,108 36,798 $92,026 $2,379,421
Years 26 - 30 297,275 $2,014,928 616,806 $1,243,914 52,426 $131,109 $3,389,951
Years 31 - 35 404,354 $2,740,706 838.979 $1,691,972 71,310 $178,333 $4,611,013
Years 36 - 40 537,678 $3,644,377 1,115,609 $2,249,852 94,822 $237,136 $6,131,365
Years 41 - 45 706,258 $4,787,010 1,465,390 $2,955,255 124,552 $311,486 $8,053,751
Years 46 - 50 911,656 $6,179,193 1,891,562 $3,814,718 160,775 $402,074 $10,395,984
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Table A-83: Inbound Susan Maersk (Post-Panamax) Savings Resulting from 48 Foot Project by
Trade Region and Project Year

Savings per Year Savings per Year| Susan Maersk | Savings per Year

Susan Maersk Transporting Susan Maersk Transporting | (Post-Panamax) | Transporting |Total Savings per

(Post-Panamax) | Miami Harbor | (Post-Panamax) | Miami Harbor Tonnage per Miami Harbor | Year on Susan

Tonnage per Tonnage - Far Tonnage per Tonnage - Year - Tonnage - Maersk (Post-
Project Year| Year -Far East East Year - Europe Europe Mediterranean | Mediterranean |[Panamax) Vessels
Years 1 -5 8,139 $63,153 16,888 $38,987 1,435 $4,109 $106,250
Years 6 - 10 29,759 $230,897 61,745 $142,544 5,248 $15,024 $388,466
Years 11 - 15 72,223 $560,380 149,853 $345,950 12,737 $36,463 $942,793
Years 16 - 20 131,596 $1,021,056 273,043 $630,348 23,208 $66,439 $1,717,844
Years 21 - 25 214,009 $1,660,500 444,039 $1,025,108 37,742 $108,047 $2,793,656
Years 26 - 30 303,702 $2,356,432 630,139 $1,454,741 53,559 $153,331 $3,964,504
Years 31 -35 411,747 $3,194,757 854,318 $1,972,280 72,614 $207,880 $5,374,916
Years 36 - 40 545,892 $4,235,596 1,132,651 $2,614,841 96,271 $275,606 $7,126,043
Years 41 - 45 715,020 $5,547,868 1,483,569 $3,424,970 126,097 $360,994 $9,333,832
Years 46 - 50 920,722 $7,143,917 1,910,373 $4,410,289 162,374 $464,848 $12,019,055

Table A-84: Inbound Susan Maersk (Post-Panamax) Savings Resulting from 49 Foot Project by
Trade Region and Project Year

Savings per Year

Savings per Year

Susan Maersk

Savings per Year

Susan Maersk Transporting Susan Maersk Transporting | (Post-Panamax) | Transporting |Total Savings per

(Post-Panamax) | Miami Harbor | (Post-Panamax) { Miami Harbor Tonnage per Miami Harbor | Year on Susan

Tonnage per Tonnage - Far Tonnage per Tonnage - Year - Tonnage - Maersk (Post-
Project Year| Year -Far East East Year - Europe Europe Mediterranean | Mediterranean [P. X) Vessels|
Years1-5 8,491 $73,476 17,617 $45,360 1,497 $4,781 $123,617
Years 6- 10 30,888 $267,298 64,089 $165,016 5,447 $17,393 $449,707
Years 11 - 15 74,571 $645,318 154,725 $398,386 13,151 $41,990 $1,085,694
Years 16 - 20 135,326 $1,171,077 280,784 $722,963 23,866 $76,201 $1,970,240
Years 21 - 25 219,285 $1,897,628 454,986 $1,171,498 38,672 $123.477 $3,192,603
Years 26 - 30 310,062 $2,683,191 643,337 $1,656,465 54,681 $174,593 $4,514,248
Years 31 - 35 419,112 $3,626,872 869,600 $2,239,046 73,913 $235,997 $6,101,915
Years 36 - 40 554,161 $4,795,551 1,149,809 $2,960,528 97,729 $312,042 $8,068,121
Years 41 - 45 723,991 $6,265,207 1,502,182 $3,867,819 127,680 $407,671 $10,540,697
Years 46 - 50 930,229 $8,049,934 1,930,098 $4,969,618 164,051 $523,801 $13,543,354

Table A-85: Inbound Susan Maersk (Post-Panamax) Savings Resulting from 50 Foot Project by
Trade Region and Project Year

Savings per Year Savings per Year| Susan Maersk |Savings per Year

Susan Maersk Transporting Susan Maersk Transporting | (Post-Panamax) | Transporting |Total Savings per

(Post-Panamax) | Miami Harbor | (Post-Panamax) | Miami Harbor Tonnage per Miami Harbor | Year on Susan

Tonnage per Tonnage - Far Tonnage per Tonnage - Year - Tonnage - Maersk (Post-
Project Year| Year -Far East East Year - Europe Europe Mediterranean | Mediterranean [P. x) Vessels
Years1-5 8,491 $73,476 17,617 $45,360 1,497 $4,781 $123,617
Years 6 - 10 30,888 $267,298 64,089 $165,016 5,447 $17,393 $449,707
Years 11-15 74,571 $645,318 154,725 $398,386 13,151 $41,990 $1,085,694
Years 16 - 20 135,326 $1,171,077 280,784 $722,963 23,866 $76,201 $1,970,240
Years 21 - 25 219,285 $1,897,628 454,986 $1,171,498 38,672 $123,477 $3,192,603
Years 26 - 30 310,062 $2,683,191 643,337 $1,656,465 54,681 $174,593 $4,514,248
Years 31 -35 419,112 $3,626,872 869,600 $2,239,046 73913 $235,997 $6,101,915
Years 36 - 40 554,161 $4,795,551 1,149,809 $2,960,528 97,729 $312,042 $8,068,121
Years 41 - 45 723,991 $6,265,207 1,502,182 $3,867,819 127,680 $407,671 $10,540,697
Years 46 - 50 930,229 $8,049,934 1,930,098 $4,969,618 164,051 $523,801 $13,543,354

Yearly transportation savings by depth for the five vessel classes are summed together and
discounted to the base year of the project using the current federal rate of 5.625 percent, and
the total of the discounted yearly transportation savings at a given depth represents the total
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base year benefit of the project at that depth. Table A-86 presents the total discounted
transportation savings for each potential channel depth.

Using the Federal discount rate of 5.625 percent and the fifty-year life of the project to
annualize the benefits produces the Average Annual Equivalent (AAEQ) benefits of the
project at each depth. Table A-86 displays total AAEQ benefits for each potential channel
depth.

Table A-86: Total Discounted and Average Annual Equivalent Benefits for Each Potential Project

Depth at Miami Harbor

AAEQ
Transportation Transportation

Channel Depth Benefits Benefits
Deepen System to 43 Feet $40,788,344 $2,453,354
Deepen System to 44 Feet $78,205,117 $4,703,914
Deepen System to 45 Feet $112,673,088 $6,777,108
Deepen System to 46 Feet $139,055,626 $8,363,976
Deepen System to 47 Feet $160,522,169 $9,655,154
Deepen System to 48 Feet $180,868,182 $10,878,934
Deepen System to 49 Feet $199,628,174 $12,007,318
Deepen System to 50 Feet $200,133,356 $12,037,704

Benefits During Construction (BDC)

There will be no benefits during construction associated with the Miami Harbor project
because all widening improvements must be in place to accrue vessel delay elimination
benefits, and deepening of the harbor will occur simultaneously with widening
Improvements.

Advance Utility Replacement Benefits

Replacement of two utility lines will be necessary for any deepening alternative. The cost of
these utility replacements is charged as a project cost. The benefit of the extended useful

life of each utility line is added to the project benefits. See the Main Report for more
information about the replacement of the utility lines and the calculation of the advanced
utility replacement benefits.

Total Benefits

Total benefits include channel improvement benefits and benefits associated with advance
utility replacement. Total AAEQ project benefits are shown in Table A-87.
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Table A-87: Total AAEQ Benefits

AAEQ Advance Utility
Project AAEQ Improvement Benefits Replacement Benefits Total Benefits

1C Widen Entrance Channel, 2A Widener

between Buoys 13 and 15, 5A Widen

Fishermans Channel $2,848,000 $2,848,000
1C Widen Entrance Channel, 2A Widener

between Buoys 13 and 15, SA Widen

Fishermans Channel and 3B Extend Fisher

Island Turning Basin $4,140,000 $4,140,000
Deepen System to 43 Feet $6,593,354 $84,268 $6,677,622
Deepen System to 44 Feet $8,843,914 $84,268 $8,928,182
Deepen System to 45 Feet $10,917,108 $84,268 $11,001,376
Deepen System to 46 Feet $12,503,976 $84,268 $12,588,243
Deepen System to 47 Feet $13,795,154 $84,268 $13,879,422
Deepen System to 48 Feet $15,018,934 $84,268 $15,103,202
Deepen System to 49 Feet $16,147,318 $84,268 $16,231,586
Deepen System to 50 Feet $16,177,704 $84,268 $16,261,972
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COSTS
CONSTRUCTION COSTS

Construction costs for each project are summarized in Table A-88. See the Main Report
and Appendix B for a complete discussion of the costs shown in Table A-88.

INTEREST DURING CONSTRUCTION

Interest During Construction (IDC) is calculated to account for the opportunity cost of
expended funds before the benefits of the project are available. Using the project schedule
for each increment (see Main Report), projected expenditures are plotted on a construction
timeline and the opportunity costs of those expenditures are calculated using the current
Federal discount rate of 5.625 percent.

Adding the IDC to the construction cost for each project produces the real cost of the project
at the point in time that the project is completed. See Table A-88 for IDC costs for each
alternative project.

FISHER ISLAND BULKHEAD REPLACEMENT COST

Damage to the Fisher Island Bulkhead, as described in the Main Report, is treated as an
economic cost of the project. The appropriate cost figure is the difference between the
without-project cost of repairing the bulkheads, thereby deferring replacement, and the
higher with-project cost of immediately replacing them. Future maintenance costs are also
included in the computations. The costs are calculated based on the present value of the
expected fifty-year cash flows associated with each condition.

The Port of Miami’s Fisher Island Bulkhead Assessment Report (September 5, 2003),
prepared by Shaw Environmental & Infrastructure, Inc., evaluates the condition of the
bulkheads and provides a financial cost analysis for repairs and maintenance. Repair and
replacement costs with remaining useful life estimates are in Table 1 of the report.
Maintenance costs are also provided.

The report states that “Segment A is in poor condition and requires immediate repair or
replacement. Segment B is in fair condition and needs immediate repair or replacement
within 5 years. Segment C is in good condition and needs only minor maintenance.” The
remaining useful life after repairs is given as one to two years for Segment A, three to five
years for Segment B, and greater than 15 years for Segment C. Based on these figures, the
without-project cost of the bulkheads was calculated assuming Segment A has a useful life
after repairs of only one year due to its “poor” condition and Segment B has a useful life of
five years due to its “fair”’ condition.

For Segment A the cost of repairing and then replacing the bulkhead (i.e., the without

project condition) is $989,275. The cost of replacing the bulkhead upfront (i.e., the with
project condition) is $1,036,522. This results in a cost of $47,247 for Segment A. For
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Segment B the cost of repairing and then replacing the bulkhead is $792,373 and the cost of
replacing the bulkhead upfront is $1,036,522, resulting in a cost of $244,149 for Segment B.
Segment C only has repair costs. Ferry Slip does not have any costs.

Total cost for Fisher Island Bulkhead replacement is $291,395, as shown in Table A-88;
total AAEQ costis $17,527, as shown in Table A-89.

Table A-88: Construction Cost and Economic Costs

Fisher Island
Bulkhead
Construction Replacement
Project Cost IDC Cost Total Cost

1C Widen Entrance Channel, 2A Widener
between Buoys 13 and 15, 5A Widen
Fishermans Channel $22.599,315 $1,306,100 $291,395 $24,196,810
1C Widen Entrance Channel, 2A Widener
between Buoys 13 and 15, SA Widen
Fishermans Channel and 3B Extend Fisher

Island Turning Basin $26,229.817 $1,626,130 $291,395 $28,147,342
Deepen System to 43 Feet $92,381,593 $8,976,522 $291,395 $101,649,510
Deepen System to 44 Feet $104,480,828 $10,899,345 $291,395 $115,671,568
Deepen System to 45 Feet $111,995,359 $12,078,924 $291,395 $124,365,678
Deepen System to 46 Feet $118,831,812 $12,873,054 $291,395 $131,996,261
Deepen System to 47 Feet $127,362,809 $14,337,505 $291,395 $141,991,710
Deepen System to 48 Feet $137,487,666 $15,924,445 $291,395 $153,703,506
Deepen System to 49 Feet $149,033,579 $19,262,453 $291,395 $168,587,427
Deepen System to 50 Feet $157,506,768 $21,568,088 $291,395 $179,366,251

AVERAGE ANNUAL EQUIVALENT (AAEQ) COSTS

Just as project benefits are converted to AAEQ benefits, project costs are converted to
AAEQ costs using the Federal discount rate of 5.625 percent to annualize the costs over the
50-year life of the project.

Table A-89 displays AAEQ construction cost, AAEQ IDC, and total AAEQ costs for each
project.
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Table A-89: Miami Harbor AAEQ Costs

AAEQ Fisher
AAEQ Island Bulkhead
Construction Replacement AAEQ Total
Project Cost AAEQ IDC Cost Cost

1C Widen Entrance Channel, 2A Widener

between Buoys 13 and 15, 5A Widen

Fishermans Channel $1,359,313 $78,560 $17,527 $1,455,400
1C Widen Entrance Channel, 2A Widener

between Buoys 13 and 15, 5A Widen

Fishermans Channel and 3B Extend Fisher $1,577,682 $97,809 $17,527 $1,693,018
Deepen System to 43 Feet $5,556,606 $539,924 $17,527 $6,114,057
Deepen System to 44 Feet $6,284,356 $655,578 $17,527 $6,957,462
Deepen System to 45 Feet $6,736,343 $726,528 $17,527 $7,480,398
Deepen System to 46 Feet $7,147,545 $774,294 $17,527 $7,939,366
Deepen System to 47 Feet $7,660,671 $862,378 $17,527 $8,540,576
Deepen System to 48 Feet $8,269,665 $957,830 $17,527 $9,245,022
Deepen System to 49 Feet $8,964,134 $1,158,606 $17,527 $10,140,267
Deepen System to 50 Feet $9,473,782 $1,297,286 $17,527 $10,788,596
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NATIONAL ECONOMIC DEVELOPMENT PLAN ANALYSIS

The National Economic Development (NED) plan is determined by analyzing the
increments of the project in order to evaluate alternative plans. Components of the
project—individual construction features that improve the channel—are discussed in detail
in the Main Report. Project increments are either individual components that generate
benefits independently or inseparable groups of components that generate benefits
interdependently. Alternative Plans are different combinations of project increments.

Three categories of potential transportation cost reduction benefits are attainable through
improvements to the Port:

e The first benefit category is a reduction in the number of tug assists needed for Post-
Panamax container vessels, as well as a reduction in the transit time for Post-
Panamax container vessels, resulting from widening the channel (interdependent
components 1C, 2A, and 5A).

¢ The second benefit category is a decrease in the time spent by vessels while
navigating the channel because of the availability of an additional turning basin,
resulting from extending the Fisher Island Turning Basin (independent component
3B).

e The third benefit category is a reduction in, or an elimination of, light loading,
resulting from deepening the channel (independent component Deepening to
Optimal NED depth).

Eight Alternative Plans can be formed from the three benefit categories:

Alternative Plan A: No Action Plan

Alternative Plan B: Widen the Channel (Components 1C, 2A, and 5A)

Alternative Plan C: Extend the Fisher Island Turning Basin (Component 3B)

Alternative Plan D: Widen the Channel (Components 1C, 2A, and 5A) and Extend

the Fisher Island Turning Basin (Component 3B)

Alternative Plan E: Deepen the Previously-Authorized Channel Configuration

e Alternative Plan F: Widen the Channel (Components 1C, 2A, and 5A) and Deepen
the Resulting Channel Configuration

e Alternative Plan G: Extend the Fisher Island Turning Basin (Component 3B) and
Deepen the Resulting Channel Configuration

e Alternative Plan H: Widen the Channel (Components 1C, 2A, and 5A), Extend the

Fisher Island Turning Basin (Component 3B), and Deepen the Resulting Channel

Configuration

An additional Alternative Plan, Alternative Plan I, comprises the extension of the Dodge
Island Channel and the construction of the Dodge Island Turning Basin. These components
were found to be unfeasible following a preliminary benefit/cost analysis and were not
included in the final set of Alternative Plans.

109



Utilized to select the plan from the Alternative Plans A-H that provides the highest net NED
benefits, the NED Plan Analysis process compares costs to NED benefits for each increment
of the project. In order to be included in the NED plan, each increment must be justified
(provide benefits that exceed costs) based on a comparison of its marginal costs and
benefits. By including only those increments that have positive net benefits, the NED Plan
maximizes the net benefits of the project. Table A-90 provides AAEQ costs and benefits,
and net benefits for each project increment, revealing those increments that have positive net
benefits.

Table A-90: Costs and Benefits of Project Increments

Incremental Incremental | Net Incremental
Increment AAEQ Cost AAEQ Benefits | AAEQ Benefits

1C Widen Entrance Channel, 2A Widener
between Buoys 13 and 15, SA Widen
Fishermans Channel $1,455,400 $2,848,000 $1,392,600
3B Extend Fisher Island Turning Basin $237,618 $1,292,000 $1,054,382
Deepen System from 42 Feet to 43 Feet $4,421,039 $2,537,622 -$1,883,417
Deepen System from 43 Feet to 44 Feet $843,405 $2,250,560 $1,407,155
Deepen System from 44 Feet to 45 Feet $522,937 $2,073,194 $1,550,257
Deepen System from 45 Feet to 46 Feet $458,967 $1,586,868 $1,127,900
Deepen System from 46 Feet to 47 Feet $601,210 $1,291,179 $689,968
Deepen System from 47 Feet to 48 Feet $704,446 $1,223,780 $519,334
Deepen System from 48 Feet to 49 Feet $895,244 $1,128,384 $233,140
Deepen System from 49 Feet to 50 Feet $648,329 $30,386 -$617,943

The first increment examined is channel widening. A comparison of the benefits and cost of
Components 1C, 2A, and SA shows that the benefits exceed the cost, so this increment has a
positive net benefit and is part of the NED plan. This finding eliminates four of the
alternative plans, leaving Alternative Plans B, D, F, and H.

The second increment examined is extending the Fisher Island Turning Basin. A
comparison of the additional benefits and cost of the project resulting from adding
Component 3B shows that the marginal benefits exceed the marginal cost, so this increment
has a positive net benefit and is part of the NED plan. This finding eliminates two of the
remaining alternative plans, leaving Alternative Plans D and H.

The final set of increments examined is deepening the newly configured channel from its
current depth of 42 feet to depths up to 50 feet. A comparison of the benefits and costs of
the potential deepening projects shows that one foot of deepening (to 43 feet in the inner
channel and 45 feet in the outer channel) has a negative net benefit; however, further
deepening produces positive net benefits that are maximized at 49/51 feet of project depth.
Therefore, 49 feet is the NED depth for the deepening project, and deepening the channel to
49 feet is part of the NED plan, eliminating Alternative Plan D and leaving Alternative Plan
H as the NED Plan.
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Table A-91 confirms that NED net benefits are maximized with Alternative Plan H, which
includes widening the channel, extending the Fisher Island Turning Basin, and deepening
the resulting channel system to 49/51 feet. The benefit/cost ratio of the NED Plan is 1.60.
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Table A-91: Costs and Benefits of Alternative Plans

AAEQ Total Net AAEQ Benefit/Cost
Alternative Plan Costs AAEQ Benefits Benefits Ratio

Alternative Plan A: No Action $0 $0 $0 /3]
Alternative Plan B: 1C Widen Entrance

Channel, 2A Widener between Buoys 13 and

15, 5A Widen Fishermans Channel $1,455,400 $2,848,000 $1,392,600 1.96
Alternative Plan C: 3B Extend Fisher Island

Turning Basin $237,618 $1,292,000 $1,054,382 5.44

Alternative Plan D: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin $1,693,018 $4,140,000 $2,446,982 2.45
Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 43 Feet $6,114,057 $6,677,622 $563,565 1.09
Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 44 Feet $6,957,462 $8,928,182 $1,970,720 1.28
Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 45 Feet $7,480,398 $11,001,376 $3,520,977 1.47
Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 46 Feet $7,939,366 $12,588,243 $4,648,878 1.59
Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 47 Feet $8,540,576 $13,879,422 $5,338,846 1.63
Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Dee pen Channel to 48 Feet $9,245,022 $15,103,202 $5,858,180

Deepen Channel to 49 Feet

Alternative Plan H: 1C Wlden Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 50 Feet

$10,788,596 $16,261,972 $5,473,376
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MULTIPORT ANALYSIS
GENERAL

The purpose of the multiport analysis is to assess whether or not improvements at Miami
Harbor would result in a diversion of cargo traffic from competing ports to Miami Harbor.
Diverted traffic from competing U.S. ports is not a National Economic Benefit (NED) as
there is no increase in the net value of the national output of goods and services. Ifitis
determined that there is an impact, the forecasted cargo traffic at Miami Harbor would be
adjusted by an amount derived from the analysis cargo movements and transportation costs
at competing ports.

Miami Harbor is the southernmost major port on the Atlantic coast. Its location referenced
to other major South Atlantic Region ports is as follows: 21 nautical miles south of Port
Everglades, Florida; 83 nautical miles south of Palm Beach, Florida; 173 nautical miles
south of Port Canaveral, Florida; 306 nautical miles south of Jacksonville, the most northern
port on Florida’s Atlantic Coast; 386 nautical miles south of Savannah, Georgia; and 420
nautical miles south of Charleston, South Carolina. These ports, as well as, Tampa, Florida,
could be a competing port for one or more of the commodities handled by Miami Harbor.

As shown in Table A-5, about 97 percent of all cargo handled by the Port of Miami is
containerized cargo transported in containers or trailers. The remaining 3 percent is neobulk
and breakbulk cargo. Thus, only containerized cargo movements at competing ports needs
to be considered.

For containerized cargo, this analysis will (1) identify containerized cargo volumes at
competing ports; (2) assess the extent of the overlap in the flow of containerized cargo in the
hinterlands served by each of the potential competing ports, and (3) identify any
advantages/disadvantages in (a) transportation costs, and (b) institutional and/or cargo
capacity constraints resulting from port administration, terminal operators, and/or stevedore
companies’ policies, and/or future growth; and then, if appropriate, (4) quantify any diverted
containerized cargo traffic due to improvements at Miami Harbor.

Ports also compete for cruise ship business. For Miami Harbor, the competition includes
Port Canaveral, the Port of Tampa, and Port Everglades Florida. Each of these ports has
sufficient channel depth to accommodate the largest cruise ships. Cruise ships with overall
lengths of 800 feet or more have design drafts of 24 to 30 feet. Only two older large cruise
ships, the NORWAY (1961) and QUEEN ELIZABETH 2 (1969), have design drafts in
excess of 30 feet, 34.4 feet and 32.6 feet, respectively. The QUEEN MARY 2, which is
scheduled for completion in 2003, will have a design draft of 32.8 feet. The design cruise
ship for the study, the VOYAGER OF THE SEAS, has a design draft of 28.2 feet. Thus,
deepening the Main Channel at Miami Harbor from its current 36 feet would not divert any
cruise ship business to Miami Harbor. Accordingly, deepening the Main Channel was not
considered.

Cruise ship operators stated that they are concerned mostly with sufficient berthing area to
accommodate several large cruise ships at the same time. The Port proposed that additional
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berthing space be developed for smaller cruise ships at Terminal 12 at the southeastern end
of Dodge Island. This would provide additional berthing space for the larger cruise ships at
the main cruise terminals at the northwestern end of Dodge Island. However, a preliminary
analysis determined that benefits were insufficient to justify the construction of this
alternative (Alternative 6). Even without the development of this new facility, there does
not appear to be any reason for a transfer of cruise ship business from Miami Harbor due to
the adequacy of berthing space, as competing ports face the same berthing constraints.

CONTAINERIZED CARGO

Import and export (non-domestic) liner tonnage is shown in Table A-92 for Miami Harbor,
Port Everglades, Palm Beach Harbor, Port Canaveral, Jacksonville Harbor, and Tampa
Harbor. In 1999, Miami Harbor had the most containerized cargo tonnage (4,399,517 short
tons), approximately 1.7 times that of Port Everglades (2,599,447 short tons), which had the
second highest volume of containerized cargo. Jacksonville had the third highest volume
(1,457,143 short tons), about 56 percent of Port Everglades’ total and 33 percent of Miami
Harbor’s total. It should be noted that the total for Jacksonville Harbor does not include
containerized cargo trade with Puerto Rico, which represents a significant portion of it’s
overall containerized cargo trade, as it is classified as domestic tonnage (cargo moving
between U.S. ports). Palm Beach Harbor, Tampa Harbor, and Port Canaveral have
significantly less containerized cargo trade than Miami Harbor: 421,098; 199,886; and
44,225 short tons, respectively.

Tampa Harbor serves a different hinterland than Miami Harbor, as does Jacksonville
Harbor. Palm Beach Harbor overlaps the northem portion of Miami Harbor’s hinterland.
However, it is not anticipated that improvements at Miami Harbor would shift a significant
portion of containerized cargo from Palm Beach Harbor to Miami Harbor, or for that matter,
Port Everglades, as the cargo delivered to Palm Beach Harbor supplies the local market.
Port Canaveral’s containerized cargo is also consumed locally, and by the Port’s cruise ship
business (Disney cruise ship homeport).

The ports of Savannah, Georgia, and Charleston, South Carolina, are respectively 386 and
420 nautical miles north of the Port of Miami. Due to the significant landside trucking costs
associated with transshipping cargo between the Port of Miami and either the Port of
Savannah or the Port of Charleston, potential cargo shifts among them were not considered
economical viable.

Miami Harbor and Port Everglades are only 21 nautical miles from each other. Thus, their
hinterlands overlap. If any shifting of containerized cargo did occur due to improvements at
Miami Harbor, it would most likely be from Port Everglades.

Table A-93 displays recorded entries from Piers Import Export Reporting Service (PIERS)
for select containerized cargo types (vegetable products, food products, and manufactured
products) for Miami Harbor and Port Everglades in 1999. As shown in Table A-93, the two
ports strongly compete in the Central American market as demonstrated by similar total of
recorded entries: Miami Harbor, 140; Port Everglades, 154, based on the sample countries:
Costa Rica, Guatemala, Nicaragua, and Panama. In this trade, container ships are generally
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small due to constraints at Central American ports (shallow depths and lack of gantry
cranes). But, small Panamax class (maximum beam 106 feet) containerships are employed
in this trade region. These small Panamax class container ships have design drafts between
38 and 41 feet. But, they normally do not fully load. So, their actual transit drafts are
typically less than their design drafts. Currently, both Miami Harbor and Port Everglades
have 42-foot channel depths. Thus, deepening Miami Harbor beyond 42 feet would not
impact these vessels; and accordingly, would not bring about a shift in cargo traffic from
Port Everglades to Miami Harbor.

The most significant difference in the level of containerized cargo traffic between Miami
Harbor and Port Everglades is in the European and Asian trade regions. As shown in Table
A-93, Miami had 244 total records in the sample of European countries (France, Italy,
Spain, and the United Kingdom), while Port Everglades had only 119. Similarly, in the
sample of Asian countries (Mainland China, Hong Kong, and Japan), Miami had 124
records, while Port Everglades had 23. If Port Everglades remains at 42 feet, while Miami
Harbor is deepened beyond 42 feet, it is possible that some containerized cargo could shift
from Port Everglades to Miami Harbor. Landside costs are comparable between the two
ports, and the shipping distances between these ports and those in various trade regions are,
for all practical purposes, the same. Moreover, most containerized cargo is trucked from the
ports. Therefore, land transportation costs are approximately the same and would not
change. With a deeper channel, container ships can transport more cargo, reducing the
shipping cost per ton. If Miami Harbor were two to three feet deeper than Port Everglades
for an extended period of time, the reduction in at sea transportation costs could induce
some cargo to shift from Port Everglades to Miami Harbor. However, it is very doubtful
that any significant difference in channel depth would continue for a long enough period to
induce any shift. The rational economic (‘“most likely”) action for both port authorities
would be to insure, at a minimum, channel depth parity. Currently, both ports are 42 feet
deep.

Throughput constraints are very critical with respect to potential inducements to shift cargo
movements to another port. As cargo traffic grows in the future, both Miami Harbor and
Port Everglades will have to make capital expenditures in storage facilities, cargo handling
equipment, and intermodal facilities to insure that cargo can be efficiently handled.
Accordingly, general indicators of capacity constraints will be used herein to assess the
potential for a shift in cargo movements. The intent is to assess the their overall capacities,
not the capacities of individual terminals within them.

In fiscal year 2000, Miami Harbor recorded 868,178 TEUs, while Port Everglades recorded
676,760 TEUs. Miami Harbor currently has 363 acres (274 onsite and 89 offsite), while
Port Everglades has 302 acres of dedicated container storage. Thus, Miami had a
productivity rate (throughput per acre) of 2,392 TEUs per acre, while Port Everglades had a
productivity rate of 2,241 TEUs per acre. Both ports are projected to have an overall
average annual growth rate of between 4 and 5 percent over the 50-year study period; that is,
2010 to 2060. The single-payment-compound-growth factor for a 60-year period (current
year, 2000, to end of study period, 2060) at an annual growth rate of 4.5 percent (midpoint
of 4 and 5 percent) is 14.027408. Multiplying each port’s number of TEUs in fiscal year
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2000 by 14.027408 results in 12,178,287 TEUs for Miami Harbor and 9,493,189 TEUs for
Port Everglades. So, by 2060, the ports would have to be able to respectively handle 12.2
and 9.5 million TEUs, assuming a uniform average weight per container.

Cargo throughput capacity consists of a series of connected components: gantry cranes,
wharf, terminal equipment, temporary storage facilities, and intermodal connections. The
level of cargo that can be handled by these components will depend on key factors: gantry
crane and cargo storage handling equipment capacity utilization, container dwell time,
storage density, and general operating characteristics (hours per day and days per week day).

With respect to equipment capacity utilization, the big factor is hours of operation. To
illustrate, gantry cranes are utilized to their maximum operational capacity at Asian ports,
operating on a daily schedule of 20 hours of operations and 4 hours of maintenance, 365
days a year: Twenty hours per day x 40 container moves (minimum) per hour x 1.7 (ratio of
total containers to TEUs) x 365 days = 496,400 TEUs per year. So, by year 50 of the study
period (2060), Miami would need 25 (12,178,287 TEUs/496,400 TEUs), while Port
Everglades would need 20 cranes (9,493,189 TEUs/496,400 TEUs). Currently, Miami
Harbor has 12 (2 of the 12 will arrive in 2003/4); it will have to add 13 over the 60-year
period. Port Everglades Harbor has 7 gantry cranes; it would also have to add 13. Thus,
both ports would have to add approximately two to three (2.6) gantry cranes every 10 years
and appropriate cargo-storage handling equipment, if they implemented a “24/7 operation,
with equipment operating 20 hours per day. Most of the terminals at the ports do not
operate on a “24/7” schedule. Both ports advised that there are no institutional restrictions
to a “24/7” operation. The terminal operators set the daily hours of operation (yard hours).
The hours of operation reflect the level of container traffic. As container traffic increases
over time, it is reasonable to expect that the terminal operators would expand their
operational hours, since this would be “‘economically rational” behavior. Moreover,
increasing the number of container moves per hour would reduce the number of required
gantry cranes. For example, doubling the number on container moves from 40 to 80 would
eliminate the need for additional gantry cranes. Thus, this illustration demonstrates that
amount of equipment and the extent of its utilization does not present a capacity constraint at
either port.

Because of limited availability and cost, land for the temporary storage of containers (loaded
and empty) has the potential to constrain future growth. Currently, Miami Harbor as 363
acres, while Port Everglades Harbor has 302 acres of dedicated container storage. Based on
information from a cargo handling equipment manufacturer, 480 loaded containers can be
stored on one acre (6 rows of containers wide, 4 containers high, and 20 rows deep) with
either a reach-stacker or Rubber Tire Gantry (RTG). If a top-loader is used, 320 loaded
containers can be stored on one acre. Empty containers can be stacked higher, up to eight
containers high. Stacking eight containers high results in an additional 480 containers per
acre. Empty containers represent 25 to 30 percent of both ports’ total annual TEUs. In the
future, the ports will most likely stack empties higher as an easy way to increase temporary
container shortage capacity. But, for this general assessment to determine if throughput
constraints over time would result in containerized cargo shifts among competing ports, this
assumption does not affect the results. Moreover, trailers are stored at about 50 40-footers
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per acre, or 100 TEUs per acre. Since trailers are not stacked, one acre can accommodate
100 loaded or empty TEUs. Trailers represent about 40 percent at Miami Harbor and about
10 percent of total annual TEUs at Port Everglades. Trailers will be replaced with
containers, as storage space becomes a constraint. This transition has begun at Miami
Harbor. Seaboard Marine is already replacing RO/RO vessels with “Combos,” that is,
vessels that carry both trailers and containers.

Both ports provided information on container dwell time. The weighted average for loaded
and empty containers for both ports is about 9 days. Containers on one acre would turn over
40.5 times (365 days in a year/9 days). So, one acre has an annual container storage
capacity of 19,440 TEUs (480 TEUs x 40.5) with RTGs or reach-stacker, and 12,960 TEUs
(320 TEUs x 40.5) with a top-loader.

Presently, Miami Harbor currently uses a combination of RTGs and toploaders. Assuming a
utilization of 30 percent RTGs and 70 % toploaders, Miami Harbor has an annual container
storage capacity of 5,410,152 TEUs (363 acres x 14,904 TEUs per acre). Port Everglades
uses only toploaders. Therefore, Port Everglades Harbor currently has an annual container
storage capacity of 3,913,920 TEUs (302 acres x 12,960 TEUs per acre). The year in which
each ports container storage capacity would be exceeded for various annual growth rates is
displayed in Table A-94. For illustrative purposes, the projected average annual growth rate
for both ports is assumed to be 4.5 percent, as previously discussed. At this rate of annual
growth, the projected annual container throughput at Miami Harbor would exceed the port’s
overall container storage capacity in year 42 from the current year (2000) and in year 32
from the base year of the study period (2010); for Port Everglades Harbor, years 40 and 30
respectively, assuming no change in container storage acreage, in the composition (“mix”
of cargo handling equipment, and in general landside container handling over time. Any
improvements in these operational factors would increase the number of years of estimated
storage capacity. But, given the stated assumptions, both ports would reach their temporary
container storage capacity to handle future growth at about the same time in the distant
future with their current dedicated container storage acreage.

Based on discussions with port staff, both ports have additional land that could be used for
container storage, but the amount is limited; as is available acreage at or adjacent to the
existing port facilities. In the future, the most likely course of action would be to purchase
or lease off-site acreage for the storage of empty containers, which can be stored at twice the
density of loaded containers. Furthermore, as containerized cargo tonnage increases over
time, it is reasonable to expect that the average container weight will increase. Therefore,
fewer containers will be transporting more cargo in the future. The values shown in Table
A-94 assume no change in the uniform average container weight over the 60-year period.
Thus, containers grow at the same annual rate as cargo. With heavier, but fewer containers,
both ports would reach their container storage capacities later than the years shown in Table
A-94.

The terminals at ports are as efficient as the circumstances require. The Port of Miami
efficiently moves the current number of containers and trailers. However, as the amount of
containerized cargo grows, operational and infrastructure changes will need to occur. The
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Port of Miami plans for these changed conditions through their Port Master Development
Plan and associated capital improvement program (POM 2020 Master Implementation
Plan). Recently, larger, faster gantry cranes have been installed and more are on order.
Rubber-Tire Gantry (RTG) cranes have replaced traditional stackers. These cranes allow for
higher stacking of containers, freeing up more Port-side yard space. Additional Port-side
yard space is being made available by the transition from trailers to “grounded” containers,
and the utilization of off-site storage facilities for empty containers. On-island
transportation improvements, particularly separation of cruise and cargo traffic and
construction of cargo gates, is also expected to improve the efficiency of cargo movement.
Moreover, the Port is committed to promoting rail delivery of regional waterborne cargo
through on-Port rail improvements and the development off-site intermodal container
transfer facilities. Furthermore, the Florida Department of Transportation (DOT)’s planned
multi-lane tunnel from Dodge Island to Watson Island will facilitate Port traffic, reducing
congestion in the immediate Port area. These improvements, which are part of the Port
Master Development Plan, will significantly reduce truck traffic to and from the Port on
local (particularly Downtown Miami), regional and state roads. On-island capital
improvements are paid for by tariffs, terminal leases, and state and federal grants. Given the
Port’s landside capital improvement record and planned improvements via the Master Plan,
it is reasonable to assume that any future growth in cargo and vessel calls would be handled
by capital and operational improvements financed by the Port and paid for by tariffs and
terminal leases, as well as grant and loan programs. Off-island improvements are funded
through local, state and federal programs. Accordingly, it is assumed that necessary capital
and operational improvements will be implemented in a planned manner as needed over
time and paid for without the project.

Berthing capacity is not anticipated to be a problem for benefiting cargo vessels at Miami
Harbor. To illustrate, Table A-1 shows that Bays 99 to 140 (Gantry Crane Berths) have a
total of 5,500 liner feet of continuous berthing space. Base on discussions with the Biscayne
Bay Pilots Association, the pilots allow about 66 feet (20 meters) between vessels at the
berth. They refer to this practice as “shoehorn” or “‘steel-to-steel” berthing, which is
common worldwide. This practice would continue with the Post-Panamax container ships.
Taking into account this distance between vessels, four S-Class (SUSAN MAERSK, LOA
1,138 feet) container ships can be berth at a time. A maximum of five Post-Panamax
container ships can be accommodated depending on the combination of sizes: S-Class
SUSAN MAERSK, LOA 1,138 feet; K-Class REGINA MAERSK, LOA 1,044 feet; and a
Composite-Class, LOA 909 feet (see Table A-33). Currently, the large container ships are
at the dock between 12 and 15 hours, or an average of 13.5 hours. So, dividing the total
hours in a year, 8,760, by 13.5 hours results in 649, which is the maximum annual number
of vessels per individual berthing space. Multiplying this value by the total number of
vessels that can be accommodated at a single time results in the total annual number of
vessels that can be berthed at Bays 99 to 140: 649 x 4 =2,596 and 649 x 5 = 3,244 vessels.
As shown in Table A-45, 1,842 Post-Panamax and 553 Panamax calls, or a total of 2,395
calls are forecasted for years 46 to 50 of the planning period. With the annual capacity to
handle between 2,600 and 3,200 Post-Panamax ship calls, this berthing area will be able to
accommodate forecasted ship calls benefiting from deepening the channel, minimizing any
potential harbor congestion.
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Most local capital improvements and related land acquisitions are budgeted for two time
periods: short-term, 1 to 5 years; and long-term, 6 to 10 years. Local master plans usually
cover a 20-year time horizon, and very often include recommended capital improvements
and land acquisitions that are intended to implement the objectives of the master plan.
Future cargo facility plans and associated capital expenditures were reviewed for each port,
and found to be commensurate with projected growth in containerized cargo growth within
their normal planning and budgeting time frames. For example, both ports are investing in
additional land storage areas, intermodal facilities, and upgraded gantry cranes for the next
generation of Post-Panamax container ships. Thus, the ports have demonstrated that they
have historically provided and would provide in the future the funds to purchase land and
equipment, as well as extend their hours of operation, as required to accommodate growth in
containerized cargo traffic.

Thus, the general indicators of port capacity to handle future growth show that there is no
compelling evidence that improvements at either port would result in a shift in cargo
movements from one port to the other due to throughput capacity constraints.

The projected future containerized cargo tonnage is based, primarily, on historical annual
growth at Miami Harbor with no planned change in current trade region vessel itineraries.
The annual growth in Asian and European trade regions is assumed to apply uniformly to all
competing ports. As such, no shifting of cargo is expected to result from this growth.

SUMMARY

Based on a review of factors that would indicate whether the improvements at Miami
Harbor could potentially result in a shift in containerized cargo from competing ports to
Miami Harbor, it is concluded that no significant amount of cargo tonnage would shift.

Table A-92: Liner Imports and Exports for Port Everglades, Miami Harbor, Palm Beach Harbor, Port
Canaveral, Jacksonville Harbor, Tampa Harbor 1999 (Short Tons)

Port Total Imports % Of Total Exports % Of Total
Port Everglades 2,599447 1,264,240 48.63% 1,335,207 51.37%
Miami 4,399,517 2,554,021 58.05% 1,845,495 41.95%
Palm Beach 421,098 94,756 22.50% 326,341 77.50%
Canaveral 44,225 39,753 89.89% 4472 10.11%
Jacksonville 1,457,143 793,121 54.43% 664,022 45.57%
Tampa 199,886 88,555 44.30% 111,331 55.70%

Source: U.S. Imports and Exports, U.S. Customs, Maritime Administration, National Date Center of the U.S. Army Corps of Engineers Web

Site.
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Table A-94: Year Number of Projected TEUs Exceeds Current Container Storage (Acres) At

Various Annual Growth Rates
Port Everglades Harbor Miami Harbor
FY 2000 TEUs 676,760 868,178
Current Container Storage (Acres) ' 302 363
Current TEU Capacity (TEUs) 3,913,920 5,410,152

Current Year 2000 = Year 0

Year Throughput > Capacity

Year Throughput > Capacity

Base Year of Study 2010 = Year 10 From From
(Study period 2010 — 2060) Current Year /Study Base Year Current Year/Study Base Year
Annual Rate =4.0% Year 45/35 Year 47/37
Annual Rate = 4.5% Year 40/30 Year 42/32
Annual Rate = 5.0% Year 36/26 Year 38/28

"Source: Port Authority. Acres dedicated to temporary container storage.
2Number of current container storage acres x capacity of one acre per year:
Port Everglades Harbor: 12,960 TEUs (320 TEUs per acre x 40.5 tumover factor).
Miami Harbor: 14,904 TEUs (368 TEUs per acre x 40.5 tumover factor).
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RISK AND UNCERTAINTY

SENSITIVITY ANALYSES

Risk and uncertainty associated with the economic analysis are addressed through sensitivity
analyses that modify the values associated with key assumptions and/or input parameters to
determine the impact of the change on estimated benefits and costs, as well as project
formulation. For this study, cargo growth rates and interest rates were identified for
sensitivity tests.

INCREASE OR DECREASE IN FEDERAL DISCOUNT RATE

The current Federal interest rate is 5 5/8 percent. By policy, the Federal interest rate cannot
change more than one-quarter of a percent per year; therefore, to account for a potential
annual adjustment in the interest rate, interest rates of 5 3/8 percent and 5 7/8 percent were
used. The impacts on benefits and costs resulting from these changes are shown in Table
A-95 and Table A-96. These tables show that with an increase or a decrease in the Federal
Discount rate, the NED plan for Miami Harbor would remain Alternative H deepened to 49
feet.
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Table A-95: Sensitivity: NED Analysis with Increase in Federal Discount Rate
Costs, Benefits, Net Benefits, and Benefit/Cost Ratio for Alternative Plans

Alternative Plan

AAEQ Total
Costs

AAEQ Benefits

Net AAEQ
Benefits

Benefit/Cost

Ratio

Alternative Plan A: No Action

$0

$0

$0

n/a

Alternative Plan B: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel

$1,513,685

$2,848,000

$1,334,315

1.88

Alternative Plan C: 3B Extend Fisher Island
Turning Basin

$247,579

$1,292,000

$1,044,421

5.22

Alternative Plan D: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin

$1,761,264

$4,140,000

$2,378,736

2.35

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 43 Feet

$6,365,099

$6,600,660

$235,561

1.04

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 44 Feet

$7,244,959

$8,786,425

$1,541,466

1.21

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 45 Feet

$7,790,486

$10,800,441

$3,009,956

1.39

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 46 Feet

$8,268,540

$12,337,148

$4,068,607

1.49

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 47 Feet

$8,896,090

$13,584,195

$4,688,104

1.53

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 48 Feet

ner between Buoys 13 ;
1ermans Channel and 3
Istand Turning Basin, and

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 50 Feet

i H: 1C Widen Entrance =

$9,630,974

$11,248,280

$14,766,735

$15,887,075

$5,135,761

$4,638,795

1.53
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Table A-96: Sensitivity: NED Analysis with Decrease in Federal Discount Rate
Costs, Benefits, Net Benefits, and Benefit/Cost Ratio for Alternative Plans

Alternative Plan

AAEQ Total
Costs

AAEQ Benefits

Net AAEQ
Benefits

Benefit/Cost

Ratio

Alternative Plan A: No Action

$0

$0

$0

n/a)

Alternative Plan B: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel

$1,401,951

$2,848,000

$1,446,049

2.03

Alternative Plan C: 3B Extend Fisher Island
Turning Basin

$228,536

$1,292,000

$1,063,464

5.65

Alternative Plan D: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin

$1,630,487

$4,140,000

$2,509,513

2.54

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 43 Feet

$5,872,269

$6,745,992

$873,723

1.15

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 44 Feet

$6,680,015

$9,063,709

$2,383,694

1.36

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 45 Feet

$7,180,854

$11,198,225

$4,017,370

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 46 Feet

$7,621,096

$12,837,114

$5,216,018

1.68

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 47 Feet

$8,196,564

$14,174,082

$5,977,518

1.73

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 48 Feet

ivePlan H: 1 ide

1d Fish ning
gen (Channel to 49 Feet
Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 50 Feet

$8,871,229

$10,343,146

$15,440,637

$16,639,250

$6,569,408

$6,296,104
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ZERO GROWTH

To determine if future cargo growth is required for project justification, a sensitivity analysis
was conducted assuming zero growth from the base year, 2010, to the end of the project life,
2060. The results of this assessment are displayed in Table A-97. This assessment shows
that growth in cargo traffic is required for benefits to exceed costs. Zero growth is not a
realistic assumption; however, it is an expeditious way to demonstrate whether or not a
project is economically justified without growth.
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Table A-97: Sensitivity: Costs and Benefits of Project Increments with Zero Growth
Costs, Benefits, Net Benefits, and Benefit/Cost Ratio for Alternative Plans

Alternative Plan

AAEQ Total
Costs

AAEQ Benefits

Net AAEQ
Benefits

Benefit/Cost

Ratio

Alternative Plan A: No Action

$0

$0

$0

n/a

Alternative Plan B: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel

$1,457,397

$2,848,000

$1,390,603

1.95

Alternative Plan C: 3B Extend Fisher Island
Turning Basin

$237,976

$1,292,000

$1,054,024

5.43

Alternative Plan D: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin

$1,695,372

$4,140,000

$2,444,628

2.44

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 43 Feet

$6,116,498

$4,769,994

-$1,346,504

0.78

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 44 Feet

$6,959,919

$5,278,047

-$1,681,873

0.76

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 45 Feet

$7,482,864

$5,748,211

-$1,734,653

0.77

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 46 Feet

$7,941,833

$6,079,440

-$1,862,393

0.77

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 47 Feet

$8,543,052

$6,328,980

-$2,214,072

0.74

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 48 Feet

Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 50 Feet

$9,247,506

$10,791,125

$6,568,110

$6,797,335

-$2,679.396]

-$3,993,790
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GROWTH CONSISTENT WITH RECENT HISTORICAL GROWTH

A more realistic test of growth assumptions is to assess the impact of modifying an
assumption that represents a deviation from the historical average annual rate of growth and
that could have a major impact on project benefits. Specifically, in the analysis, future
growth rates for European and Far East import cargo were assumed to be less than their
historical average annual rates from 1990 to 2000, 7.6 percent compared to 8.14 and 11.66
percent, respectively. The results of assuming the higher rates of growth at least for the
near-term, from 2003 to the base year, 2010, are shown in Table A-98. As shown in these
tables, the NED plan for Miami Harbor remains Alternative H to 49 feet.
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Table A-98: Sensitivity: Costs and Benefits of Project Increments with High Growth
Costs, Benefits, Net Benefits, and Benefit/Cost Ratio for Alternative Plans

AAEQ Total Net AAEQ Benefit/Cost
Alternative Plan Costs AAEQ Benefits Benefits Ratio

Alternative Plan A: No Action $0 $0 $0 1/a|
Alternative Plan B: 1C Widen Entrance

Channel, 2A Widener between Buoys 13 and

15, 5A Widen Fishermans Channel $1,457,397 $2,848,000 $1,390,603 1.95
Alternative Plan C: 3B Extend Fisher Island

Turning Basin $237,976 $1,292,000 $1,054,024 5.43

Alternative Plan D: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin $1,695,372 $4,140,000 $2,444,628 2.44
Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 43 Feet $6,116,498 $10,328,304 $4,211,805 1.69
Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 44 Feet $6,959,919 $15,919,288 $8,959,369 2.29
Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 45 Feet $7,482,864 $21,057,378 $13,574,513 2.81
Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, 5A Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 46 Feet $7,941,833 $25,102,884 $17,161,051 3.16
Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 47 Feet $8,543,052 $28,471,142 $19,928,090 3.33
Alternative Plan H: 1C Widen Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Dee pen Channel to 48 Feet $9,247,506

nati n H: 1C Widen Entrance
idener between Buoys 13 and
ishermans Channel and 3B
Extel gnd Tummg Bam, ami
Deepen Channel to 49 Feet . .
Alternative Plan H: 1C Wlden Entrance
Channel, 2A Widener between Buoys 13 and
15, SA Widen Fishermans Channel and 3B
Extend Fisher Island Turning Basin, and
Deepen Channel to 50 Feet

$22,402,001 3.42

$31,649,507

$10,791,125 $34,644,184 $23,853,058

128



February 2004

Volume Il of |l

FINAL
Engineering — Appendix B

For the
Miami Harbor Navigation Study
General Reevaluation Report

Miami-Dade County, Florida - 010140

US Army Corps
of Engineers®

Jacksonville District
South Atlantic Division



- MIAMI HARBOR, FLORIDA
GENERAL REEVALUATION REPORT

APPENDIX B
ENGINEERING



MIAMI HARBOR, FLORIDA
GENERAL REEVALUATION REPORT

APPENDIX B
ENGINEERING

Table of Contents

Subject Paragragh No. Page No.

A. INTRODUCTION

General. 1 B-1
Selected Plan 2 B-1

B. HYDROLOGY AND HYDRAULICS

General 3 B-2
Velocity and Salinity Assessment 4 B-2
Ship Simulator Modeling 5 B-2
Projected Impacts to Channel Shoaling 6 B-2
C. GEOTECHNICAL INVESTIGATIONS
Geologic History 7 B-3
Investigations 8 B-4
Previous Dredging 9 B-4
Materials Encountered 10 B-4
Laboratory Analyses 11 B-8
Blasting 12 B-9
D. DESIGN AND CONSTRUCTION
General 13 B-9
Channel Wideners 14 B-9
Turning Basins 16 B-9
Side Slopes 16 B-10
Environmental Considerations 17 B-10
Overdepths 18 B-10
Disposal Area 19 B-10

Construction Procedure 20 B-10



Table of Contents (continued)

Subject Paragragh No. Page No.

E. RELOCATIONS

General 21 B-11
Utilities 22 B-11
Berthing Areas 23 B-11

F. OPERATION AND MAINTENANCE

General 24 B-12
Maintenance Dredging 25 B-12
Dredged Material Management Plan (DMMP) 26 B-12
Navigation Aids 27 B-12

G. QUANTITIES AND COST ESTIMATE

Summary of Costs 28 B-13

H. SCHEDULE FOR DESIGN AND CONSTRUCTION

Schedule for Design and Construction 29 B-13
LIST OF TABLES
(tables foliow text)
Title Table No.
Project Cost Estimate — NED Plan and Selected Plan B-1
LIST OF PLATES
(plates follow tables)
Title Plate No.
Selected Project Plan B-1
Plan Plates Index B-2



Table of Contents (continued)

Plan — Cut 1 (Alt.#1C) Sta.0+00 Cut 1 to Sta.30+00 Cut 1
Plan — Cut 1 (Sta.30+00 Cut 1 to Sta.58+00 Cut 1)
Plan — Cut 1 (Sta.58+00 Cut 1 to Sta.82+00 Cut 1)
Plan — Cut s 1&2 (Sta.82+00 Cut 1 to Sta.18+00 Cut 2)
Plan — Cut 2 (Sta.18+00 Cut 2 to Sta.50+00 Cut 2)
Plan — Cuts 2&3 (Alt.#2A) Sta.50+00 Cut 2 to Sta.15+00 Cut 3
Plan — Cut 3 & Fishmn’s Ch. (Alt.#3B) Sta.15+00 Cut 3 to Sta.10+00 FC
Plan — FC (Alt.#5A) Sta.10+00 FC to Sta.35+00 FC
Plan — FC & Lummus Island Turning Basin
(Sta.30+00 FC to Sta.8+00 LITB)
Plan — Lummus Island TB (Sta.8+00 LITB to Sta.35+76.89 LITB)
Plan — Cut 4 (Alt#4) Sta.53+00 Cut 4 to Sta.82+00 Cut 4
Plan — Cut 4 (Sta.82+00 Cut 4 to Sta.110+00 Cut 4)
Plan — Cut 4 & Turning Basin
(Sta.110+00 Cut 4 to Sta.117+13 Cut 4 and TB)
Virginia Key Disposal Area
Biscayne Bay Mitigation Area
Utilities Present By Project Segment
Typical Sections — Fisherman’s Channel
Typical Partial Sections — Lummus Island Turning Basin
Typical Partial Sections — Fisher Island Turning Basin
Excavation and Disposal Plan

ATTACHMENTS
(attachments follow plates)

Attachment A — Velocity and Salinity Assessment
Attachment B — Ship Simulator Modeling Report
Attachment C — Geotechnical — Boring Logs and Laboratory Reports

B-iii



MIAMI HARBOR, FLORIDA
APPENDIX B

ENGINEERING

A. INTRODUCTION

1. General. This appendix presents the discussion of applicable design
considerations and construction methods utilized to adequately address the
project requirements and to establish a basis for the cost estimates. General
requirements for real estate and operation and maintenance are also presented.

2. Selected Plan. The selected plan would include construction of the
recommended NED plan with the addition of the locally preferred deepening
option. The plan would include several components as follows:

Component 1c. The entrance channel from Station 0+00,Cut-1 to Station
10+00,Cut-1 would be widened from 500 feet to 800 feet symmetrically about the
centerline. From Station 10+00,Cut-1 to Station 20+00,Cut-1 the channel width
would uniformly transition back to 500 feet. The project depth would be
increased from 44 feet to 52 feet.

Component 2a. A turn widener would be constructed from Station 10+00,Cut-3
(Range 400) to Station 19+00,Cut-3 (Range 505). The project depth would be
increased from 42 feet to 50 feet.

Component 3b. The Fisher Island Turning Basin in Cut-3 would be increased
from 1200 feet to 1500 feet , and the project depth would be increased from 42
feet to 50 feet. The northeast portion of the Turning Basin would be truncated to
avoid potential impacts to the existing sea grasses.

Component 4. The western end of the main channel would be realigned
approximately 200 feet to the south to provide for future construction of
additional cruise ship berths along the north side of the channel. The channel
would transition from Station 65+50 Cut-4 to Station 91+65 Cut-4. The project
depth would remain at 36 feet and no additional dredging is anticipated.

Component 5a. Fisherman’s Channel along the south side of Lummus Island
would be widened 100 feet to the south and the Lummus Island Turning Basin
would be reduced to a 1500 foot diameter from the currently authorized diameter
of 1600 feet. The project depth would be increased from 42 feet to 50 feet.

An overall view of the Miami Harbor Project with the proposed alternatives is
presented on Plate B-1. Detailed plan views of the project channel are provided
on Plates B-3 through B-15. An index of these plan views is shown on Plate B-2.



A discussion of the plan formulation involved in the selection of the selected plan
is presented in the main portion of this report. All soundings presented in this
report are at Mean Lower Low Water. The relationship between datums and
NGVD 1929 is provided on Plate B-2.

B. HYDROLOGY AND HYDRAULICS

3. General. A detailed discussion of the natural forces affecting the study area
was presented in the Miami Harbor Feasibility Report and Environmental Impact
Statement, dated June 1989. The areas of discussion include waves, winds,
tides, currents, tropical storms, and hurricanes.

In general, however, the currents and water surface elevations in Miami Harbor
are subject to the astronomical Atlantic Ocean and Gulf Stream eddies, the
effects of winds, upland drainage, and the variations in barometric pressure.

The tidal currents in Government Cut cause the greatest influence on navigation.
The highest currents are during flood tide, but currents during both ebb and
flood present a navigation problem.

4. Velocity and Salinity Assessment. The Coastal and Hydraulics Laboratory
(CHL) at the Engineering Research and Development Center (ERDC) in
Vicksburg, Mississippi prepared a report summarizing the findings from a depth-
averaged two-dimensional finite element hydrodynamic circulation modeling
study investigating velocities and salinity in the harbor and on velocities along the
coastal ocean shoreline in the vicinity of Government Cut. The report details the
boundary conditions used to drive the simulation, and the existing harbor
configuration, to those obtained for the proposed harbor configuration. The
report is included as Attachment A to this Appendix.

5. Ship Simulator Modeling. a. Previous. The Corps of Engineers Waterways
Experiment Station in Vicksburg, Mississippi conducted a ship simulator study in
support of preparation of the Miami Harbor Design Memorandum, dated October
1991. The final report was published in April 1991

b. Recent. During the Fall of 2000, a navigation study consisting of real-time
ship simulation modeling was conducted by the Simulation, Training,
Assessment and Research (STAR) Center in Dania, Florida. The results and
recommendations of this latest study are included in Attachment B to this
Appendix.

6. Projected Impacts to Channel Shoaling. Recent sediment budget studies’
have been performed along the length of the Dade County Beach Erosion
Control project, which extends along the length of the Dade County Atlantic
shoreline from northern Sunny Isles southward to Government Cut. These
sediment budget studies indicate that the net littoral transport in the vicinity of
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Government Cut is about 24,000 cy/yr to the south, which represents the
maximum potential sediment transport rate into the channel. The most recently
calculated sediment budgets conclude that an average of 15,000 cy/yr is
deposited in the interior channels, while 9,000 cy/yr is deposited in shoals along
the outer reaches of the channel. These values agree closely with observed
shoaling rates as determined from dredging records.

The proposed widening and deepening of the entrance channel would tend to
further decrease any sediment bypassing, but under the existing conditions the
Miami Harbor entrance channel already forms a complete littoral barrier.
Examination of the sediment budget for Government Cut shows that the entire
volume of southward-directed sediment transport is deposited into the interior
and exterior reaches of the channel, and the volume of sediment bypassed
across the entrance channel to downdrift beaches is essentially zero. The
proposed deepening and widening of the existing project cannot therefore further
increase the rate of channel shoaling or decrease the volume of sediment
bypassing.

Numerical modeling of the proposed channel improvements has been
performed, and the results of these simulations show that negligible changes to
current velocities and salinity levels will occur throughout the extent of the project
as a result of the proposed improvements.

Due to the lack of sediment bypassing under the existing conditions, and due to
the negligible changes in tidal current velocities as determined by numerical
modeling, no significant changes to the existing shoaling rates and patterns of
deposition are expected due to construction of the proposed channel
improvements at Miami Harbor.

! Dade County Regional Sediment Budget, Coastal Systems International, January 1997; Dade
County Evaluation Report, Jacksonville District, COE, October 2001

C. GEOTECHNICAL INVESTIGATIONS

7. Geologic History. Due to previous dredging projects of the harbor and
entrance channel, the majority of the project area is exposed rock. A few
localized areas are mantled by a few feet of sand due to shoaling. The sand is
usually tan or gray, contains some fines and also fills solution holes in the
underlying rock. A portion of Cut 1 in the Entrance Channel, between the reefs,
is sand with no rock. In areas not previously dredged, yellow to white massive
limestone and sandstone units of the Miami Oolite Formation are overlain by
sand and silts. The Miami Oolite Formation has many solution channels and is
very permeable. It has a maximum thickness of 30 feet in the project area and
has its base at an approximate elevation of —-35.0 ft. MLW. The presence of a
hard basal conglomerate at this elevation signifies the unconformable contact
with the older Fort Thompson Formation. The Fort Thompson consists of tan
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colored, sandy limestone, calcareous sandstone and seams of sand. With
deeper depths, the sand seams increase in size and are thicker than the rock
strata in some places. Many solution holes are present and are either open or
filled with sand or secondary limestone. In both the Miami Oolite and the Fort
Thompson Formations solution activity and re-crystallization have created zones
of differential rock strength that cause the rock to fragment into large pieces that
makes excavation difficult.

8. Investigations. Many of the borings taken in Miami Harbor are from previous
dredging projects and are of limited use as the material they represent has
already been removed. These core borings and locations can be found in the
Miami Harbor Channel, Florida, General Design Memorandum (GDM), Revised
May 1991. Additional borings have been drilled since the last dredging event.
Borings were taken in 1993 to investigate a rock claim in the entrance channel
from Station 8+00 to Station 40+00. To investigate the area around Dodge
Island, 11 additional core borings were drilled in 1995. The cores from the
borings that are useable from these sources were disposed of when the Port
Authority took control of the project and are no longer available for viewing.
Eighteen borings were drilled in January 2001 to further investigate the Lummus
Island Turning Basin and gather additional information for the General
Reevaluation Report (GRR). Prior to obtaining the additional borings that will be
required for Plans and Specifications, it is recommended that a Resistivity study
be conducted using the Aquares System. This will provide information on the
relative hardness (based on density) of the rock to be excavated and help
identify areas that are more likely to require blasting. It will also delineate sand
and rock interfaces, both vertically and horizontally. In addition, it will identify
rock slabs or boulders that may exist within the channel limits as a resuit of
previous construction. 2 The 2001 core borings encountered primarily rock but
recovered very little solid core due to the porous nature of the rock and breakage
during drilling operations.

9. Previous Dredging. The last deepening was excavated in two phases using
cutterhead and hydraulic excavator dredges. The entrance channel and half of
Fisherman’s Channel was Phase | and was dredged to —42.0 ft. using a
cutterhead dredge with great difficulty. The Lummus Island Turning Basin area
was Phase |l and with the exception of a few places, could not be dredged below
about — 35.0 ft. with a large hydraulic excavator. The excavator could not find
the fractures needed to wedge the bucket into the rock for removal. An
unconformity was identified in the GDM at about this depth where the rock gets
harder and is believed to be the contact with the Fort Thompson Formation. The
remainder of the rock is scheduled for removal to a depth of —42.0 ft.

10. Materials Encountered. A description of the materials encountered during
subsurface investigations is provided as follows:

2 6/03/04 - Added previous four sentences

B-4



COMPONENT 1

Widening seaward portion of Cut 1 from 500 to 800 ft.

Sta. 0+00 to Sta. 20+00. The material to be removed is hard to very hard,
fossiliferous limestone with coral from the surface down, with exception to the
western end of the transition zone, outside of the reef area, which is sand. The
limestone is porous and massive, containing many voids and vugs. The rock
was highly broken due to the nature of the rock and the drilling process resulting
in little or no recovery of solid core.

Channel Deepening from -44 feet to -52 ft. MLLW.

Sta. 0+00 to Sta. 14+00. This is a reef area where limestone and sandstone is
exposed at the channel surface. The seaward 500 feet of the channel is in
increasingly deep water that is below the depths considered for deepening. The
limestone is moderately hard to hard, very porous, massive and vuggy with
cavities throughout the rock due to the formation of the rock in a reef
environment and/or through solution activity and replacement. Divers reports
have confirmed rock fragments up to 20 inches covering the channel bottom.
These fragments are present due to rock breaking off of the reef and previous
dredging episodes where the larger fragments could not be picked by the hopper
dredge and were actually pushed up in rows along the channel. The bottom of
the channel was reported to undulate by over 3 feet due to furrows produced by
past dredging operations.

Sta. 14+00 to Sta. 34+00. Carbonate and quartz sand and shell is the dominant
material between the reefs with little or no rock being present except scattered
rock fragments throughout and in areas in close proximity to the reefs. Initial
core borings indicate that the sand is continuous to approximately —59.0 ft.

Sta. 34+00 to Sta. 55+00. This is an area that requires further delineation. The
divers report confirmed an area of continuous limestone with rock fragments
ranging in size from gravel to boulders up to 20 inches. This area was
characterized as having “wind rows” with a 1-foot height difference on the
surface of the channel due to cutterhead dredging activities. The report
indicated an adjacent sand area with rock fragments primarily 1-6 in. with no
continuous rock. The area had boulders 4-5 feet in diameter strewn about.
Recent core borings in the reef area shows sand to —52.0 ft. with a 1-foot layer of
limestone that was disturbed by dredging, as reported by the diver survey. Data
is very sparse in this area and older borings show that the material removed
previously was rock in most of this area. The borings did not go deep enough to
indicate what material was below that. Until further data is collected, based on
old borings and the diver survey, the majority of this area is considered rock. An
area of sand does occur to —-53.0 ft. in the southern end of the channel at Sta.
46+00 extending to the northern side of the channel at Sta. 52+00. The sand
then continues on the northern half of the channel to Sta. 67+00. The sand on
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the North side of the channel may go deeper than —54 ft. as that is where the
borings terminated.

Sta. 55+00 to Sta. 83+00. The reach primarily consists of hard sandstone from
the surface to at least —54.0 ft. with one area of sand in the area of boring CB-
MH89-12 on the North side of the channel from Sta. 55+00 to Sta. 67+00, as
described in the above paragraph. The sandstone is porous, fossiliferous, and
vuggy and contains many cavities. The rock also contains many small seams
(< 1 foot) of moderately hard sandstone and sand with shell within the unit.
Coral with calcite deposits were encountered from —51.2 to —53.2 ft. in boring
CB-MH89-121.

Sta. 83+00 to Cut 2 Sta. 13+00. The materials in the bend joining Cuts 1 and 2
and widener are represented by hard limestone and moderately hard to hard
sandstone from the surface down. All of the rock is porous, vuggy, and
fossiliferous and contains cavities. The rock units contain thin seams of
moderately hard and hard limestone and loose or poorly cemented sand.
Sections of solid core (4 foot) representing more competent rock were recovered
in core borings CB-MH89-21 and 128. This area may prove more resistant to
dredging.

Cut 2 Sta. 13+00 to Cut 3 Sta. 0+00. The materials in the channel are
represented by hard limestone, moderately hard and hard sandstone. A 1-2 foot
layer of sand at the surface is present throughout, on average to —48 ft.
Transitioning West from the dogleg to Cut 3, the rock becomes primarily
moderately hard sandstone with thin lenses of hard sandstone. Hard limestone
and sandstone units occur but in lesser amounts. Larger sand and shell layers
up to approximately 2 feet thick also become prevalent. The rock in this reach is
porous, vuggy, massive and fossiliferous containing cavities and sand seams.

COMPONENT 2

Add turn widener at Buoy #15, deepen to —-50.0 ft. MLLW.

Cut 3 Sta. 12+00 to Sta. 19+00. The widener is a triangular cut along Fisher
Island at the junction of the Cut 3 Entrance Channel and Fisherman’s Channel
alignments. The water depths vary from —46.0 ft., near the channel, to -9.0 ft.
near Fisher Island. Materials to be dredged from the surface to —24.0 feet
include moderately hard to hard limestone. The limestone is massive, very
fossiliferous and permeable with approximately 1.0 foot solid core pieces
occurring between -10.5 and -16.5 ft. (hard limestone area). From -24.0 to
-50.0 ft., a clean sand (SP) is the dominant lithology. The sand contains thin
seams of hard sandstone to -32.5 ft. From —32.5 to —-36.0 ft., a moderately hard
sandstone with seams of sand and hard limestone occurs. From —36.0 to —50.0
ft., the sand contains thin seams of hard sandstone and limestone with
occasional layers of hard limestone that are approximately one foot thick. Rock
is present below —50.0 ft.



COMPONENT 3

Deepen remainder of Cut 3 from —42.0 to -50.0 ft. MLLW.

Cut 3 Sta. 0+00 to Sta. 26+00. The materials to be removed are moderately hard
sandstone with seams of loose sand and clean sand with thin sandstone lenses.
A one-foot layer of hard limestone occurs between —47.0 and —48.0 ft. in the
southern part of the channel. Hard limestone exists at approximately —-50.0 ft..

Expand Fisher Island Turning Basin.

Cut 3 Sta. 26+00 to Sta. 42+00, North Expansion. Surface depths range from -
11.0to -47.0 ft. From the surface to depths of approximately -30.0 ft., the
materials are predominantly sand, both clean and silty, with areas of soft to
moderately hard limestone beginning at -15.0; Below 30.0 ft., are units of hard
to very hard, fossiliferous limestone and sandstone with seams of loose sand
and poorly cemented rock. Ranging between —45.0 ft. and —48.0 to —50.0 ft., the
lithology is clean sand with many thin lenses of sandstone with hard limestone
below —50.0 ft.

Fisher Island Turning Basin Deepening to —50.0 ft. MLLW.

Surface depths vary from —43.0 to —48.0 ft. with the extreme western end having
a high area of —31.0 ft. This area is characterized with an intermittent 0.5-1.0
foot layer of clean sand at the surface followed by moderately hard, porous
sandstone with thin seams of loose sand, poorly cemented rock and hard
sandstone to approximately —48.0 ft. Below —48.0 ft. is a hard to very hard
limestone. The limestone is massive and permeable containing many cavities
that have been filled and solidified. Secondary recrystallization of the limestone
is present in addition to hard coral. This area requires further investigation to
define the limits of the hard rock.

COMPONENT 5

Fisherman’s Channel extension 100 feet to the South.

Existing surface depths vary from —-3.0 to —46.0 ft. MLW. From Sta. 0+00 to
Sta. 20+00, the rock contact from the surface is at —41.0 ft. grading up to -12.0
ft. at Sta. 20+00. The rock contact in the shallow area from Sta. 20+00
westward continues at approximately —12.0 ft., fluctuating to —17.0 ft. where
Fisherman’s Channel opens into the Lumus Island turning widener. The
unconsolidated material above the rock is shelly, silty or clayey sand at the
surface underlain by clay, silt, shell and/or clean sand. The rock, in general, is a
moderately hard to hard limestone or sandstone, depending on the sand content.
The rock is massive, porous, sandy, fossiliferous and is riddled with partially
filled voids or cavities. Sand layers occur throughout the rock but is more
prevalent on the eastern end of Fisherman’s Channel between Sta. 3+00 and
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40+00. A 10-12 ft. layer of sand exists between the rock units dipping to the east
from Sta. 40+00 beginning at —23.5 ft. to Sta. 13+00 at —32.5 ft.

The rock is initially about 10 foot thick before a one to three foot sand layer and
or cavity separates it from a very hard and dense limestone layer that varies from
2-4 feet thick. This layer occurs at elevations varying between —27.0 to —32.0 ft.
from Sta. 30+00 to the western end of the extension. The limestone contains
hard coral and re-deposited crystalline limestone. Although solid cores were
taken from this layer during drilling operations, the layer does contain voids and
is permeable. This may represent the contact between the Miami Oolite and Fort
Thompson Formations. Below this rock is a hard, massive limestone that is very
porous and contains many cavities and solution holes that are partially filled with
secondary, soft to moderately hard limestone. At about —43.0 ft., the rock
becomes harder more solid and coralline with crystalline secondary deposits.

Fisherman’s Channel Deepening from —42.0 to —-50.0 ft. MLLW.

The materials underlying Fisherman’s Channel are hard to very hard, massive
sandy limestone and calcareous sandstone. The rock is fossiliferous, permeable
and porous containing many solution channels. Some areas have undergone
secondary recrystallization and are very hard and dense, while certain areas
have seams of sand intermixed throughout the rock. Sta. 15+00 — Sta. 21+00 is
predominantly sand to about —47.0 ft. where the borings end or rock is
encountered. The majority of the channel has been cut to approximately —46.0
ft. with exception to the extreme western section where removal of the rock to —
42.0 ft. is scheduled to occur.

Lumus Island Turning Basin Deepening from —42.0 to -50.0 ft. MLLW.

The turning basin is scheduled to be deepened to —42.0 ft. in 2002. The
materials below —42.0 are similar to that in Fisherman’s channel, consisting of
moderately hard to very hard limestone and sandstone. A 1-4 ft. sand layer is
continuous throughout most of the turning basin. The sand layer varies in depth
from approximately —45.0 to —53.0 ft.. The sand layer was exposed on the
eastern portion of the turning basin that had been dredged to —45.0 ft. The sand
layer is not found in the southwestern portion of the turning basin. It is difficult to
predict the amount of limestone overlying the sand layer until the deepening of
the basin to —42.0 ft. is complete as the depth of dredging in the past has been
well below the project depth.

11. Laboratory Analyses. Representative samples of unconsolidated
materials from selected core logs were sent to Law Engineering and
Environmental Services in Jacksonville, Florida for analysis. The applicable logs,
and laboratory reports of specific gravity, unconfined compression tests, grain
size distribution curves, and settling rates testing are included in Attachment C to
this Appendix.




12. Blasting and Excavation. The majority of the material to be removed is
rock and most of that rock is moderately hard to hard to very hard and may >
require blasting. Also, from previous dredging experience, gravel, cobbles and
boulders are expected to be present throughout the project. The following
requirements for blasting would be included in the construction contract plans
and specifications:

Blasting shall conform to the requirements specified within the Plans and
Specifications. The contractor is required to follow all requlations regarding the
transporting, handling and storage of explosives, safety, and any state, county,
municipal, Port Authority and Coast guard laws or codes. The contractor must
hold a public meeting to answer, by a blasting specialist, any questions
concemning blasting prior to blasting. The contractor is required to make the
necessary plans, examinations, pre-blast vibration surveys and test blasts.
Blasting shall only be performed in conjunction with an Endangered Species
Watch Plan as discussed in the EIS. Prior to the commencement of blasting
operations, the contractor is required to submit a detailed blasting plan including,
the location, size, spacing, type of explosives, sequence and pattern of delays,
anticipated peak particle velocity, maximum peak positive airblast overpressure
at the nearest structure to the blast and a description of and purpose for special
methods. The plan must be approved by the contracting officer. A specialist in
vibration control will monitor the seismograph readings to verify vibrations from
blasting. If underground utilities have not been removed at the time of blasting, a
50-foot no-blast radius around the utility should be observed. The Contractor
shall coordinate blasting operations with the Miami Harbor Port Authority and the
U.S. Coast Guard.

D. DESIGN AND CONSTRUCTION

13. General. A project plan and plan plate index with location map are shown
on Plate B-1 and Plate B-2, respectively. The proposed project plan with channel
wideners and turning basins is shown on Plates B-3 through B-15. The diked
upland disposal area on Virginia Key (Plate B-16) would be used for the
placement of the excavated sands. Some typical sections of the proposed
project excavation are provided on Plates B-19, B-20, and B-21.

14. Channel Wideners. The channel wideners in Cut-1 would be constructed
from Station 0+00 to Station 10+00 to a width of 150 feet each side of the
existing channel limits. A uniform transition would be constructed from Station
10+00 to Station 20+00. The wideners would be excavated to a project depth of
52 feet plus applicable overdepths.

15. Turning Basins. The proposed Fisher Island Turning Basin
( approximately 1500-foot diameter) would be located on the centerline of the

® 6/03/04 - Changed “will” to “may”
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channel at approximately Station 21+30. The turning basin would be excavated
to a project depth of 50 feet plus applicable overdepths.

16. Side Slopes. For estimating purposes, the average side slope for the
proposed excavation was determined to be 1 vertical on 3 horizontal (1V:3H) in
sand and approximately 1vertical on 0.5 horizontal (1V:0.5H) in rock.

During project construction, the contractor would be required to implement
adequate quality control measures to minimize excavation beyond the channel
limits. This will insure a more vertical side slope and thereby minimize sea grass
impacts.

17. Environmental Considerations. The environmental impacts of the project,
including the proposed mitigation plan, are discussed in detail in the main report
and in the Environmental Impact Statement (EIS). For information on side slope
determinations refer to Appendix G of the EIS.

The dredging in sand or unconfined material would be performed as a box cut.
Most of the cut in rock should remain vertical after dredging. However, it is
anticipated that the sediment above the rock will fall in at slopes as flat as
1V:0.5H to 1V:7H. It is anticipate that in time (1 to 5 years) the typical slope
along the subject channel will become 1V:7H due to wave action and ongoing
settlement of materials. The materials from this long-term sloughing will settle in
the bottom of the channel adjacent to the vertical rock cut making the rock cut
appear to be non-vertical in future surveys.

18. Overdepths. An additional 1-foot of overdepth is included in the excavation
quantities to allow for dredging inaccuracies.

19. Disposal Areas. The existing diked upland disposal area located on
Virginia Key would be used for placement of the sand material from construction
of the project. A minimal cost for preparation of the disposal area is included in
the project cost estimate. The rock would be placed in the mitigation areas
located offshore and in Biscayne Bay north of the Julia Tuttle Causeway. Refer
to Plates B-1, B-16, and B-17. An excavation and disposal plan is provided on
Plate B-22. This plate identifies the approximate quantities of sand and rock that
would be excavated from the various reaches of the project, and the anticipated
method of construction and subsequent disposal.

20. Construction Procedure. For cost estimating purposes, it is anticipated
that a rock cutterhead dredge would be used for excavation of both sand and
rock in Cuts 1 & 2. This material would be loaded into scows and hauled to the
ocean disposal area. The sand from the Fisher Island Turning Basin and
Fisherman’s Channel expansions would be excavated by hydraulic pipeline
dredge and placed into the diked-upland disposal area on Virginia Key. The rock
would be blasted and then removed by hydraulic excavator and loaded into
barges. A portion of the rock would be used to construct the offshore artificial
reefs and the seagrass mitigation area in Biscayne Bay, and the excess wouid
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be hauled to the ocean disposal area. A detailed discussion of the estimate
assumptions is included in the project cost estimate.

E. RELOCATIONS

21. General. The project sponsor will be required to assume the costs of all
relocations and alterations. Two utilities likely to be relocated prior to
construction of this project would be affected if they remain in their current
locations. The utilities are WASD 54-inch sewer line crossing Component 2 and
one 24-inch water main crossing Fisherman’s Channel in Component 5.

22. Utilities. The location of utilities within the project area is shown on Plate
B-18. The Miami-Dade Water and Sewer Department (WASD) owns a force
sewer main in a submarine crossing within Component 2 leading from Miami
Beach to its Fisher Island treatment plant. The crossing consists of a 54-inch
ductile iron pipe running under the riverbed with top of pipe elevation at elevation
—50 feet. If relocation were required, SAJ estimates that design and construction
would cost $5 million to $6 million and take two years to complete using the
directional drilling method. Installation and removal of the 54-inch sewer main
using the trenching method resulted in a lower cost and, therefore, is included as
the relocation cost in the project cost estimate in Table B-1.

Additionally, WASD owns a water main in a submarine crossing within
Component 5 leading from Fisher Island to Lummus Island. This crossing
consists of a 20-inch concrete pipe running under the riverbed with top of pipe
elevation at elevation —53.0 feet. If relocation were required, SAJ estimates that
design and construction would cost $2.5 million to $5 million and take two years
to complete using the directional drilling method. Installation and removal of the
20-inch water main using the trenching method resulted in a lower cost and,
therefore, is included as the relocation cost in the project cost estimate in Table
B-1.

The Florida Power and Light Company (FP&L) owns two transmission lines in a
submarine crossing within Component 5 leading from its Fisher Island plant to
Lummus Island. The crossing consists of one 69 kV circuit and one 138 kV
circuit each inside 24-inch pipe conduits with top of pipe elevation at elevation —
45.8 feet and 45.6 feet Local Mean Low Water (LMLW). These transmission
lines will be relocated as part of the continued construction of the currently
authorized project. Further discussion is presented in the main report.

23. Berthing Areas. As an item of local cooperation, the Port of Miami would
be responsible for the dredging of the project berthing areas to provide the
appropriate depths. It is proposed in this report to increase the width of the



berthing areas in Fisherman’s Channel to 160 feet. The current width is 100
feet. A discussion of this topic is presented in the main report.

F. OPERATION AND MAINTENANCE

24. General. The Federal Government would be responsible for operation and
maintenance of the navigation improvements proposed in this report upon
completion of the construction contract. The Federal Government currently
maintains the existing project. The contractor would be responsible for all
maintenance during the construction contract.

25. Maintenance Dredging. Miami Harbor experiences very little shoaling.
Since construction of the 36-foot project in 1973, the harbor has been
maintained only once to remove an estimated 250,000 cubic yards of shoal
material. This was in 1989, resulting in an average shoaling rate of about 15,000
cubic yards. Based on this shoaling history, it is anticipated that implementation
of the selected plan would have only minimal effect on the average annual
maintenance costs. A discussion of the sediment budget studies and numerical
modeling in Miami Harbor is presented in paragraphs 170 through 173 in the
main report.

26. Dredged Material Management Plan (DMMP). A preliminary dredged
material management plan assessment has been prepared and a discussion is
provided in the main report. See Appendix E to the main report.

27. Navigation Aids. The U.S. Coast Guard would be responsible for providing
and maintaining navigation aids. Additional aids to navigation would be required
for this project, and the estimated cost is included in the project cost estimate.
The U.S. Coast Guard anticipates that the following changes would be required.

Component 1¢c. No Change.

Component 2a. Relocate several buoys at no cost. Relocate Light 15 to the
center of the widener. The estimated cost would be $150,000.

Component 3b. Relocate one Light at an estimated cost of $7,500.

Component 4. No Change.

Component 5a. Relocate one Light at an estimated cost of $7,500, and
discontinue one Light at an estimated cost of $1,000.




G. QUANTITIES AND COST ESTIMATES

28. Summary of Costs. The estimates of first cost for construction of the both
the NED plan and the Selected Plan were prepared using M-CACES software
and are presented in Table B —1. The estimate includes a narrative, a summary
cost, and a detailed cost showing quantity, unit cost, and the amount for
contingencies for each cost item. The costs of the non-construction features of
the project are also included in the cost estimate.

The costs have been prepared for an effective date of October 2003.

H. SCHEDULE FOR DESIGN AND CONSTRUCTION

29. Schedule for Design and Construction: An estimated schedule for
completion of plans and specifications and other applicable construction
milestones is provided as below. The schedule is based on authorization of the
project in a Water Resources Development Act (WRDA) of 2004.
Preconstruction, Engineering, and Design (PED) would begin after receipt of the
Division Engineer’s Public Notice.

1st CONTRACT (Components 1¢c and 2a)

Complete Draft Plans and Specifications October 2005
BCO Review and Final Plans and Specifications * February 2006
Advertise / Award Contract May 2006
Start Construction (12 Months) August 2006
Complete Construction July 2007

2nd CONTRACT (Components 3b and 5a)

Complete Draft Plans and Specifications April 2006

BCO Review and Final Plans and Specifications August 2006
Advertise / Award Contract November 2006
Start Construction (29 Months) February 2007
Complete Construction Dredging June 2009
Complete Offshore Reefs (4 Months) October 2009
Complete Seagrass Mitigation (4 Months) February 2010

* BCO represents Bidability, Constructibility, and Operability
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Planning Estimate for General Reevaluation Report (GRR), including Profit and

Contingency (Final NED Recommended Plan and Locally Preferred Plan)

Miami Harbor, Florida

NED Recommended Plan - 49'(*) and 51'(**) Project Depths
Locally Preferred Plan - 50'(*) and 52'(**) Project depths

(*) - Inner Harbor Segments

(**) - Outer Harbor Segments

Reference Email of 12 December 2003 from CESAJ-PD-PN/R. Powell requesting
final MCACES be prepared for the Final Report. This included the NED

Recommended Plan and Locally Preferred Plan final cost requirements.

* - Final revisions made to the final plans MCACES following review by the
Study Manager, R. Powell on 17 December 2003.

Revised quantity computations covering each plan segment ere provided by
CESAJ-EN-DL/J. McRae on 12 September 2003. This included separation of the
dredge materials into rock not requiring drilling and blasting and non-rock
materials. It is assumed that the material in Segment 1C Cut-1/2 PI-Widener
will be rock requiring drilling and blasting according to the final

geotechnical analysis of the plans.

CESAJ-EN-DL/R. Henderson provided the final revised Seagrass mitigation site
design information and the offshore reef mitigation site design requirements

including quantities to be included in the final plans.

Final NED Plan as follows:

1C - Cuts 1 and 2 and PI-Widener: 51' Required Depth + 1' Allowable
Overdepth with disposal into the Miami Harbor ODMDS.

2A - Cut 3 New Widener: 49' Required Depth + 1' Allowable Overdepth
with disposal of the rock material into the offshore artifical reefs or
into the Miami Harbor ODMDS.

3B - Cut 3 (Fisher Island T. Basin): 49' Required Depth + 1' Allowable
Overdepth with disposal of rock into the offshore artificial reefs
or into the Miami Harbor ODMDS. Non-rock material will go into the

Virginia Key upland site.

5A - Fisherman's Channel and Lummus Island T. Basin: 49' Required
Depth + 1' Allowable Overdepth. Also, designated Port Berthing Areas
adjacent to Fisherman's Channel to 49' Required Depth + 1'
Allowable Overdepth with disposal of rock into the offshorxe artificial
reefs, Biscayne Bay seagrass mitigation hole, or into the Miami Harbor
ODMDS. Non-rock material will go into the Virginia Key upland
site with some of the material being used later to cap the Biscayne

Bay seagrass mitigation hole.

EQUIP ID: REGO3F Currency in DOLLARS CREW ID: NATO1A UPB ID: UPO1EA
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Final LPP Plan as follows:

1C - Cuts 1 and 2 and PI-Widener: 52' Required Depth + 1' Allowable
Overdepth with disposal into the Miami Harbor ODMDS.

2A - Cut 3 New Widener: 50' Required Depth + 1' Allowable Overdepth
with disposal of the rock material into the offshore artifical reefs
or into the Miami Harbor ODMDS.

3B - Cut 3 (Fisher Island T. Basin): 50' Required Depth + 1' Allowable
Overdepth with disposal of rock into the offshore artificial reefs
or into the Miami Harbor ODMDS. Non-rock material will go into the

Virginia Key upland site.

5A - Figherman's Channel and Lummus Island T. Basin: 50' Required
Depth + 1' Allowable Overdepth. Also, designated Port Berthing Areas
adjacent to Fisherman's Channel and Lummus Island T. Basin to 50'
Required Depth + 1' Allowable Overdepth with disposal of rock into the
offshore artificial reefs, Biscayne Bay seagrass mitigation hole, or
into the Miami Harbor ODMDS. Non-rock material will go into the
Virginia Key upland site with some of the material being used later

to cap the Biscayne Bay seagrass mitigation hole.

Future Project Maintenance Requirements.

There will be no additional maintenance dredging required resulting from the
construction of the final plans as indicated in the Main Report under "Future

Operations and Maintenance Section according to CESAJ-EN-HC/T. Martin.

Mitigation Requirements as follows:

Construct Offshore Reefs - One Low Relief Low Complexity (LRLC) south of
Cut-1 Entrance Channel and one High Relief High Complexity (HRHC) south of

Cut-1 Entrance Channel with dredged rock from the project.

* - Fill existing holes located in Northern Biscayne Bay with dredged rock and

sand from the project using the DERM recommended mitigation site location.

Preconstruction, Construction, and Post Construction Monitoring added to
the estimate based on the costs and requirements provided by Mr. Steve Dial

of Dial-Cordy Associates via CESAJ-PD-E/Terri Jordan.

Revised the Post Construction Monitoring from 3 to 5 years.

Seagrass Mitigation Oversite and Monitoring (5 years) cost added to

the estimate that were provided by the Port's consultant, Ms. Pat McNeese.

* - Beagrass planting added to the environmental mitigation based on estimate
of $576,000 that was provided in Email dated 17 November 2003 from the Port
of Miami, Ms. Amy Kimball-Murley.

EQUIP ID: REGO3F Currency in DOLLARS CREW ID: NATO1lA UPB ID: UPO 1EA
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Estimate Assumptions:

1. Dredging of rock material will be accomplished using a hydraulic excavator
dredge loading scow barges. Drilling and blasting will be required of all
rock prior to dredging except within Segment 1C, Cuts 1 and 2 (Outer

Government Cut) .

Dredging in Cuts 1/2 and PI-Widener based on using a Rock cutterhead dredge
loading scow barges vs. the hydraulic excavator with blasting. Blasting
will be required in the Cut 1/2 PI-Widener only according to the latest

geotechnical analysis.

2. Dredging of non-rock (unclassified) material will be accomplished using a

30-inch cuttersuction pipeline dredge with boosters.

3. The dredging costs were computed using the Cost Engineering Dredge
Estimating Program (CEDEP) in accordance with ER 1110-2-1302. Dredge
production used in CEDEP was derived from historic contract production for

similar work.

4. The construction of the offshore mitigation reefs will use rock
material dredged from the project utilizing the same dredge and scow barges.
An additional clamshell dredge or barge mounted crane capable of offshore
operations will be required for precise placement of the rock specified

for the construction the HRHC reef.

5. The cost estimate for the mitigation constructon is the ADDED cost only.
This is based on the assumption that all the material used to construct the
offshore reef and for filling the bay holes will come from the dredging. If
the dredge material is later found not to be satisfactory for mitigation
purposes, the cost estimate will have to be revised upward to account for
obtaining offsite material. This could result in a substantial cost

increase for the mitigation.

The filling of the holes in Northern Biscayne Bay will use rock material
dredged from the project utilizing the same dredge but requiring the use of
smaller scow barges due to the limited depths along the Waterway route
accessing the holes. The sand material for capping the holes following the
placement of the rock material will require the use of a smaller crane barge
to offload the material from the Virginia Key upland disposal site into the
same small scow barges. The loaded scow barges will then be hauled to the

holes and place the sand on top of the previously placed rock.

EQUIP ID: REGO3F Currency in DOLLARS CREW ID: NATO1A UPB ID: UPOJEA



Thu 18 Dec 2003
Eff. Date 10/01/03
PROJECT NOTES

LABOR ID: SARY2K

U.S. Army Corps of Engineers TIME 11:54:14
PROJECT MIH402: Miami Harbor GRR - FY2004 - NED Recommended Plan -
TITLE PAGE 5

The following guantities and design requirements for the seagrass and offshore

reef mitigation (increased) provided by CESAJ-EN-DL 8 Dec 03.

25 Acre Hole - 2,1251f x 5001f using 720,000 cyds rock and 80,000 cyds sand.
Low Relief LRLC - 35.1 acres using 100,000 cyds of rock from dredging.
High Relief HRHC - 20.0 acres using 150,000 cyds of rock from the dredging.

6. The removal of the existing utilities crossing the channel impacted by
the new project construction will follow the relocation (installation) of the
replacement utilities as part of the construction dredging for the new
project. The existing utilities are a 54" concrete force main crossing
Government Cut-2 and a 20" ductile iron water main crossing Fisherman Channel,

according to the WASD asbuilts.

The relocation will include cleaning and inspection of the abandoned lines
prior to removal. The excavated/removed pipeline and dredged material will be
disposed of in a specified offshore disposal location (either the Miami Harbor

ODMDS or for reef creation).

The relocation (installation) of the replacement pipelines (54" Concrete Sewer
Force Main and 20" Ductile Iron Water Main) will involve the excavation by
hydraulic excavator dredge and scow barges of a 100 foot wide open trench
following drilling and blasting for the cover area and a 20 foot wide trench
for the pipeline placement. New lines to be same type pipeline and

construction as the original lines for the estimate.

The new lines will then be placed within the trench and covered and compacted
with specified backfill material which will either consist of a portion of the
excavation material along with disposal material already located at Virginia
Key upland disposal site if needed. This will be accomplished using a small
clamshell crane barge with scow barges. The remaining excavation material

not used for backfilling the trenches will be disposed of in designated

offshore location (either the Miami Harbor ODMDS or for reef creation) .

The new lines with then be pressure tested and inspected by the WASD.

Most of the construction equipment required for the utility relocation work
will already be on site to be used for the dredging work. This will

significantly reduce the mobilization cost for the utility relocation work.

On 2 December 2003 CESAJ-EN-DM/G. Deloach provided final design requirements
including the construction of cofferdams at either end of the pipeline

relocations for disconnection/reconnections below Mean High Water elevation.

7. Turbidity Monitoring and Endangered Species Monitoring costs are included

in the dredging unit costs.

EQUIP ID: REGO3F Currency in DOLLARS CREW ID: NATO1A UPB ID: UPO1EA
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Estimate Parameters:

1. Contractor Field Overhead, Home Office G&A, Profit, and Bond indirect
costs are included in the estimate computed in MCACES based on historic

contractor rates for similar work.

2. Used 20 percent contigency on the estimated construction costs which is

appropriate for the level of project design.

3. PED and S&A non-construction costs ARE included in the estimate.

The percenatage of total construction cost as indicated by CESAJ-EN-DL/R.
Henderson is 3 percent for PED and by CESAJ-CO-CS/S. Anderson is 8.5
percent for S&A.

4. Real Estate/Lands and Damages costs ARE included in the estimate.

These costs were provided separately by Real Estate Division (CESAJ-RE).

5. Aids To Navigation costs ARE included in the estimate and were provided by
the U.S. Coast Guard, 7th District, Mr. Joe Embress via his letter dated 31
October 2001.

6. Utility Relocation costs for existing utility crossings impacted by the
new project ARE included in the estimate. The applicable depths of impact and
the diminsions for the new utility trenches were provided by CESAJ-EN-DM/G.
Deloach and CESAJ-PD-PN/R. Powell.

7. Port Bulkheads ARE included in the estimate and were provided by the Miami
Port Authority via their letter to CESAJ-DP-C/Mr. Bradd Schwichtenberg dated 8
March 2002. These costs are under the Associated General Items work category
in MCACES.

8. Preconstruction, Construction, and Post-Construction monitoring of the

mitigation areas is included in the estimate based on the cost and

requirements provided by Mr. Steve Dial, Dial-Cordy Associates.

LABOR ID: SARY2K EQUIP ID: REGO3F Currency in DOLLARS CREW ID: NATO1A UPB ID: UPOIEA
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Estimated Construction Times for Final Plans.

NED Recommended Plan - 49'/51' Project Depths:
Segment 1C = 1 month mob/demob + 6.25 months construction = 7.25 months
Segment 2A = 0 month mob/demob + 0.16 months construction = 0.16 months
Segment 3B = 0 month mob/demob + 5.78 months construction = 5.78 months
Segment 5A = 1 month mob/demob +17.90 months construction = 18.90 months
Offshore Reefs = 1 month mob/demob + 3.00 months construction = 4.00 months
Fill Bay Holes = 1 month mob/demob + 3.00 months construction = 4.00 months

Total Estimated Construction Time 49'/S51' Project Depths 40.09 months

Locally Prefered Plan - 50'/52' Project Depths:

Segment 1C = 1 month mob/demob + 6.49 months construction = 7.49 months
Segment 2A = 0 month mob/demob + 0.17 months construction = 0.17 months
Segment 3B = 0 month mob/demob + 6.48 months construction = 6.48 months
Segment 5A = 1 month mob/demob +19.67 months construction = 20.67 months
Offshore Reefs = 1 month mob/demob + 3.00 months construction = 4.00 months
Fill Bay Holes = 1 month mob/demob + 3.00 months construction = 4.00 months
Total Estimated Construction Time 50'/52' Project Depths = 42.81 months

NOTE: Other project construction such as the Port's Bulkheads, Mitigation
Areas, Utility Relocations and Aids to Navigation could be assumed to be done

concurrently with the above dredging work.

EQUIP ID: REGO3F

Currency in DOLLARS CREW ID: NATO1A

UPB ID: UPOI1EA
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SUMMARY PAGE 1
** PROJECT OWNER SUMMARY - Contract **

01 NED RECOMMENDED PLAN (49'&51') 126,318,728 22,517,686 148,836,414
02 LOCALLY PREFERRED PLAN (50'&52') 133,499,717 23,809,883 157,309,600

LABOR ID: SARY2K EQUIP ID: REGO3F Currency in DOLLARS CREW ID: NATO1lA UPB ID: UPO 1EA
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SUMMARY PAGE 2
** PROJECT OWNER SUMMARY - Category **

QUANTY UOM CONTRACT COST CONTINGN TOTAL COST UNIT

01 NED RECOMMENDED PLAN (49'&51')

01_ A Construction Cost 112,563,428 22,512,686 135,076,114
01_ B Non-Construction Cost 13,755,300 5,000 13,760,300
TOTAL NED RECOMMENDED PLAN (49'&51') 126,318,728 22,517,686 148,836,414

02 LOCALLY PREFERRED PLAN (50'&52')

02_ A Construction Cost 119,024,417 23,804,883 142,829,300
02_ B Non-Construction Cost 14,475,300 5,000 14,480,300
TOTAL LOCALLY PREFERRED PLAN (50'&52') 133,499,717 23,809,883 157,309,600

LABOR ID: SARY2K EQUIP ID: REGO3F Currency in DOLLARS CREW ID: NATO1lA UPB ID: UPO lEA
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SUMMARY PAGE

3

CONTINGN

TOTAL COST

NED RECOMMENDED PLAN (49'&51')

A Construction Cost

Relocations

03 Cemetery, Utilities, & Structure

Mob, Demob & Preparatory Work

0l
02
03
04

Drilling & Blasting Mob/Demob
Hydraulic Dredge Mob/Demob
Clamshell Crane Barge Mob/Demob

Pipeline Installation

TOTAL Mob, Demob & Preparatory Work

Utilities

01 Trench Excavation - 20" Water

02 Trench Excavation - 54" Sewer

03 Pipeline Installation 20" Line
04 Pipeline Installation 54" Line
05 Backfill Trench - 20" Water Line
06 Backfill Trench - 54" Sewer Line
07 Test - Inspect New 20" Pipeline
08 Test - Inspect New 54" Pipeline
09 Clean & Abandon 0ld 20" Pipeline
10 Clean & Abandon 0ld 54" Pipeline
11 Cofferdams old 20" Pipeline

12 Cofferdams old 54" Pipeline

13 Cofferdams new 20" Pipeline

14 Cofferdams new 54" Pipeline

TOTAL Utilities

Credits for Salvaged Material

TOTAL Cemetery, Utilities, & Structure

TOTAL Relocations

Navigation Ports and Harbors

01
01_

01_ A\O2

01_ A\o2.

01_ A\02.03.01

01_ A\02.03.01\
01_ A\02.03.01\
01_ A\02.03.01\
01_ A\02.03.01\
01_ A\02.03.18

01_ A\02.03.18\
01_ A\02.03.18\
01_ A\02.03.18\
01_ A\02.03.18\
01_ A\02.03.18\
01_ A\02.03.18\
01_ A\02.03.18\
01_ A\02.03.18\
01_ A\02.03.18\
01_ A\02.03.18\
01_ A\02.03.18\
01_ A\02.03.18\
01_ A\02.03.18\
01_ A\02.03.18\
01_ A\02.03.28

01_ A\12

01_ A\12.02

01 A\12.02. 1

LABOR ID: SARY2K

EQUIP ID: REGO3F

Harboxrs

Mobil, Demobil & Prep Work

26996
43403
1000.00
1500.00
22822
35500
1000.00
1500.00
1000.00
1500.00

Currency in DOLLARS

cy
cy
LF
LF

Qa

LF
LF
LF
LF

171,215

957,483
1,493,555
201,895
285,262
311,523
442,675
1,387
2,204
5,663
14,787
21,219
44,555
21,219
44,555

4,019,195

CREW ID: NATOlA

13,080
9,417
2,590
9,156

34,243

191,497
298,711
40,379
57,052
62,305
88,535
277

441
1,133
2,957
4,244
8,911
4,244
8,911

803,839

205,457

1,148,980
1,792,265
242,274
342,314
373,828
531,210
1,665
2,645
6,795
17,744
25,463
53,466
25,463
53,466

4,823,034

UPB ID: UPOIEA

42.
41.
242.
228.
16.
14.

= P

56
29
27
21
38
96

.66
.76
.80
.83
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01_

01

01_
01_

01_

01

01_
01_

01

01_

01 _

01_
01_
01_
01_

01_

01_
01_
01_
01_

01

01_
01_
01_
01_
01_
01_
01_
01_
01
01_

LABOR ID: SARY2K

a\12.
_ a\12.
a\12.
a\12.

a\12.

_ A\12.
A\i2.
a\12.
_ A\12.
a\12.

A\1l2.

A\12.
A\l12.
A\12.
a\12.

a\1l2.

A\1l2.
A\12.
a\12.
A\1l2.

A\12.

A\12.
a\12.
A\1l2.
A\l2.
a\12.
A\12.
A\l2.
A\12.
A\12.

A\12

02.
02.
02.
02.

02.

0z2.
02.
02.
02.
02.

02.

02.
0z2.
02.
02.

02.

0z2.
02.
02.
02.

02.

02.
02.
02.
02.
02.
02.
02.
02.
02.
.02.

AN
1\
1\
1\

oW N e

Mechanical Dredge Mob/Demob

Pipeline Dredge Mob/Demob

Drilling & Blasting Mob/Demob

Rock Cutterhead Dredge Mob/Demob

TOTAL Mobil, Demobil & Prep Work

2 Drilling and Blasting

2\
2\
2\
2\
2\

[ N

Alternative
Alternative
Alternative
Alternative

Alternative

1C
2A
3B
5A
5A

- Cut 1/2 PI.WID. 66204

TOTAL Drilling and Blasting

3

3\
3\
3\
3\

Mechanical Dredging

a1 o W

Alternative
Alternative
Alternative

Alternative

2A
3B
5A
SA

Cut 3 Widener 18660
Cut 3 489965
F.C. & L.I.T.B. 1627006
Port Berths 228617

2430452
Cut 3 Widener 18660
Cut 3 489965
Fisherman Chan. 1627006
Port Berths 228617

2364248

TOTAL Mechanical Dredging

4

4\
4\
4\
4\

TOTAL Pipeline Dredging

5

wu
~

5\
5\
5\
5\
5\
5\
5\
5\

ol
-~

Pipeline Dredging

[\ N6 N = |

O YW O N U W N e

Alternative
Alternative
Alternative

Alternative

ic
3B
S5A
SA

- Cut 1/2 & WID. 1764160

Cut 3

326643

F.C. & L.I.T.B. 406752

Port Berths

Disposal Areas (Virginia Key)

Replace Dike Material

Excavation for CMP

Wood Piles,

50 1f each

Driving Wood Piles

Metal Hardware

CMP Materials

Positioning Weirs

Attaching Weirs to Piles

Pipeline Placement

Transport material

EQUIP ID: REGO3F

Currency

47036

2544591

50000

18.00
18.00

w

.00
.00

w

in DOLLARS

Cy

?4a

cy
cYy

cY
CY

4

cY
cy
cY
CcY

BCY

EA
EA

EA
EA
EA

466,395
799,703
653,990
1,360,299

3,280,387

1,539,835
236,159
8,563,636
29,308,884
4,120,027

43,768,542

143,024
4,050,262
13,151,602
1,847,983

19,192,872

14,537,159
777,581
893,799
103,357

16,311,897

235,161
19,416
7,510
27,666
392
176,941
4,611
1,131
4,895
5,371

CREW ID: NATO1A

93,279
159,941
130,798
272,060

307,967
47,232
1,712,727
5,861,777
824,005

8,753,708

28,605
810,052
2,630,320
369,597

3,838,574

2,907,432
155,516
178,760

20,671

3,262,379

47,032
3,883
1,502
5,533

78
35,388
922
226
979
1,074

559,675
959,643
784,788
1,632,359

3,936,464

1,847,803
283,391
10,276,364
35,170,661
4,944,032

52,522,250

171,629
4,860,315
15,781,922
2,217,580

23,031,446

17,444,591
933,097
1,072,559
124,029

19,574,276

282,193
23,300
9,013
33,199
471
212,329
5,533
1,357
5,874
6,445

27.
15.
20.
21.
21.

21.

v v Vv v

NN N W

500.
1844.

1844.

452

UPB ID: UPO1EA

91
19
97
62
63

61

.20
.92
.70
.70

.74

.89
.86
.64
.64

.69

.64

69
38

38

.44
367.

15
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01_
01_
01_

01_
01_
01_
01_
01_

01_
01_

01_

01_

01_

01_

0L_

01_
01_

01_

01_
01_
01_

LABOR ID: SARY2K

a\12.
a\12.
A\12.

A\12.

A\l12.
A\12.
a\12.
A\12.
A\12.
a\12.

a\l2.

a\12.

02.
02.
02.

02.

02.
02.
02.
02.
02.
02.

02.

02.

5\ !1 Precise Material Placement 3000.00

5\ 12 Compaction around Pipeline

5\ !3 Other Compaction

TOTAL Disposal Areas (Virginia Key)

6 Environmental Mitigation

6\ 1 LRLC Reef Mitigation (35.1 AC.) 100000
6\ 2 HRHC Reef Mitigation (20.0 AC.) 150000
6\ 3 Fill North Biscayne Bay Holes 720000
6\ 4 Capping Material For Bay Holes 80000
6\ 5 Turbidity Control at Bay Holes

6\ 6 Seagrass Planting at Bay Holes 3.00

TOTAL Environmental Mitigation

7 Associated General Items

7\ 4 Port Bulkhead Construction

TOTAL Associated General Items

TOTAL Harbors

TOTAL Navigation Ports and Harbors

TOTAL Construction Cost

B Non-Construction Cost

B\O1

B\O1.

B\O1.
B\01.

B\20

B\20
B\20

B\20.

Lands and Damages

01

01.
0l1.

Acquisition/Administration Costs

1 Federal
2 Non-Federal

TOTAL Acquisition/Administration Costs

TOTAL Lands and Damages

Mitigation Monitoring

.01

Pre-Reef Deployment Site Surveys

.02 Baseline Biological Surveys

03

Construction Monitoring

EQUIP ID: REGO3F

10.00

Currency in DOLLARS

Ccy

cYy

cy
cy
cy

DY

3,975 795
7,121 1,424
3,713 743
497,905 99,581
125,566 25,113
3,169,719 633,944
1,584,110 316,822
881,840 176,368
155,395 31,079
576,000 115,200

6,492,630 1,298,526

19,000,000 3,800,000

112,563,428 22,512,686

10,000 2,500
10,000 2,500
20,000 5,000
20,000 5,000
25,000 0
25,000 s}
50,000 0

CREW ID: NATO1A

4,770 1.59
8,546
4,456
597,486
150,679 1.51
3,803,663 25.36
1,900,932 2.64
1,058,208 13.23
186,474

691,200 230400

7,791,156

22,800,000

135,076,114

25,000
25,000
50,000 5000.00

UPB ID: UPOIEA
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SUMMARY PAGE 6

01_
01_
01_

01_
01_

o1_

01_

01_
01_

01_

01_

01_

01_
01_

02

02_

02_

02_

02

02_

LABCR ID: SARY2K

B\20.04 Completion Report

B\20.05 Post-Construction Monitoring 5.00 YR

B\20.06 Seagrass Mitigation Oversite

B\30
B\31

B\99

B\99.

B\99.
B\99.

B\99.

B\99.

B\99.

B\99.
B\99.

TOTAL Mitigation Monitoring

Planning, Engineering & Design

Construction Management (S&I)

Aids to Navigation

1 Alternate 2A

1. 1 Relocated Light 15
1. 2 Light 15 Annual Maintenance

TOTAL Alternate 2A

2 Alternative 3B

2. 1 Relocate One Light

TOTAL Alternative 3B

3 Alternative S5A

3. 1 Relocate One Light

3. 2 Discontinue One Light

TOTAL Alternative 5A

TOTAL Aids to Navigation

TOTAL Non-Construction Cost

TOTAL NED RECOMMENDED PLAN (49'&51')

LOCALLY PREFERRED PLAN (50'&52')

A Construction Cost

A\02

Relocations

A\02.03 Cemetery, Utilities, & Structure

A\02.03.01 Mob, Demob & Preparatory Work

A\02.03.01\ 01 Drilling & Blasting Mob/Demob

EQUIP ID: REGO3F Currency in DOLLARS

20,000 0
250,000 0
235,000 0
605,000 0

3,380,000 0
9,570,000 0
150,000 0

15,000 0

165,000 0
7,100 0
7,100 0
7,100 0
1,100 0
8,200 0

180,300 0

13,755,300 5,000

126,318,728 22,517,686

65,399 13,080

CREW ID: NATO1A

20,000
250,000 50000
235,000

605,000

3,380,000
9,570,000

150,000
15,000

165,000

148,836,414

78,479

UPB ID: UPO 1EA
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1,148,980
1,792,265
242,274
342,314
373,828
531,210
1,665
2,645 1.
6,795 6

42.
41.
242.
228.
l6.
14.
1.66
76
.80

56
29
27
21
38
96

17,744
25,463
53,466
25,463
53,466

.83

4,823,034

559,675
959,643
784,788
1,632,359

3,936,464

1,972,388 26.3%

Eff. Date 10/01/03 PROJECT MIH402: Miami Harbor GRR - FY2004 - NED Recommended Plan -
*%* PROJECT OWNER SUMMARY - Task **
QUANTY UOM CONTRACT COST CONTINGN

02_ A\02.03.01\ 02 Hydraulic Dredge Mob/Demob 47,087 9,417
02_ A\02.03.01\ 03 Clamshell Crane Barge Mob/Demob 12,949 2,590
02_ A\02.03.01\ 04 Pipeline Installation 45,779 9,156

TOTAL Mob, Demob & Preparatory Work 171,215 34,243
02_ A\02.03.18 Utilities
02_ AN02.03.18\ 01 Trench Excavation - 20" Water 26996 CY 957,483 191,497
02_ A\02.03.18\ 02 Trench Excavation - 54" Sewer 43403 CY 1,493,555 298,711
02__ A\02.03.18\ 03 Pipeline Installation 20" Line 1000.00 LF 201,895 40,379
02_ A\02.03.18\ 04 Pipeline Installation 54" Line 1500.00 LF 285,262 57,052
02_ A\02.03.18\ 05 Backfill Trench - 20" Water Line 22822 CY 311,523 62,305
02_ A\02.03.18\ 06 Backfill Trench - 54" Sewer Line 35500 CY 442,675 88,535
02_ A\02.03.18\ 07 Test - Inspect New 20" Pipeline 1000.00 LF 1,387 277
02_ A\02.03.18\ 08 Test - Inspect New 54" Pipeline 1500.00 LF 2,204 441
02_ A\02.03.18\ 09 Clean & Abandon 0ld 20" Pipeline 1000.00 LF 5,663 1,133
02_ A\02.03.18\ 10 Clean & Abandon 0ld 54" Pipeline 1500.00 LF 14,787 2,957
02_ A\02.03.18\ 11 Cofferdams old 20" Pipeline © 21,219 4,244
02_ AN02.03.18\ 12 Cofferdams old 54" Pipeline 44,555 8,911
02_ A\02.03.18\ 13 Cofferdams new 20" Pipeline 21,219 4,244
02_ A\02.03.18\ 14 Cofferdams new 54" Pipeline 44,555 8,911

TOTAL Utilities 3,847,981 769,596
02_ A\02.03.28 Credits for Salvaged Material

TOTAL Cemetery, Utilities, & Structure 4,019,195 803,839

TOTAL Relocations 4,019,195 803,839
02_ A\12 Navigation Ports and Harbors
02_ A\12.02 Harbors
02_ A\12.02. 1 Mobil, Demobil & Prep Work
02_ A\12.02. 1\ 1 Mechanical Dredge Mob/Demob 466,395 93,279
02_ A\12.02. 1\ 2 Pipeline Dredge Mob/Democb 799,703 159,941
02_ A\12.02. 1\ 3 Drilling & Blasting Mob/Demob 653,990 130,798
02_ A\12.02. 1\ 4 Rock Cutterhead Dredge Mob/Demob 1,360,299 272,060

TOTAL Mobil, Demobil & Prep Work 3,280,387 656,077
02_ A\12.02. 2 Drilling and Blasting
02_ A\12.02. 2\ 1 Alternative 1C - Cut 1/2 PI.WID. 74737 CY 1,643,656 328,731
02_ A\12.02. 2\ 3 Alternative 2A - Cut 3 Widener 20002 CY 249,485 49,897

LABOR ID: SARY2K

EQUIP ID: REGO3F

Currency in DOLLARS

CREW ID: NATO1A

299,382 14.97

UPB ID: UPQI1EA
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U.S. Army Corps of Engineers

Miami Harbor GRR - FY2004

NED Recommended Plan -

TIME 11:54:14

SUMMARY PAGE

8

02_
02_
02_

02_

02_
02_
02_
02_

02_

02_
02_
02_
02_

02_

02_
02_
02_
02_
02_
02_
02_
02_
02_
02_
02_
02_
02_

02_

02_
02_
02_

LABOR ID: SARY2K

A\12.
a\12.
A\12.

A\12.

a\12.
A\12.
A\1l2.
A\12.

A\1l2.

A\12.
A\12.
A\l2.
A\12.

A\1l2.

A\1l2.
A\l2.
a\12.
A\1l2.
A\l2.
A\1l2.
A\l2.
A\12.
A\1l2.
A\1l2.
A\12.
A\l2.
A\l2.

A\12.

A\12.
A\12.
A\12.

02.
02.
02.

0z2.

02.
02.
02.
02.

02.

02.
02.
0z2.
02.

02.

02.
02.
02.
02.
02.
02.
02.
02.
02.
02.
02.
02.
02.

0z2.

02.
02.
02.

2\ 4 Alternative 3B - Cut 3 563829 CY
2\ 5 Alternative 5A - F.C. & L.I.T.B. 1831123 CY
2\ 6 Alternative 5A - Port Berths 254725 CY
TOTAL Drilling and Blasting 2744416 CY
3 Mechanical Dredging
3\ 3 Alternative 2A - Cut 3 Widener 20002 CY
3\ 4 Alternative 3B - Cut 3 563829 CY
3\ 5 Alternative 5A - F.C. & L.I.T.B. 1831123 CY
3\ 6 Alternative 5A - Port Berths 254725 CY
TOTAL Mechanical Dredging 2669679 CY
4 Pipeline Dredging
4\ 0 Alternative 1C - Cut 1/2 & WID. 2105972 CY
4\ 4 Alternative 3B - Cut 3 375886 CY
4\ 5 Alternative 5A - F.C. & L.I.T.B. 457781 CY
4\ 6 Alternative 5A - Port Berths 47036 CY
TOTAL Pipeline Dredging 2986675 CY
5 Disposal Areas (Virginia Key)
5\ 1 Replace Dike Material 50000 BCY
5\ 2 Excavation for CMP
5\ 3 Wood Piles, 50 1f each 18.00 EA
5\ 4 Driving Wood Piles 18.00 EA
S\ 5 Metal Hardware
5\ 6 CMP Materials
5\ 7 Positioning Weirs 3.00 EA
5\ 8 Attaching Weirs to Piles 3.00 EA
5\ 9 Pipeline Placement 16.00 EA
5\ !0 Transport material
5\ !1 Precise Material Placement 3000.00 CY
5\ !2 Compaction around Pipeline
5\ !3 Other Compaction
TOTAL Disposal Areas (Virginia Key)
6 Environmental Mitigation
6\ 1 LRLC Reef Mitigation (35.1 AC.) 100000 CY
6\ 2 HRHC Reef Mitigation (20.0 AC.) 150000 CY
6\ 3 Fill North Biscayne Bay Holes 720000 CY

EQUIP ID: REGO3F

Currency in DOLLARS

9,425,451
31,713,021
4,412,406

47,444,019

151,218
4,528,108
14,514,135
2,019,041

21,212,502

15,095,037
880,056
999,943
102,742

17,077,777

235,161
19,416
7,510
27,666
392
176,941
4,611
1,131
4,895
5,371
3,975
7,121
3,713

125,566
3,169,719
1,584,110

CREW ID: NATOlA

1,885,090
6,342,604
882,481

9,488,804

30,244
905, 622
2,902,827
403,808

4,242,500

3,019,007
176,011
199,989

20,548

3,415,555

25,113
633,944
316,822

11,310,541
38,055,625
5,294,887

56,932,823

181,461
5,433,730
17,416,962
2,422,850

25,455,003

18,114,044
1,056,067
1,199,932

123,290

20,493,333

282,193
23,300
9,013
33,199
471
212,329
5,533
1,357
5,874
6,445
4,770
8,546
4,456

597,486

150,679
3,803,663
1,900,932

20.
20.
20.

20.

N NN D

500.

1844

1844

452.
367.

1

25.

UPB ID: UPO 1EA

U W W W
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78
79

74

.07
.64

51

.51

.53

.60
.81
.62
.62

.86

.64

69
.38

.38
44
15

.59

.51
36
.64
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** PROJECT OWNER SUMMARY - Task **

TIME 11:54:14

SUMMARY PAGE 9

LABOR ID:

10/01/03
02_ A\12.
02_ A\12.
02_ a\l2.
02_ A\l2.
02_ A\12.
02_

02_

02_

02_
02_

02

02_
02_
02_
02_
02_
02_

02_
02_

02_

02

SARY2K

02.
02.
02.

02.

02.

6\ 4 Capping Material For Bay Holes 80000 CY
6\ 5 Turbidity Control at Bay Holes
6\ 6 Seagrass Planting at Bay Holes 3.00 AC

TOTAL Environmental Mitigation

7 Associated General Items

7\ 4 Port Bulkhead Construction

TOTAL Associated General Items

TOTAL Harbors

TOTAL Navigation Ports and Harbors

TOTAL Construction Cost

B Non-Construction Cost

B\0l Lands and Damages

B\O1.

B\01.01.
B\01.01.

B\20

B\20.
B\20.
B\20.
B\20.
B\20.
B\20.

B\30
B\31

B\99

B\99.

EQUIP ID: REGO3F

01

Acquisition/Administration Costs

1 Federal
2 Non-Federal

TOTAL Acquisition/Administration Costs

TOTAL Lands and Damages

Mitigation Monitoring

01
02
03
04
05
06

Pre-Reef Deployment Site Surveys

Baseline Biological Surveys

Construction Monitoring 10.00 DY
Completion Report

Post-Construction Monitoring 5.00 YR

Seagrass Mitigation Oversite

TOTAL Mitigation Monitoring

Planning, Engineering & Design

Construction Management (S&I)

Aids to Navigation

1

Alternate 2A

Currency in DOLLARS

881,840
155,395
576,000

6,492,630

15,000,000

119,024,417

25,000
25,000
50,000
20,000
250,000
235,000

605,000

3,570,000
10,100,000

CREW ID: NATOQO1A

176,368
31,079
115,200

1,298,526

3,800,000

23,804,883

1,058,208  13.23
186,474
691,200 230400

7,791,156

22,800,000

142,825,300

25,000
25,000
50,000 5000.00
20,000
250,000 50000
235,000

3,570,000
10,100,000

UPB ID: UPQIEA



Thu 18 Dec 2003

Eff. Date

10/01/03

U.S. Army Corps of Engineers
PROJECT MIH402: Miami Harbor GRR - FY2004 - NED Recommended Plan -

** PROJECT OWNER SUMMARY - Task **

TIME 11:54:14

SUMMARY PAGE 10

LABOR ID:

02_
02_

02_

02_

02_

02_
02_

SARY2K

B\99.
B\99.

B\99.

B\99.

B\99.

B\99.
B\99.

Relocated Light 15 150,000 0
Light 15 Annual Maintenance 15,000 0
TOTAL Alternate 2A 165,000 0

Alternative 3B

1

Relocate One Light 7,100 0

TOTAL Alternative 3B 7,100 0

Alternative 5A

1
2

Relocate One Light 7,100 0
Discontinue One Light 1,100 0
ToTAL Altermative sa ;j;ég __________ ;
TOTAL Aids to Navigation _—-—;;gj;;; __________ g
TOTAL Non-Construction Cost —;;:;;;:;ég ______ ;:;;g
TOTAL LOCALLY PREFERRED PLAN (50'&52') ;;;:;;;:;;; _;;:;;;:;;;

EQUIP ID: REGO3F Currency in DOLLARS CREW ID: NATOlA

150,000
15,000

165,000

157,309,600

UPB ID: UPO1EA
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PROPOSED MODIFICATION ALTERNATIVES

ALTERNATIVE #1 - WIDEN SEAWARD PORTION OF CUT-1 FROM 500 FEET TO 800 FEET
AND DEEPEN CUT-1 AND CUT-2. (EXISTING DEPTH = 44 FEET, DEEPEN TQ 52 FEET)

ALTERNATIVE #2 - ADD TURN WIDENER BETWEEN BUOY #13 AND BUOY #15.
(EXISTING DEPTH = 42 FEET, DEEPEN TO 50 FEET)

ALTERNATIVE #3 - EXPAND FISHER ISLAND TURNING BASIN FROM 1200 FEET TO
1500 FEET. (EXISTING DEPTH = 42 FEET, DEEPEN TO 50 FEET)

ALTERNATIVE #4 - RELOCATE THE WESTERN END OF THE MAIN CHANNEL TO ALLOW FOR
ADDITIONAL CRUISE SHIP BERTHS.

ALTERNATIVE #5 - WIDEN FISHERMAN'S CHANNEL APPROXIMATELY 100 FEET TO THE
SOUTH. (EXISTING DEPTH = 42 FEET, DEEPEN TO 50 FEET) DEEPENING WOULD
INCLUDE CUT-3, STA. 0+00 TO CUT-3, STA. 42+00.

ALTERNATIVE #6 - DEEPEN DODGE ISLAND CUT AND THE PROPOSED 1200 FOOT
DIAMETER TURNING BASIN FROM 32 & 34 FEET TO 36 FEET AND RELOCATE WESTERN
END OF DODGE ISLAND CUT TO ACCOMODATE PROPOSED PORT EXPANSION.

KEYED NOTES:

NO UTILITY CONFLICT

FP&L 15 KV FEEDER CABLES ALONG MACARTHUR
CAUSEWAY. RELOCATING WESTERN END

OF CHANNEL WOULD NOT CAUSE CONFLICT.
CABLE WOULD NOT HAVE TO BE RELOCATED

NO WORK PROPOSED.
FP&L 69 KV AND 138 KV TRANSMISSION CABLES
IN CUT 4. CABLES WiILL NOT HAVE TO BE RELOCATED.

NO WORK PROPOSED

MIAMI-DADE WASD WATER MAIN IN CUT 3.

TOP OF PIPE ELEVATION AT MINUS 48-FT,
PROPOSED CHANNEL DEPTH MINUS 40-FT

UTILITY CONFLICT - RELOCATION REQUIRED

WASD 54-IN SEWER FORCE MAIN IN ALT *2A AND
ALT 3B TOP OF PIPE ELEVATION AT MINUS 50-FT.
WIDENING THE CHANNEL WOULD CAUSE CONFLICT.
PIPE WILL REQUIRE RELOCATING TO 6-FT BELOW
PROJECT DEPTH PLUS ALLOWED OVERDEPTH.

UTILITY CONFLICT - RELOCATION REQUIRED.
WASD WATER MAIN IN ALT *5. TOP OF PIPE
ELEVATION AT MINUS 52.8-FT. WIDENING THE
CHANNEL WOULD CAUSE CONFLICT. PIPE WOULD
REQUIRE RELOCATING TO 6-FT BELOW PROJECT
DEPTH PLUS ALLOWED OVERDEPTH.

UTILITY CONFLICT - PREVIOUS PROJECT TO RELOCATE
FP&L 138 KV FEEDER CABLES IN ALT *5. CHANNEL
DEEPENING WOULD CAUSE CONFLICT. TOP OF

CABLE ELEVATION AT MINUS 45.8-FT. PROPOSED
CHANNEL DEPTH MINUS 50-FT. CABLE WOULD

REQUIRE RELOCATING TO 6-FT BELOW PROUJECT
DEPTH PLUS ALLOWED OVERDEPTH.

@ © 6 O o O

AC -
- -~
~
g
////
/ -~
/// - BUOY #1
-7 BUOY #3
e

FP&L 69 KV FEEDER CABLES IN ALT *5. CHANNEL
DEEPENING WOULD CAUSE CONFLICT. TOP OF
CABLE ELEVATION AT MINUS 45.5-FT. PROPOSED
CHANNEL DEPTH MINUS S0-FT. CABLE WOULD
REQUIRE RELOCATING TO 6-FT BELOW PROJECT
DEPTH PLUS ALLOWED OVERDEPTH.

@ UTILITY CONFLICT - PREVIOUS PROJECT TO RELOCATE

NO UTILITY CONFLICT
BELLSOUTH TELEPHONE CABLES IN ALT *5 AND ALT =38
APPROXIMATELY 30-FT BELOW BAY FLOOR. DEEPENING

WOULD NOT CAUSE CONFLICT. CABLE WOULD NOT HAVE
TO BE RELOCATED.

US Army Corps
of Engineers
Jacksonville District

DEPARTMENT OF THE ARMY
JACKSONVILLE DISTRICT, CORPS OF ENGINEERS
JACKSONVILLE, FLORIDA

Plot dote:
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NOTE: 55
1. Deepening would be in rock, side slope would be generally vertical. -
2. Alldepths refer to Mean Lower Low Water (MLLW) which is 0 25 50
. |
approximately 0.74 feet below Mean Sea Level (MSL) NGVD 29. — |
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ATTACHMENT A

Velocity and Salinity Assessment



Miami Harbor Channel Deepening Velocity and Salinity Assessment
Phase 1: 2D Assessment

Investigators: Gary L. Brown (ERDC-CHL-MS)
William L. Boyt (ERDC-CHL-MS)
Mitch A. Granat (CESAJ-EN-HI)

Introduction

The Coastal and Hydraulics Laboratory (CHL) at ERDC has been tasked by the Army
Corps of Engineers, Jacksonville District (CESAJ-EN-H) to perform a 2D numerical
model study of the impacts of the proposed Miami Harbor deepening on velocities and
salinity in Miami Harbor, and on velocities along the coastal ocean shoreline in the
vicinity of Government Cut. The study had been conducted using a previously verified
2-dimensional TABS-MDS numerical model of Biscayne Bay and Miami Harbor. The
computational mesh used for the Biscayne Bay study was refined in the vicinity of Miami
Harbor, in order to more effectively capture the local bathymetry and currents.

This report details the boundary conditions used to drive the simulation, and the results of
comparing the velocity and salinity fields obtained for the existing harbor configuration,

to those obtained for the planned harbor configuration.

Model Mesh and Boundary Conditions

The model mesh for the entire model domain is given in Figure 1. The refined model
mesh in the vicinity of Miami Harbor is given in Figure 2. The existing bathymetry in
the harbor was updated to reflect the most recent survey data, given in Survey No. 01-097
(February-March 2001). Figure 3 shows the locations of the various harbor
improvements. All 6 alternatives were implemented in the plan condition for this study.
The specific changes associated with each alternative are given as follows:

o Alternative 1: widen seaward portion of Cut-1 from 500 feet to 800 feet and
deepen Cut-1 and Cut-2 (existing depth = 44 feet, deepen to 52 feet)

o Alternative 2: Add turn widener between Buoy #13 and Buoy #15 (existing depth
= 42 feet, deepen to 50 feet)

o Alternative 3: expand Fisher Island Turning Basin from 1200 feet to 1500 feet
(existing depth = 42 feet, deepen to 50 feet)

o Alternative 4: relocate western end of the main channel to allow for additional

. cruise ship berths

o Alternative 5: widen Fisherman’s Channel approximately 100 feet to the south
(existing depth = 42 feet, deepen to 50 feet, deepening would include Cut-3 sta.
0-+00 to cut-3 sta. 42+00)

e Alternative 6: deepen Dodge Island Cut and the proposed 1200 foot diameter
turning basin from 32 and 34 feet to 36 feet and relocate western end of Dodge
Island Cut to accommodate proposed port expansion.
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data related to the last 14 days of the simulation (the investigation period) are illustrated
and analyzed in this report.

Results

The model was run for all 5 simulations. Data were extracted for the following
quantities, and used to generate vector and contour plots:

A representative maximum ebb condition (chosen at hour 65)
A representative maximum flood condition (chosen at hour 71)
The velocity residuals, or the time-averaged velocities, averaged over the 14 day
simulation A

e The salinity residuals, or the time-averaged salinities, averaged over the 14 day
simulation :

The representative maximum ebb and flood conditions were chosen at a period mid-way
between the neap and spring tides. Hence they represent an average tidal condition.

Additional data were extracted at selected locations in the vicinity of Miami Harbor, and
used to generate time-history plots of velocity, water volumetric flux, and salinity. These
locations were chosen as follows: the vector and contour plots were inspected to
determine locations where maximum change is observed between the existing and plan
conditions, and locations where volumetric flux measurements can be accurately
calculated. This inspection yielded the following locations of interest:

e Point 1 and Range 1: These are located inside Government Cut. Velocity and
salinity data were extracted at Point 1 (located at the channel centerline, with
existing and plan condition depths of 44 and 52 feet MLLW, respectively), and
volumetric flux data were extracted across Range 1.

e Point 2 and Range 2: These are located inside Fisherman’s Channel. Velocity
and salinity data were extracted at Point 2 (located at the channel centerline, with
existing and plan condition depths of 42 and 50 feet MLLW, respectively), and
volumetric flux data were extracted across Range 2.

e Point 3 and Range 3: These are located inside the western end of the Main
Channel, north of Dodge Island. Velocity and salinity data were extracted at
Point 3 (located at the channel centerline, with identical existing and plan
condition depths of 40 feet MLLW), and volumetric flux data were extracted
across Range 3.

e Point 4 and Range 4: These are located at the western end of Dodge Island
northwest of the Dodge Island turning basin. Velocity and salinity data were
extracted at Point 4 (located at the Intracoastal Waterway channel centerline, with
identical existing and plan condition depths of approximately 10 feet MLLW),
and volumetric flux data were extracted across Range 4.

e Point 5: This is located south of Dodge Island, near the proposed Dodge Island
Cut Turning Basin. Salinity data were extracted at Point 5 (with existing and plan
condition depths of 34 and 36 feet MLL W, respectively).

o
J
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Two points of interest regarding maximum ebb velocity vector results include the
noticeable change in ebb velocities west of Dodge Island (no deepening in this
location) illustrated between Figures 7 (existing condition) and 8 (plan condition)
and the resulting direction of ebb velocity differences in Figure 9. The existing
and plan ebb conditions each indicate flows to the north at this location towards
the north side of Dodge Island. Maximum ebb velocity magnitudes for the plan
condition are reduced relative to the existing condition, possibly as a result of
deeper depths and related higher transport along Fisherman Channel (south side
of Dodge Island).

As illustrated in Figure 9, plan minus existing condition ebb velocity magnitude
differences results in the direction of the difference vectors seeming to be in the
opposite flow direction, i.e., in this case, towards the south. This is a result of the
“plan minus existing condition” calculation convention, i.e., when the plan
condition velocity is reduced relative to the existing condition velocity, the
difference vector results in an apparent negative result, or in this case, with flow
to the south. '

This calculation convention artifact similarly explains the apparent direction
contradiction illustrated at most of the remaining ebb vector differences illustrated
in Figure 9, i.e., plan condition velocity is reduced relative to existing condition
velocity. The fact that velocity did not change in the main harbor channel along
the north side of Dodge and Lummus Islands (this portion of channel was not
deepened for the plan condition) supports the assumption that additional transport
occurs along the deepened plan channel to the south along Fisherman Channel.

Maximum Flood: The maximum flood velocities for the existing and plan
conditions are given in Figures 10 and 11, and the flood velocity differences are
given in Figure 12. There are differences observable in Government Cut,
Fisherman’s Channel and Dodge Island Cut. The differences are generally
smaller than the maximum ebb differences (Figure 9). All flood differences are
on the order of 1 ft/sec or less. Similar findings of interest as described above
(with respect to ebb flow) are also evident in the flood flow analysis. Also, there
are no observable flood flow differences along the coastline.”

Residual Velocities (Average Flow Hydrograph): The residual velocities for the
existing and plan conditions are given in Figures 13 and 14, and the residual
velocity differences are given in Figure 15. The residual velocity vectors illustrate
the 14-day tidal cycle average, or net non-tidal circulation characteristics.
Generally similar flow patterns are illustrated for the existing (Figure 13) and plan
(Figure 14) conditions, i.e., Government Cut has a net outflow while Norris Cut
has a net inflow and the locations of vortices (ocean north of Government Cut and
west of Dodge Island) are similarly located. The vortices on the south side of

* These simulations were not designed to include coastal processes such as littoral currents, and hence any
assessment of the impact of harbor deepening on coastal currents should be made with an understanding of
this limitation.
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Salinity Plot Comparisons

Figures 23 —28 are plots of residual (average) salinity and residual salinity differences.
Note that the salinity scale for Figures 23, 24, 26, and 27 ranges from 0 to 36 ppt,
whereas the scale for Figures 25 and 28 (the difference plots) range from —0.5 to 0.5 ppt.

Average Flow Condition: The residual salinities (i.e. 14-day average salinities) for
the existing and plan conditions are given in Figures 23 and 24, and the salinity
differences are given in Figure 25. The maximum differences are observed just
west of Dodge Island Cut, with differences observable in Fisherman’s Channel,
the western end.of the main channel, and to the northwest of the main channel.
The maximum and minimum salinity differences for the average flow condition
are 0.97 ppt and -0.90 ppt, respectively.

Based on Figures 23 and 24, residual salinity conditions indicate that for the plan
condition residual salinity appears to intrude further west along the main
navigation channel on the north side of Lummus and Dodge Island and north of
Watson Island into Northern Biscayne Bay. Residual salinity intrusion on the
south side of Lummus/Dodge Island appears to be somewhat reduced for the plan
condition. This affect is better illustrated in Figure 25 (residual salinity
differences) where residual salinity difference increases up to +0.3 to +0.4 ppt are-
indicated north of Lummus/Dodge and Watson Islands and +0.2 to +0.3 ppt north
of Biscayne Island. The largest reduced residual salinity difference, -0.4 to 0.5
ppt, is indicated along the south and west side of Dodge/Lummus Island. The
largest increased salinity differences are located Just north of Miami River further
to the west of Dodge Island.

High Flow Condition: The residual salinities for the existing and plan conditions
are given in Figures 26 and 27, and the salinity differences are given in Figure 28.
The salinity differences exhibit a similar pattern to that observed for the average
flow condition, but the impacts are more pronounced. The maximum and
minimum residual salinity differences for the high flow condition are 0.97 ppt and
—1.04 ppt, respectively.

Salinity Time-History Comparisons:

Figures 29 — 34 give salinity time-history comparisons between the existing and plan
conditions for Points 1 — 6 (as depicted in Figure 6). The plots contain time-history
comparisons for both the average flow condition and the high flow condition. A
summary of some of the observed differences between the time-histories for the existing
and plan conditions in Figures 29 — 34 are given in Table 2. These are given together
with residual difference values taken from Figures 25 and 28:
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for the plan condition west of Dodge Island. There is no observab}e impact on the
Atlantic Ocean shoreline tidal velocities in any of the simulations.

Subtle differences in salinity were identified between existing and plan channel
conditions. These changes are close to detection limits and confidence levels of present
field data collection capability and associated model assessments. The salinity
comparisons yielded maximum salinity differences on the order of 1.0 ppt. The
maximum differences occur just west of Dodge Island Cut, with differences observable in
Fisherman’s Channel, the western end of the main channel, and to the northwest of
Miami Harbor. The differences observed west of Dodge Island may be influenced by the
attenuated tidal amplitude and tidal phase lag induced by the channel deepening. The
influence of channel deepening on the salinity north of Miami Harbor appears to be most
pronounced during neap tides. -

* These simulations were not designed to include coastal processes such as littoral currents, and hence any
assessment of the impact of harbor deepening on coastal currents should be made with an understanding of
this limitation.
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Figure 2: Finite Element Grid in the Vicinity of Miami Harbor

Figure 3: Deepening Plan for Miami Harbor
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Figure 6: Locations of Observation Points and Ranges
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Figure 18: Residual Velocity Difference, High Flow Hydrograph



Velocity Time Series at Point 1 and Volumetric Flux at Range 1
Note: ebb velocity and flux are designated as positive

4 R 200000

3 150000

2 .,\,‘ Y _;\ ;;‘\ -’v‘<\ '.,’-.\l . -
7Y b o i al ”

2 5 : \ i - R 3 Y ) 'h%, -+ 100000
. 50000
Q
]

g
z 0 v v v 0
[
o
[
> a -50000
2 % s i 1 13 ] 3 ) b '\ ~100000
A hy) 4 B o k% \_\‘f e :' w \u \_.
\:, L .“:. v -_:-'.. Y B “
-3 -150000
4 -200000
4 5 6 7 8 9 10
time (days)
|——Exisﬁng Velocity Plan Velocity ----- Existing Flux - ---- Plan Flux ]
Figure 19: Velocity and Volumetric Flux Time History for Point/Range 1
Velocity Time Series at Point 2 and Volumetric Flux at Range 2
Note: ebb velocity and flux are designated as positive

4 200000

3 150000

2 {\ f‘\ \ £\ r 1\ P 100000

AWANAWARAWANA AN,

1 0 > RS : n . i = = L~ ™~ = 50000
§ A‘:% ™ 3 N i d ) - 4 A 7 an N 2
g
20 v v v 0
S ;

[<] 4 h ! . - - . A , A I ks,
J ¥ Y j YHYRYE Y \-‘*’J H \
-1 y = < " g g o o g v y \7 -50000
2 -100000
g - - -150000
4 -200000
4 5 6 7 8 9 10
time (days)
‘-——Exisﬁng Velocity Plan Velocity ------ Existing Flux - - - - - Plan Flux ‘

Figure 20: Velocity and Volumetric Flux Time History for Point/Range 2
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Velocity Time Series at Point 3 and Volumetric Flux at Range 3
Note: ebb velocity and flux are designated as positive
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Figure 21: Velocity and Volumetric Flux Time History for Point/Range 3
Velocity Time Series at Point 4 and Volumetric Flux at Range 4
Note: ebb velocity and flux are designated as positive
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Figure 22: Velocity and Volumetric Flux Time History for Point/Range 4
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Figure 24: Residual Salinity, Plan Condition, Average Flow Hydrograph



Figure 25: Residual Salinity Difference, Average Flow Hydrograph



Figure 27: Residual Salinity, Plan Condition, High Flow Hydrograph
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Figure 28: Salinity Difference, High Flow Hydrograph
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Figure 29: Salinity Time-History at Point 1
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Figure 30: Salinity Time-History at Point 2
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Salinity Time-History at Point 3
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Figure 31: Salinity Time-History at Point 3
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Figure 32: Salinity Time-History at Point 4
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Figure 33: Salinity Time-History at Point 5
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Figure 34: Salinity Time-History at Point 6
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Ship Simulation Modeling Report



MEMORANDUM FOR THE RECORD

SUBJECT: Miami, Florida Navigation Study, Results and Recommendations
From: CEERDC-HN-N Webb

To: CESAIJ Sylvester

1. Introduction. The Port of Miami is located on the eastern side of the southern tip
of the Florida peninsula, Figure 1. Port traffic is primarily cruise ship or
containerships.

2. To allow larger cruise and container ships to call the Port of Miami, the U.S.
Army Engineer District, Jacksonville (CESAIJ) has proposed a series of
improvements to the navigation channels. These improvements, or alternatives,
are shown in Figure 2 and are described as follows:

Alternative 1. Government Cut serves as the entrance channel for the port. It
consists of a series of channel segments. It is proposed to deepen Government
Cut from 44 to 52 ft. The deepest any of the inner harbor channels are proposed
to be is 50 ft. The additional 2 ft is to allow for vertical motion due to waves.
This alternative also widens the seaward portion of Cut 1 from 500 to 800 ft. An
additional bend widener, on the northern side of the turn between Cuts 1 and 2 is
also proposed.

Alternative 2. To ease the turn between Government Cut and Fisherman’s
Channel, a widener on the south side of Government Cut, just inside the jetties,
was proposed. The proposed channel would be 50 ft deep.

Alternative 3. Expand Fisher Island Turning Basin from 1200 ft to 1500 ft. Ships
turning to back into Fisherman’s Channel will use the enlarged turning basin. The
proposed turning area will be 50 ft deep.

Alternative 4. To allow additional cruise ship berths on the north side of the main
channel, CESAJ proposes to shift the western end of the main channel south.
This will allow ships transiting to the turning basin to pass ships docked at the

proposed berths. This improvement would not be deepened and will remain at ??
ft.

Alternative 5. Widen Fisherman’s Channel 100 ft to the south. This will allow
beamier containerships to pass vessels docked along the Fisherman’s Channels
piers.

Alternative 6. Deepen Dodge Island Cut and the proposed 1200 ft turning basin
to 36 ft. The western end of Dodge Island Cut will be swung southward to
accommodate proposed port expansion.



. In order to evaluate the six improvements proposed for Miami Harbor, a
navigation study consisting of real-time ship simulation modeling was
undertaken. Because of their proximity to the project site, the study was
contracted to the Simulation Research Analysis and Training (STAR) Center in
Fort Lauderdale, FL. The online testing for the simulation study was conducted
during the fall of 2000.

. The design vessels used during the simulation runs are shown in Table 1.

Table 1. Design Vessels for Miami Simulation Runs

Name Type Length (ft) Beam (ft) | Draft (ft)

Susan Ma&rsk | Container 1139 141 44
Ship

Jutlandia Container 965 106 38
Ship

Atlantic Class | Container 950 106 38
Ship

Nordic Cruise Ship 692 113 22.5

Empress

Destiny Cruise Ship 892 117 27

Voyager of Cruise Ship 1020 156 29

The Seas

. Results. Results of the real-time simulation testing are presented as track plots in

Figures 3 —31. These track plots and pilot ratings (Appendix I) constitute the
data analyzed in this report.

. Container ships, Inbound to Berth 110. Track plots for container ships inbound to
Berth 110 are presented in Figures 3 — 6. The composite track plot of the
Jutlandia inbound to Berth 110 with flood tide and 15 knots wind from the
northwest is shown in Figure 3. This scenario corresponds to STAR run M02.
Two of the ships left the channel while transiting the Government Cut. One ship
left the north side of the channel when entering the bend widener between Cuts 1
and 2. The other ship left the channel on the north side when leaving the same

bend widener. One ship left the south side of Fisherman’s Channel while backing
towards the berth.

. The composite track plot of the Susan Maersk transiting the proposed channel
under the same conditions is shown in Figure 4. Alternatives 1, 2, 3 and 5 were
tested in this exercise, which corresponds to STAR run M01. One ship left the
north side of the Government Cut channel when entering the bend widener
between Cuts 1 and 2. Two ships utilized the extra widener on the northeast side
of Cut 2. The ships took advantage of the extra 100 ft on the south side of




10.

11.

12.

13.

Fisherman’s Channel provided by Alternate 5. None of the ships left Fisherman’s
Channel while backing to Berth 110.

The composite track plot of the Jutlandia inbound to Berth 110 with ebb tide and
15 knots wind from the northwest is shown in Figure 5. This scenario
corresponds to STAR run M04. One ship left the south side of Cut 1 and several
ships left the south side of Fisherman’s Channel while either turning or backing to
Berth 110.

The composite track plot of the Susan Maersk transiting the proposed channel
under the same conditions is shown in Figure 6. Alternatives 1, 2 and 5 were
tested in this exercise, which corresponds to STAR run M03. One ship crossed
the south side of Cut 1 by about 15 ft, but in general, the Susan Maersk runs
remained in the channel while transiting the Government cut due to the flare
proposed in Alternative 1. The tracks of the ships transiting Cut 1 are consistent,
rather than erratic as the runs shown in Figure 5 were. None of the ships left the
channel while turning in the Fisher Island Turning Basin, or while backing to
Berth 110.

Container ships, Inbound to Berth 120. Track plots for container ships inbound to
Berth 120 are presented in Figures 7 — 11. The runs were started with the ship
inside the jetties to save simulation time and allow more conditions to be tested.
This was possible because the Government Cut was tested in the scenarios shown
in Figures 3 — 6. The composite track plot of the Jutlandia inbound to Berth 120
with flood tide and 15 knots wind from the northwest is shown in Figure 7. This
scenario corresponds to STAR run M06. None of the vessels left the authorized
channel limits while transiting Fisherman’s Channel. One ship crossed the
channel limits while turning in the Lummus Island Turning Basin.

The composite track plot of the Susan Maersk transiting the proposed channel
under the same conditions is shown in Figure 8. Alternatives 2 and 5 were tested
in this exercise, which corresponds to STAR run MO0S. None of the vessels left
the authorized channel limits while transiting Fisherman’s Channel. One ship
crossed the channel limits while turning in the Lummus Island Turning Basin.
The simulation observer reported this was due to excess speed.

The composite track plot of the Jutlandia inbound to Berth 120 with ebb tide and
15 knots wind from the northwest is shown in Figure 9. This scenario
corresponds to STAR run M08. One ship left the south side of Fisherman’s
Channel while passing the ships docked at Berths 100 and 110. The simulation
observer reported this was due to the pilot increasing ship speed in anticipation of
a stronger ebb tide. Two ships crossed the channel limits while turning in the
Lummus Island Turning Basin.

Extra Susan Maersk Run. I will add this later. There is a discrepancy in the
STAR data.



14.

15.

16.

17.

18.

19.

The composite track plot of the Susan Maersk transiting the proposed channel
under the same conditions is shown in Figure 10. This scenario corresponds to
STAR run M07 and examines Alternatives 2 and 5. Although two ships came
within 10 ft of the southern edge of Fisherman’s Channel, none of the vessels left
the authorized channel during this exercise.

Cruise Ships to Biscayne Island Turning Basin. Composite Track plots of cruise
ships transiting Government Cut to call at berths near the Biscayne Island Turning
Basin are shown in Figures 12— 15. The Voyager of the Seas, an Eagle Class
cruise ship drawing 29 ft was used for all simulations of this scenario. The main
purpose of this scenario was to evaluate Alternative 4.

The composite track plot of the Voyager of the Seas inbound, in the existing
channel, with flood tide and a 15 knot wind from the northeast is shown in Figure
12. This scenario corresponds to STAR exercise M13. Several of the runs left
the north side of the bend widener in the Entrance Channel. However, none of the
ships would have grounded due to their draft of 29 ft. Two of the ships left the
south side of the channel as they approached the turning basin. However, none
would have grounded because this area is a deep as the navigation channel.

The composite track plot of the Voyager of the Seas, transiting the proposed
channel, under the same environmental conditions, is shown in Figure 13.
Alternatives 1 and 4 were tested in this exercise which corresponds to STAR test
M14. Although this vessel is not restricted to the authorized channel limits in
Cuts 1 and 2, the ship did not leave north side of the bend widener by as much as
the runs shown in Figure 12. Although several ships came close to the channel
limits, none of the ships left the Main Channel.

The composite track plot of the Voyager of the Seas inbound, in the existing
channel, with an ebb tide and a 15 knot wind from the northeast is shown in
Figure 14. This scenario corresponds to STAR exercise M15. Several of the
ships left the Government Cut, but this is not significant due to their 29 ft draft.
Several runs also left the southwest portion of the authorized limits Main
Channel. This is the berthing area. None of the ships would have run aground.

The composite track plot of the Voyager of the Seas inbound, in the proposed
channel, with an ebb tide and a 15 knot wind from the northeast is shown in
Figure 15. This scenario tested Alternatives 1 and 4 and corresponds to STAR
exercise M16. One pilot began his approach to the Government Cut further north
than the other pilots. This was done at his request because he felt he would be
further north in real life. Other than ship which began the simulation further
north, none of the ships left the Government Cut. None of ships had any
difficulties maneuvering through the Main Channel.
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21.

22.

23.

24,

25.

Cruise Ships to Berth 195. Composite Track plots of the Nordic Empress and the
Destiny transiting Government Cut to call at berth 195 are shown in Figures 16—
19. The Nordic Empress draws 22.5 ft and the Destiny draws 27 ft. This scenario
evaluates Alternatives 2, 5 and 6.

The composite track plot of the Nordic Empress inbound, in the existing channel,
with ebb tide and a 15 knot wind from the southeast is shown in Figure 16. This
scenario corresponds to STAR exercise M10. Three of the four ships left the
south side of Fisherman’s Channel across from Berth 110. One of the ships left
the turning basin.

The composite track plot of the Destiny inbound, in the proposed channel, with
ebb tide and a 15 knot wind from the southeast is shown in Figure 17. This
scenario tested Alternatives 2, 5 and 6 and corresponds to STAR exercise M09.
None of the ships used Alternative 2 while making the turn from Government Cut
to Fisherman’s Channel. None of the ships left Fisherman’s Channel while
passing the ships at Berths 100 and 110. One pilot chose to turn his ship in the
Lummus Island and back to the berth. Two of the ships left the channel between
the Lummus Island Turning Basin and the Dodge Island Turning Basin. Both
ships left the channel by about 50 ft. One of the ships leaving the channel was the
ship backing to the berth. One of the ships turned too far east and left the Dodge
Island Turning basin by about 30 ft while turning. The other two ships easily
turned in the area provided.

The composite track plot of the Nordic Empress inbound, in the existing channel,
with flood tide and a 15 knot wind from the southeast is shown in Figure 18. This
scenario corresponds to STAR exercise M12. One of the ships left Fisherman’s
Channel while passing the ships at Berths 100 and 110. One pilot (the same pilot
as in Figure 17) chose to turn his ship in the Lummus Island and back to the berth.
Two of the ships left the Dodge Island Turning Basin.

The composite track plot of the Destiny inbound, in the proposed channel, with
flood tide and a 15 knot wind from the southeast is shown in Figure 19. This
scenario tested Alternatives 2, 5 and 6 and corresponds to STAR exercise M11.
None of the ships used Alternative 2 while making the turn from Government Cut
to Fisherman’s Channel. None of the ships left Fisherman’s Channel while
passing the ships at Berths 100 and 110. One pilot (the same pilot as in Figures
17 and 18) chose to turn his ship in the Lummus Island and back to the berth.
One of the ships left the channel between the Lummus Island Turning Basin and
the Dodge Island Turning Basin, by about 40 ft. One of the ships turned too far
north and left the Dodge Island Turning basin by about 60 ft while turning. The
other two ships easily turned in the area provided.

Container ships, Outbound from Berth 120. Track plots for container ships
outbound from Berth 120 with flood tide are presented in Figures 20 - 23. The
runs were stopped with the ship inside the jetties. This was done to save
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30.

31.

32.

simulation time because outbound ships do not have problems transiting
Government Cut.

The composite track plot of the Jutlandia outbound from Berth 120 with flood tide
and 15 knots wind from the southeast is shown in Figure 20. This scenario
corresponds to STAR run M18. Two of the ships left Fisherman’s Channel while
passing the ships docked at Berths 100 and 110. The composite track plot of the
Susan Maersk transiting the proposed channel in the same conditions (Fig re 21)
shows none of the ships left the channel. The Susan Maersk did not use
Alternative 2.

The composite track plot of the Jutlandia outbound from Berth 120 with ebb tide
and 15 knots wind from the southeast is shown in Figure 22. This scenario
corresponds to STAR run M20. Three of the four ships left Fisherman’s Channel
while passing the ships docked at Berths 100 and 110. The composite track plot
of the Susan Maersk transiting the proposed channel in the same conditions (Fig
re 23) shows none of the ships left the channel. The Susan Maersk did not use
Alternative 2.

Cruise Ships, Outbound through the Main Channel. Track plots of cruise ships,
outbound through the Main Channel are presented in Figures 24 — 27. This
exercise examines Alternatives 2 and 5. All runs, both existing and proposed,
were completed with incident. Any vessels that cross the channel limits did so in
an area where the water was at least as deep as the navigation channel.
Alternative 2 was not used.

Cruise Ships, Outbound through the Fisherman’s Channel. Track plots of cruise
ships, outbound through Fisherman’s Channel are presented in Figures 28 — 31.
This exercise tests Alternatives 2, 5, and 6.

The composite track plot of the Nordic Empress outbound, in the existing
channel, with flood tide and a 15 knot wind from the southeast is shown in Figure
28. This scenario corresponds to STAR exercise M26. One ship cross the
channel limits between the Dodge Island and Lummus Island Turning Basins.
One ship crossed the limits of Fisherman’s Channel will passing the ships docked
at Berths 100 and 110.

The composite track plot of the Destiny outbound, in the proposed channel, with
flood tide and a 15 knot wind from the southeast is shown in Figure 29. This
scenario corresponds to STAR exercise M25. One ship crossed the channel limits
between the Dodge Island and Lummus Island Turning Basins. One ship crossed
the limits of Fisherman’s Channel will passing the ships docked at Berths 100 and
110. :

The composite track plot of the Nordic Empress outbound, in the existing
channe], with ebb tide and a 15 knot wind from the southeast is shown in Figure
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34.

35.
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38.

39.

40.

4].

30. This scenario corresponds to STAR exercise M28. One ship touched the
edge of the channel on the northwest end of Lummus Island Turning Basin. One
ship crossed the limits of Fisherman’s Channel.

The composite track plot of the Destiny outbound, in the proposed channel, with
ebb tide and a 15 knot wind from the southeast is shown in Figure 31. This
scenario corresponds to STAR exercise M27. One ship crossed the channel limits
between the Dodge Island and Lummus Island Turning Basins. One ship crossed
the limits of Fisherman’s Channel will passing the ships docked at Berths 100 and
110.

Pilot Questionnaires. The pilots’ final questionnaires are included as Appendix
A. The pilots were supportive of the channel improvements tested, but did have
some concerns about wind/current combinations not tested.

Conclusions and Recommendations. Based upon the results of the simulator
study, the following conclusions and recommendations are given.

Alternative 1. Widening the seaward end of Government Cut 1 allowed
additional room for the vessel to adjust to Gulfstream currents and greatly reduced
the number of containerships leaving the authorized channel during simulation
runs. Alternative 1 is recommended. Modifications to Alternative may be
considered provided they are examined in real-time simulation exercises.

Alternative 2. Alternative 2 was not used during any of the simulated exercises.
Alternative 2 is not recommended.

Alternative 3. Alternative 3 provided adequate room for the Susan Maersk to turn
and back into Fisherman’s Channel and is recommended. The ships did not use
the northernmost portion of the basin. However, additional simulation runs
should be conducted prior to considering any reduction in Alternative 3.

Alternative 4. Alternative 4 is recommended to allow addition cruise ship docks
on the western end of the main channel.

Alternative 5. Alternative 5 provided additional room while passing berthed ships
and was used during nearly every proposed condition test in Fisherman’s
Channel. Existing condition runs showed frequent grounding across from Berth
100 and 110. Alternative 5 eliminated those grounding, even with the larger
containership. Alternative 5 is strongly recommended.

Alternative 6. The Dodge Island Turning Basin provided adequate turning area
for the Destiny. However, a number of ships left the south side of the channel
segment between Lummus Island Turning Basin and Dodge Island Turning Basin.
We recommend Alternative 6 on the condition that the southern edge of that
segment is widened by 50 ft. The widening is shown in Figure 32.
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Special Note regarding the absence of Figures 3 through 32.

Figures 3 through 31 illustrate the composite ship tract plots generated
using different vessels under varying conditions. There are inbound
and outbound plots using the existing port configuration and the
proposed port configuration. For the Ship Simulation Modeler, these
plots are valuable in evaluating the adequacy of proposed changes in
channel widths (including wideners) and channel depths.

Further, some of the Pilot Associations operating at Florida ports have
objected to public release of the ship tract plots because they contain
proprietary information. Copies of the ship track plots from the
simulation study are held on file at the Jacksonville District office.
Point of contact is Philip Sylvester (904) 232-1142.

Figure 32 shows the widening segment of the channel between the
Lummus Island Turning Basin and the Dodge Island Turning Basin and
this Alternative was eliminated during the plan formulation process.
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Miami Operational Evaluation 2000

RTM STAR Center
Miami Operational Operation
Final Evaluation Comments
Name____ Date

1)

Were there any differences in the response of the simulated ship model when compared to
your experience with the actual ship. If so, please indicate how this difference has
affected the results of the simulation study. If you have never maneuvered the actual
vessel, please respond with “N/A”

2)

The entrance channel between buoys 1 and 2 was widened at the seaward end. Did it help
to funnel inbound and outbound traffic into and out of the channel ? Did you notice
any significant handling difference in Cut #1 or #2 channel deepening?

3)

The Fisher Island turning basin was widened by 400 feet to 1600 feet and dredged to 50
feet. Do you feel that this improvement better facilitated turning in the basin? Do you
prefer the use of this turning basin or Lummus Island basin for container vessels?

Why?

Fisherman’s Channel was widened about 100’ to the South, deepened to 50 feet. Do you
feel this will easier passage with ships alongside the dock. Higher maneuvering
speeds and less surge at the dock?

Page 1 of 2



RTM STAR Center Miami Operational Evaluation 2000

5) Western end of the Main channel was relocated south to allow berthing at Watson Island.
Did you think this provides ample room to and from the turning basin? Please
explain. :

6) With the improvements Dodge Island Cut and Dodge Island turning basin, do you think
this provides ample room to maneuver vessel to and from berth 12? Please explain.

7) Additional Comments:

Page 2 of 2
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differe huaﬁ'ectedtheremhsoftln lation study. If you have never
-’ the actual vessel, please with “N/A” i
¥ ; /7. 4 = \
Jes 70 \ |E
Aonb, :' MR ESS ) ﬁ/m.i_ A 0 Kk & "
A Jer |
;l lj
2) The ent: ! e channel between buoys 1 and  was widened at the seaward end. Did it
help to fifhnel inbound and outhound traffic kn mdoutot‘thechmnd?mdyou
notice anj significant handling difference i Cut#l or#z

il
4\"

F ol lod

A A

A I

*~

m Aiea 2 R IR P Sk Speed
basr 7%‘, JA/’ Ar /}) z 13 42 /huw .S.”z.ba ﬂovb L A v
iah’s Channel denedabmtl’toﬂwsmh.deepenedtosot‘eet Doll furren &
youfeel ” s will easier passage with ships glongside the dock. Higher maneuvering iy /.5 o2 4
speeds anil less surge at the dock? _ \ 72%S,
- 1' 7 /. 2212220 XS /el s AT 128
ya//) 1“4 As /3 £) ¢ =4} 2 ” boes /)
5 22 _foor o Kenas Z ”“'IC‘)‘M” 7 @0 of
TH 2 44 /n.:*I Ls 1—”" Ls.
wirt? 739 LBeam | A SHp Pock.e. »omo Coride /tsr prrs s Hp
anir !35' Benm san 4 T 100" Lonwg Alowg shpic TH
/)‘.,‘,(,,u‘ s M 'f TS egwu(s 37§ ) ath TNE EviSTHue € MIen,
2o’ y ar AvAraml Fuw llrle Tri&
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4 - + RTMSTAR Comter| Mistsl Opsrational Evalwation 200¢

5) Western ¢ ' hd of the Main channel was ed south to allow berthing at Watson
Island. . D youtlﬂnktlnsprovxduampler tomdﬁomtlmumimbuin?l’l

@ t/rf ol

77/”” & ,F O L 72 |
6) With the .’... q d Dodge Island turning basin, do you ‘

vossel to and from berth 12?7 Please

Puge 2 0l
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RTM STAR Missi Opeyaticus! Evabiasion 3(
Miami Operationpl Operation
Final Evaluation Comments
N‘u m - RS ¢ A.A‘A'r
|
1) Were anydtﬁhrenminthompouu the simulsted ship model when |
to your experience with the ship. If so, please indicate how this ||
differencg has affected the results of the si ion study, If you have never \
maneu the actual vessel, please with “N/A” |
5 - NIA ;
v A vl A Il
. N N .f
CALnNAL O 30 Y/ N Jauls (9tDended [in o poitd acctytalle vl pv W 0 B‘A(
YOYRCER vk SEA o I " w
N S1S Phss » s M nd SyidLe f“"’ A ‘
syl Unreafy v TS W Yerachon’ dn:_gf oL " 09"’,.,
2) The channel between buoys 1 and 3 was widened at the seaward ead, Did it |
help to mem Mmﬂoﬂhechmul?bldyou |
notice anyf significant ing difference 1or chuneldenpﬁ
y dned ¢ Lanrel ha‘u\& f wo—\»l“-] o "F\fr ¥ JL 'CQ‘
(-4 , a e \ \_Srd‘_i_&%d m»y"u vauls if CAlor
_CA I
3) The Fishér Island turning basin was wi by 400 feet to 1600 feet and dredged tof|
50 feet. INo you feel that this improvement fucilitated turning in the basin? Doy
you the use of this tuming basin or Island basin for container | +
ol 7 i D obited o B Bim ek and ToHondia. Tfe mprarives
¥ + Yo relay firpne rfhr N\Yﬂ : s
$ ¢d hain will & ,.!iml. F ewnre, ; M;. nm—t
>3i0 oSV e theuvey o Wetir) pademeits wg(_gvaslf.‘n\ of
ab |i
4) Fi 's Channel was widened about 100’ to the South, deepened to 50 feet. Do {
you feel this will easier passage with ships the dock. Hixhcmmmnng ](‘
spoeds adl less at the j
-n\\s \wde Alag d’)u;g’pla\ MO R \‘S{"lw\"' howover any Qd' l‘ e o
Jcm_;_gq ¥4 \nmr_\w" ie - Tha Amrhi¥s oF the Nordre Enpréss end DBed |I ny re.
Juecack 537 bat The cn’(\uJ Fedor 1K feuay, Mare W, Ll legs a oy &
NL inuf Tt ot" ms \wmu W\»{tm Jk\? 1:* '!. 03
cevise  thap tn e et red 158 bordesrhre[Sae .
b A i 7He Wovtd be ynssfe.
Tn scnenoff of F\JL“-’ wind 3, roms ———
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RTM mmcm

Miami Operational Evalustion

l

5) Westem ¢ ; ofmmnchmlwrdocmmhmnﬂowbuﬁngn\\htnn

Island. ' d you think this provides ample r
explain. |

tomdﬂ‘omtheminsbuin?l’l

ES— Ksre 15 crple room for V

t 1n ond vl vT#w. !F TR, A '“Mt \a

fa chamel [Hue s peverdwo vouy ‘"f.?ﬁbth‘g oM Way. auder, HAVMj
Basn Qf ol s ot oLH/ s’d‘ MIE AJ## g?Ay. fﬁéu C!A VWJ ‘r

W‘W‘ -I:(]Ano' ;‘ m';\/S\Sm tanN ’7 \Mpd' Haie viasls 1~ traned

6) With the " nprovements Dodge Island Cut

Dodge Island turning basin, do you

think thisjprovides ample rootn to maneuverjvessel to and from berth 127 Please

Sy l : ,smu\lM PUAS I'\Jnm‘k‘\"‘ux 1t SN rewen r"" 17 ste f

n"

ﬂLLN‘"A' Eampress. Wowever, 1n g

eves o1 k\q\pu- Nerl

L.. fse Tansrts wou\d’g_hg

1a%e

|
i

\
7) Addition , Comments:

‘h SiMulaTe P st ealihe Kb 0N

"I o I A0 AL MU J ' Mm
~ INONe & o fettad Yo kor g Fyoia Tsland dock wy
{!!!l' WY
= Bonee) o b peoned cenks o m .
[{ c,.ma\’mw ver ace. e f
‘ &" S\h ¢ S
l a 7 N
Tha a4l ;k\p‘aaua’ Crartdlon Ha ’u.rf@] Jal?d Vw )
NGAJ[M"'IQ
|
[
I
Page 2 0ff
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RTM STAR Comor Misml Oparstions! Evalustion 2000
] Miami Operstiona§ Operation
| Final Evaluation Comments
Name:_Steph 'J][ Nageh mw '
| |
1) Were th: my differences in the response offthe simulated ship model when
eomplred » your experience with the actual ghip. If so, please indicate how this
diﬂ‘emnce s affected the results of the sim monmdy If you have never
maneuverdi the actual vessel, please respc w:th"NIA” 7
% Z 4_4). t% d‘c et Lot 272048%] 4’ Tid r- (4 f (%
27K PP FUCY T
4

2) The ent ‘

notice any :ignlﬁcmthmdlingdlffemumcm#l

» channel between buoys 1 and 2|was widened at the seaward end. Did it | 1
help to fugnel inbound and outbound traffic i tomdoutoftlnchanml?wyou j

/

“J“n o

|
”

” L

(SN

/ Ao B
Y M|mmm_ .
2 Wy A G @ '/l (2¢
%)’ oo 4 ;
Ialmdtumingbumwuw:

270/ f”t A 7"

b mm»nmmwwm

so youfeelﬂmthiumprovemm facnlmwdminthehﬂn?

| the use of this turning basin or

Ou pre

%///aeé Y Ty Rt 2
1l ), -

Gutict ot g%

mmus Island basin for comtsiner

‘
A Ve (4446‘1—.% !

CoprAlE ofn
,7

Bis will easier passage with ships &
ki less surge at the dock?
Son

speeds
%,/%an‘/ 1|/ A / e

7SS, Vidiavs f/é)(ﬂ&/»é G f‘,z‘

T Aore [Zﬁ’ 7fr/(/ ) S

‘ J"WW' Tgnrlrns

sChannelwuwrdenedaboutl’toﬂnSomh,deepmdtoSO&u Do

ongside the dock. Highermamvenng

Selaty Mo o

/
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I
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RTM STAR Comar . Miami Operstional Evelustion

5) Western dnd of the Main channel was relocafed south to allow berthing at Watson
Island. you think this provides ample ropm to and from the tumning basin? P]
expisin, |

Hro Tz g/ H 7~
caq e

0/

-

'S".

6) With the improvements Dodge Island Cut ard Dodge Island turning basin, do you
think this provides ample room to maneuver essel to and from berth 12?7 Please

T 7 Mﬁ/g/%/%’ag
7e ’ . 2 4 .

¥

Paa bt wd B

7) Additionsj Comments:

| 2 2 S
Jy \
Tz Moaokt
H Cor (oI e psirt 7 7
Az /
Cr 5 s/ % r -
_ 2 [
/l
g [ 4_/'/4 ? O AR ﬁ;
Q&_.AZ.Q.. 2z ‘M'

Page 2 of 3
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99/25/2000 11:83 3853742896 RISCAWE BAY PILOTS rr

TIAM] OPERATIONAL OPERATION FINAL EVALUATION COMMENTS
|

Name Michgel Jaccoma
Dute Septedfiber 15,2000

- N/A naL
Nordic Empress — Seemed similar to my recpliection. *

Deetiny- Similar® | *
Note: ‘I cnuise vessels seemed to maintaif more Jateral momentum in the simulator ||
then o mmem. This should not ¢ffoct the results of this study.

of"mmmma-m expedicnce. See item 7).

3) It definjely improved wming in the basin f9r all size vesscls. It is essential for
nnumgSuunMautkiMhubnin.lpr this basin for vesscls berthing st the

ofdupcommvummhom

llof deep draft vessely at the berths 1 prefer the Lummaus Island basin.
4) Defir ynw:llhelpldon'tkMWMIt will be sufficient. On windy days
nane ’ g may require tug assistance and the practical limits may at times be
mmmwum

excee
5) Yes. 1‘] h the vessels and situstions simulated I siways felt I had ample room to
Ot I‘;’U m
|

6) Yes. DMiring simulations there was room for maneuvering the vessels here. |
My cofcern was more in passing any berthed at the container pier at Lummus ||
' :
7) The influence of the Guifstream very impacts the entrance 10 the channel. |i
mwnyrmhoinamnhmm 1 %4 t0 3 % knots as far in as buoys ||
#2 andi¥3. A counter current can ionajly occur just as strong t0 the south.
This reguires boarding the larger deep draff vessels from 1 to 3 miles sas of the sea

buoy. Fhis condition was not simulated. known grounding of “M” clase Maerek |

ol veomredmthovidnityoﬂho 1 buoy. One during & strong North
mtmlseoutboudvmlbmmu North bank. The other was during 2
mons h current and the inbound brushed the South bank.

Vo

[

and depending on the location and |

NIND



Correspondence



BISCAYNE DAY PILOTS

Shvving e Bort o Mlioni sinew 9
2011 POAT WOULEVARD, « H1AML, FLOAIDA 33132 * TELCAHONE (308) 3780483 - ml.i‘: an.?;to,
#2/29- '
.. mar.
October 23, 1997 O ""’9"" t ~‘°‘Yc‘v‘*
) Wetinueys C---C*-og :
Mr. Claude Bullock ineetinds Thy (S AL 'D
Assistant Port Director ' ‘ '-w\:% Y vonio -
1015 N. America Way g,
Miami, Florida 33132 : ,OE"‘ _P
Dear Claude, .

In order to assist the seaport in determining its needs for future dredging peojects, the Biscayne
BayPilouAmdadmmbmmmefolbwhummmdﬁmWebeﬂenthus&edumel
is deepened it Is vitally important that the channel also be widened. - As you know Miami is onc
of the busiest ports in the nation. Lastywourasodationhmdledwer%mshlpmovcmems

The worlds largmcmwundeonmnerslups call here on a regular basis,

Wchavexdenuﬁedthmspedfwmmthachmelthatneedtobcwldmed. I have enclosed
chansforeadmflhmumandhaglﬂiglmdthnpommoﬁhemmfeelshouldbe .
widened.

meﬁmandmostedﬂeala:ealsﬂ\emainchmndenmatmter&rcm The currents in
this area are variable and unpredictable, putting large deep draft vessels arc ot risk when making
their approach to Miami. Several Maersk container vesseis have aiready grounded off of bucy
“1". Our recommendation is to creste a tapercd catrance channel with an 800 foot wide entrance.

The second area'of cincern is on the soutfisite of governmient cut bebweeni beacbn-13 and
beacon 15. This is an area where ships arc tuming from ono channel into snother. The strong
currents in this area compounded by the necessity for the ship to have as little speed as possible,
makes it important for the ship to have as much swinging room as possible. On at least three
occasions that T know of, tagboats assisting ships in this area have grounded and sustained
damage. meommendaﬂonlstomdentbecbamelasmnchaspodblebetweoabewons 13

and 15. .

Finally, Lummus Island Cut just south of the gantry crane arca should be widened. At the
prescat tio ships transiting this area pass axtremely close to vessals docked at the gantry berths.
This resultsina “surging® effect on tho ships at the dock. Also, all too frequently, we are
cncountering vessels docked at Luramus Island with their cranes swung outboard 90 degroes



thereby blocking a portion of the channel. Given the variables of wind, cmmnt.sblpcgo.dma.‘.
efc., this creates an unsafe condition. Ommomdmnwmmmdtbesom&fp
LmnmuslshndCutloo&uMutothomth.

xmmmmwmwmmmm viab(lfqof
the Port of Miami. Please feel free to call me if you have any questions. .

Sincerely, -

A (&
Robert K. Brownell -~

Chairman
Biscayne Bay Pilots

Encl.:2
cc: Captain of the Port

e ey "’ “! I

——— e



———

JuL 16 2001

Planning Division
Plan Formulation Branch

Captain John R. Fernandez
Biscayne Bay Pilots

2911 Port Boulevard

Miami, Florida 33132

Dear Captain Fernandez:

The enclosed drawing contains modifications to the proposed study alternatives
based on the recommendations of you and Captain Stephen McDonald at the Port of
Miami offices on May 16, 2001. The enclosed drawing includes modifications to
alternatives1, 2, 3, and 5 that will either avoid or reduce impacts to environmental

resources.

Approval of those proposed changes by the Biscayne Bay Pilots association will
allow us to continue calculations for our quantity and cost estimates. Please provide a

written response by July 23, 2001.

Contact Jerry Scarborough at 904-232-2042 or Philip Sylvester at 904-232-1 i42
if you have any questions concerning the proposed changes. Thank you for your
continued support and assistance.

Sincerely,

Richard E. Bonner, P.E.
Deputy District Engineer
for Project Management

Enclosure



Copy Furnished:

Ms. Amy Kimball-Murley, AICP, The Curtis & Kimball Company, 4101 Laguna Street,
Coral Gables, Florida 33146

Carl E. Fielland, Port Engineer, Port of Miami, 1015 N. America Way, 2™ Floor, Miami,
FL 33132

bcc:

CESAJ-PD-PN (D. Powell)
CESAJ-EN-HI (Choate)
CESAJ-EN-HI (Syivester)
CESAJ-EN-DL. (Henderson) N
2-7-01 RBP PowelllPD-PN/st.) 76/0

Schmidt/PD-PN
Y train/PD-P
Syivester/EN-HI

Am 1L Choate/EN-HI

W Henderson/EN-DL
(PHCK/PD
&é> Scarborough/DP-|

Dollar/DP-A
Bonner/DP

A—— -

L:\group\pdp\Pilots_Itr.doc



BISCAYNI BAY PILOTS
Sorving Mo Fors.of Micmo sinco 19

2911 PORT BOULEVARD : MIAMI, FLORIDA 33132 « TELEPHONE (305) 375-9453 - CABLE: MiIAM

July 20, 2001

Richard E. Bonner, P.E. ’ S
Deputy District Engineer P
For Project Management
Department of the Army
P.O. Box 4970 _ : ‘
Jacksonville, Fl. 32232-0019 v _ , C

Dear Mr. Bonner,

Please be advised that the Biscayne Bay leots approve the proposed modifications to the _ :
alternatives 1,2,3 and 5. _ . | ‘

" Should you need further assistance pl@asé feel ﬁ'ﬁe toca;l on Captain McDonald or mysglf. 1

Sincerely,

J¥n R. Femandez, - -
Chairman S
Biscayne Bay Pilots




CAYTS
2)op
23
BISCAYNE BAY PILOTS
Soving tho Frort cff Mhiasmé sinco 19

2911 PORT BOULEVARD - MIAMI, FLORIDA 33132 - TELEPHONE (305) 375-9453 + CABLE! MIAMIPILOT

May 14, 2003

Mr. Rene Perez

Project Manager

U.S. Army Corps of Engineers
PO Box 4970

Jacksonville, Florida 32232

Dear Mr. Perez:

The Miami harbor pilots wholeheartedly endorse all components of the Locally
Preferred plan to deepen and widen the Miami ship channel.

Large newly constructed vessels are routinely arriving at ports of call with drafts
in excess of 46 feet. If the Seaport of Miami is to remain a viable and competitive
destination for ocean-going 'fé:;'c_zjﬁn.merce on the eastern seahoafd-then the outer
channel should be dredged to preferably 52 feet and the inner channel deepened
to 50 feet.

The proposed widening of the channel (cut 1 from 500 feet to 800 feet) is needed
to ensure safe transit of the large post panamax ships. With a length of 1138 '
feet and a beam of 141 feet, ‘__t_hggz_a/v/e.sselsAWill:'en_counter strong cross currents
requiring a leeway or crab:anglé of 10 to 15 degrees to stay in the channel. This

“significantly: ._ipcrea'g__efs;t,_héf_eff;eﬂpt‘ix]e‘ ‘bearn. Widening Fishermen’s Channel an

additional*100 feet is angthier ciitical “must.” The present-50Q.foot chapnél: - -

provides only 100:to-120 feet of open water clearanceiif-4 Tatge Béamed vessel-
(141 feet) using tug assistance was to pass another. berthed v of similar. -
beam. Increasing the width would reduce the surge a :

and shouldallow for safe routine passages.”

If the Miami pilots can be__pf any assistance please contagtu

Thank you.

Yours truly,

Wit 7 g

Michael M. Wiegert
Vice Chairman
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BORINGS



Hole No.CB-MIAX-3

DIVISION INSTALLATION SHEET |
DRILLING LOG * South Atlantic Jacksonville District . OF |
1. PROJECT , ) 10. SIZE AND TYPE OF BIT See Remarks
Miami Harbor Deepening ~ Rock Claim T DATUM FOR ELEVATION SHOWN (7BM or H5LJ
2, LOCATION (Coordinates or Station] Mean Low Water, 1.31 ft. below NGVD
X=798750, Y=520755 75 MANUFACTURER'S DESIGNATION OF DRILL
3. DRILLING AGENCY Failing 1500
. 50?_?:00}4’5“,19'“99' I T3, TOTAL NO. OF OVERBURDEN SAWPLES TAKEN
. . {AS shown on arawing tilie ; . A .
and file number) CB-MIAX-3 disturbed: 1 undisturbed: 0
=~ NAVE DF DRILLER 14. TOTAL NUMBER OF CORE BOXES |
R. Gordon 15. ELEVATION GROUND WATER Tide +1.4
6. DIRECTION OF HOLE 6. OATE HOLE STARTED COMPLETED
" DVeRTICAL [JINCLINED 4/13/83  4/13/83
T oRNESS OF BURDEN O F1 17. ELEVATION TOP OF HOLE —47.1 Ft.
- : 18. TOTAL CORE RECOVERY FOR BORING 40 %
8. DEPTH DRILLED INTO ROCK O Ft. 6. SIGNATURE OF GEOLUGIST
9. TOTAL DEPTH OF HOLE 12.5 Ft. J. Gentile
ELEV.{DEPTH| 2| CLASSIFICATION OF MATERIALS  CORE = REMARKS )
8 (DeSCflpthn) R§C Eg Bit or Barrel S"
- nz a
—47.1] 00 | -47.1 0
Po% | CARBONATE SAND, Fine to -
Po° coarse, sand sized shell and " E
1°.° limestone fragments, trace of -
x,.° silt, tan, little gravel sized shell s F
Po° fragments, trace of gravel sized o
Jo.e limestone fragments. (SW) s
—,° 40 1 2 inch Sampler 13 28
Jo e C
[-]
1, [
-1 0 1 -
-0 ©° f—
4 © L
—o ° =
3% 14 F
-52.1] 5.0 1% =-52.1 ¢
- -1
b No Sample, washed to top of i
] rock. [
- NoReq - Washed with open rods and water |~
= =
N B
-58.6| 12.5_ 1 -59.6 "0
: Hard Rock below -59.6 Refusal at -59.6 -
] ‘ 300# Hammer With 18" Drop Used |
-] Soils are field visually classified On 2" x 5° Sampler N
E in accordance with the Unified B
] Soils Classification System. R
- 15
] -
] —
—] _—17.
-] 20
. X
= —22
5%% I;C‘JRM 1838 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT HOLE NUMBER
Miami Harbor Deepening - Rock Claim CB-MIAX-3




Hole No.CB—MHO1-01

SHEET 1
DRILLING LOG I South Atlantic Jacksonville District OF 1
- PRUJEL . o 10. SIZE AND TYPE OF BIT See Remarks
Miami Harbor Deepening and Widening TEVA o
oordnales or Station] MLW, Horizantal Datum: NAD83, FLE
X=8656,950 Y=520,793 2 WANUF ACTORER'S DESTGRATION OF DRILC
3. DRILLING AGENCY "Failing 1500
Corps of Engineers Faiing 0 n
N . TAS ShOwWn on drawi ; " ) .
and fle rumber) CB-MHOI-0f disturbed: { undisturbed: 0
- 14. TOTAL NUMBER OF CORE BOXES 1 0of |
Pickett 15. ELEVATION GROUND WATER Tidal
6. DIRECTION OF HOLE N
SAverticaL CJINCLINED 01/28/01_01/28/01
17. ELEVATION TOP OF HOLE -39.5 Ft.
7. THICKNESS OF BURDEN 1.0 Ft. ELEVATION
18. TOTAL CORE RECOVERY FOR BORING B0.4 ¥
8. DEPTH DRILLED INTO ROCK 10.2 Ft. 0. SICNATURE OF INGPELTOR
Is. TOTAL DEPTH OF HOLE 11.2 Ft. J. Arthur, PG
[=] wos ~
ELEV. |DEPTH| Z CLASSIFICATION OF MATERIALS ORE] s wi I
& a REMARKS x3
@ (Description) RECIZE Bit & Barrel Sk
- wnzZ 1]
-39.5{ 0.0 -39.5 n
4 MESTONE, broken, It. brownish i 60 F
- L 3 ;Eas. 'S 83 | ¢ Split Spoon -
-405| 10 11 -40. 85 |
- LIMESTONE, fossiliferous, some 35 -
T 7 coral, mod. to highly weathered, [
1 hard to very hard, highly pitted =
P and vuggy with small to large SPT 0.5 ft into rock. [ 25
JC]  vugs, it gray. Hyd. Press; 300 PSI, H20 Return: 0% |
h L1 Fragmented: 1.0° - 1.4°, 2.0' - D.7.= 13 min., RGD=22% [
1] 2.7,33 -6.0,63-6.8,7.I' - 100 Note: Used modified RQD rock sections |
-] 7.7, 8.4 - 9.2 less than 4" were counted if they [
lil were part of a hard rock area broken |
T because of vugs. s
l Low angle breaks with irregular -5
1 | I surfaces: 1.4', 2.0°, 2.7', 3.3, 6.0', o
6.3, 6.8, 7.1', 7.7", B.4". 8.2 to - -
P4 2 ttcore loss. Box (222 -
4 1 N
1 2
- Hyd. Press: 300 PSI, H20 Return: 0% [
80 D.T. = 23 min B
T T RQD= 1.5/4.0 = 37.5% [
T " C
] s
] -49.5 10
T Hyd. Press: 300 PSI, H20 Return: 0% §
1 0 Drilling Time: 11 min X
=50.71 1.2 1 -50.7 8
] Notes: 140# hammer w/30" drop used with E
h 2.0° split spoon (1 3/8"1.D. X 2" [
- 1. Soils are field visually 0.0.). —12.5
] classified in accordance with the X
< Unified Soils Clasification 4"X 5.5' core barrel with diamond -
] System. bit o
3 15
= 175
= -
y C
— ~225

Eﬂ gw PREVIOUS EDITIONS ARE OBSOLETE.

PROJECT
Miami Harbor Deepening and Widening

HOLE NUMBER
CB-MHO1-01




Hole No.CB-MHO01-02
—— SFEETT|

SHEET !
| DRILLING LOG South Atlantic Jacksonville District OF 1
OJECT _ o 10. SIZE AND TYPE OF BIT See Remarks
Miami Harbor Deepening and Widening - 7y o
. 0 OF es or on) 5 .
X=854,633 Y=520,416 .MLw. Horizontal Datum: NADB3, FLEm
[3- DRILLING AGENCY Failing 1500
Corps of Engineers 1 A
1. AOLE NO. [A3 shown on draming TiTle " disturbed: 2 " d:
and fie nusber) _ _ isturbed: undisturbed: 0
lmmﬂ CB-MHOI-02 14. TOTAL NUMBER OF CORE BOXES 1 of |
Pickett 16. ELEVATION GROUND WATER
6. DIRECTION OF HOLE X
A VERTICAL [JINCLINED 03/01/01 _03/01/01
7 THIEKNESS OF BURDEN 45 71 - Y0Ta. G aEoveRY o8 scmre T %
8. DEPTH DRILLED INTO ROCK 0.0 Ft.
Js. TOTAL DEPTH OF HOLE 4.5 Ft. J. Arthur, PG
Q wee ~
ELEV. |DEPTH| = CLASSIFICATION OF MATERIALS ORE] i ! 7]
& ] REMARKS St
& (Description) REC iz Bit & Barrel 3"'2
= wZ @
-48.4 -48.4 0
SAND, fine to medium, poorly 8 F
slrSaP(;ed. calcareous, light gray. 33| 1 SPT s F
-49.9 7 F
8 -
271 | 2 SPT 8 F
2.5
~51.4 8 r
12 i
0 SPT T
-52.9 -52.9 0 Fr
] Notes: -5
b otes 140# hammer w/30" drop used with [
] 1. Soils are field visually 2.0’ split spoen (13/8"1D. X2* F
- classified in accordance with the 0.0.). . [
b Unified Soils Clasification n
3 System. [
- 15
- 10
; [
- 125
E :
- o
b -
= s
: :
- 175
- 20
] [ 208
ENG FORM 1836 PREVIOUS EDITIONS ARE 0BSOLETE. PROJECT . o MOLE NUMBER
AR T Miami Harbor Deepening and Widening CB-MHO1-02




Hole No.CB-MHO01-03

SHEET 1
DRILLING LOG South Atlantic Jacksonville District OF 1
- PROJELT . o 10. SIZE AND TYPE OF BIT See Remarks
Miami Harbor Deepening and Widening W o
- fes or Station] MLW, Horizonatal Datum: NADB3, FLE
X=052,569 Y=59,642 T WANOF ACTORER'S DESTGNATION OF DRILL
Corps of Engineers Falling '5_00
. . (AS shown on araw. H N s N
and the pumber) CB-MHOI-03 disturbed: 3 undisturbed: 0
" 14. TOTAL NUMBER OF CORE BOXES 1 of {
Pickett 15. ELEVATION GROUND WATER
Io. DIRECTION OF HOLE 0. DATE HOLE  STARTED COMPLETED
(IVERTICAL JINCLINED 03/01/01 _03/01/01
A -48.4 Ft.
7 THIGRIESS oF BUWOER 41 F1 e SoEAL G ECOVERY Con s TR
J8. DEPTH ORILLED INTO ROCK 5.4 Ft. o STERATORE OFTRGPECTOR -
le. TOTAL DEPTH OF HOLE 8.5 Ft. J. Arthur, PG
=} we ~
ELEV. JOEPTH S CLASSIFIC(?)‘;IS%:I’OUFOSATERIALS :Eué: :§ REMARKS gh
e % |23 Bit & Barrel o™
] nZz )
-4841 0.0 -48.4 o
1111  Silty SAND, fine to medium 14 F°
h q grained, occasional thin layers of N
41°1}  limestone, calcareous, gray. 33 ! SPT _®%r
J1F1 (sM) -49.9 28 -
] - Light gray, medium to coarse 40 F
q grained, thin layer of limestone at 67 PT s F
1 151t 2 S 2.5
X -51.4 : 52
11k a3 F
It 46 | 3 SPT % L
=52.51 4.1 Jd1:k: =52.5 L
JI 1 LIMESTONE, no recovery. F
7T [ 5
:I ] 0 Hyd. Press: 200 PSI i
41 ] H20 Return: 0% -
1L r
41T | [
1] ~85.9 15
11 ] Hyd. Press: 175 PSI X
1T ] 0 H20 Return: 0% -
ot gl Hole blocked -
-57.9] 9.5 1 I] -57.9 N
— . 140# hammer w/30" drop used with [ 49
] Notes: 2.0' split spoon (1 3/8" 1.0. X 2" -
] 1. Soils are field visually 0.D.. [
- classified in accordance with the 4"X 55 core barrel with diamond =
b Unified Soils Clasification bit. [
] System. i
- Note: Bouncing rods may have -12.5
J been on well packed sand rather -
N than rock. i
- -
= 15
b 2
- -17.5
- -20
— 225

N
VIOUS EDITIONS ARE TE.
ENG FORN 1838 PREVIOUS ED. OBSOLE

PROJECT
Miami Harbor Deepening and Widening

HOLE NUMBER

CB-MH01-03




DRILLING LOG | squth atiantic
1]

Hole No.CB-MHO01-04
————STEETT]

SHE
OF 1

TNSTALCATION
Jacksonville District

’ Miami Harbor Deepening and Widening

10. SIZE AND TYPE OF BIT See Remarks
A W or

A tes or Station]
X=851,875 Y=518,801

MLW, Horizontal Datum: NAD83, FLE
[T, HARUF ACTURER'S DESIGNATION OF DRIU

L

. NCY
Corps of Engineers

Failing 1500

{3 HOTE NO. {As shown on drawkg title

and flle mmber) CHB-MHOI-04

" disturbed: 3 undisturbed: 0

14. TOTAL NUMBER OF CORE BOXES 1 of |

" Pickett
0. DIRECTION OF HOLE

B3 verTicaL [TJINCLINED

15. ELEVATION GROUND WATER
X ETED
03/01/0t _03/01/01

7. THICKNESS OF BURDEN 4.4 Ft.

17. ELEVATION TOP OF HOLE -47.8 Ft.

|8. OEPTH DRILLED INTO ROCK 0.0 Ft.

18. TOTAL CORE RECOVERY FOR BORING 34.1 X
0. SIGNATURE OF INSPECTOR

|s. ToTAL DEPTH OF HOLE 4.4 Ft.

"3 Arthur

3

PG
ELEV. [DEPTH| 2 |  CLASSIFICATION OF MATERIALS  |CORE] Y & 7]
w {Description) REC|E2 REMARKS Zin
o x |23 Bit & Barrel o™
— nz @
-47.8]1 0.0 -47.8 0
41 1 LIMESTONE, mod. hard, some 8 [
1T 1 fine to medium sand seams, C
il 1 calcareous, it. gray ampt SPT 2 F
-49.3] 1.5 -] ~49.3 27
b Silty SAND, fine to medium 22 F
b grained, some small shel C
] fragments, thin fayer of limestone 33 2 SPT 20 -2.5
. at 3.0 ft., light gray. (SM) -50.8 23 r
: 8 r
— |3 SPT 50
-52.2| 4.4 1 -52.2 50 [
— Notes: 140# hammer w/30" drop used with 5
] 1. Sails are field visually g‘_g_fpl't spoon (13/8"LD. X 2 C
J classified in accordance with the -
R Unified Soils Clasification [
] System. C
— F75
] s
- _—lo
3 a1
= s
- 15
] :
-4 -
] 75

LA BEREE RALAE RARRY

N
(4]

V] DIT.
m',}wm PREVIOUS EDITIONS ARE OBSOLETE.

PROJECT
Miami Harbor Deepening and Widening

HOLE NUMBER

CB-MHO1-04




".I. "°' vo=rinur=111+7,

DRILLING LOG

s
DIVISION

South Atlantic

INSTALLATION
Jacksonville District

SHEET |
ofF | sHEETS

1. PROJECT

Miami Harbor Deepening

1.

X

,000

,FLocrnoN (Coordinates or Statior)

Y = 519,086

12.

3. DRILLING AGENCY,
Corps of Engineers

10. SIZE AND TYPE OF BIT
UM F

MLW
WANUFACTURER'S DESIGNATION OF DRILL

Failings 1500

See Remarks
[} HOWN or

HOLE NO. (4. e . IS;S'ENNQM?I:LE\;ETAKE IDI“u.'ED j unotsTURBED
4. 8 shown on drawing title H
and file numbed {CB-MH89-117
S WAME OF DRILLER 14. TOTAL NUMBER CORE BOXES ]
R. Gordon 1S. ELEVATION GROUND WATER  Tidal
§. BIRECTION OF HOLE ISTARTED | COMPLETED
mVERTICAL DINCLINED DEG. FROM VERT. 16. DATE HOLE ‘ 1 0 3 89 L -I 0‘3_89
: 17. ELEVATION TOP OF HOLE  _40 .0 )
7. THICKNESS OF OVERBURDEN 76 %
l!. DEPTH DRILLED INTO ROCK ::. :lOG':‘AAl;:::EO:iZO:ZEmRV FOR BoRInG
[s. TovaL oepTH oF HoLE 12" Geoloaist, Joe Gentile
ELEVATION| DEPTH |{LEGEND CLAleIC(AD':'.oe:p?mATER|ALS :E:C:OVR\E EAO"):(S?.NE (Drilling :h:i;:?'-‘;:;u.,gcwh‘u
a b c d [ f ;
- BIT OR BARREL —
-40.0 1 0.05 -40.0 BLS/0.5' .
h SAND, fine to medium quartz Split Spoon  Settled j~
- & shell fragments, little —
— silt, gray, wet, shelly 33 ! —
- (sm) -
=k -
i -43.0 —
-43.3 | 3.3 -
o - SAND, fine to medium quartl~ Split Spoon 3 FE
—: & shell fragments, trace 88 2 SHE
-44.5 | 4.5 A silt, ?ray, few thin SAND- -44.5 R S
T  STONE Tenses, shelly (SP); : T ot
¥ - Split Spoon 12 -
| SANDSTONE, moderate1y hard, 88 3 FoE
-45.9 | 5.99 porous, very fossiliferous, -46.0 37 E
- —=H many seams of loose sand & i R
Zillshell, Tight gray [ DIA 4" x 5-1/2" —
: ' D.T. 40 min -
T SANDSTONE, hard, porous H.P. 75 psi H—
; permeable, some seams —
= poarly cemented SANDSTONE, —
— massive, tan, vuggy 100 - —
= .
- -51.0 —
T T Dm 4‘x5 "
-52.0 |12 50 - 6 si
-52.0 - m?n

Illlllllllllllllllllllll[llllllllllllll‘lﬂl l

Soils are field visually
classified in accordance
with the Unified Soils
Classification System.

140# HAMMER WITH 30"
DROP USED ON 2.0' SPLIT
SPOON (1-3/8"1.D. x
2.0"0.D.)

\\\llIllTWll\lllll]llll]lTTWlJIll]T1ll|I Il

ENG FORM 18 36 prEVIOus EDITIONS ARE OBSOLETE.

MAR 71

PROJECT Miami Harbor

HOLE NO.

B-MH89-117

Naaneninn



Hole No, LB-MHB9-20

DIVISION - TNSTALLATION , - " SHEET |
DRILLING LOG South Atlantic Jacksonville District oF 1 suEETs
7. PROJECT ] 10. SIZE AND TYPE OF BIT SE€ Remarks
Miami Harbor Deepening 1. DATUM F v H Py
[ recATon (Cnadhllc- or Sl.l MLW
! X = 791,165 51 8,167 12. MANUFACTURER'S DESIGNATION OF DRILL
3. DRILLING AGENCY ) Failings 1500
Corps of Engineers 13. TOTAL NO. OF OV | DISTURBED { UNDISTURBED
4. HOLE NO. (As shown on drawing l“l.l BURDEN SAMPLES TAK N H
and tile mumbed ¢ (CB-MH89-20 i
S NAME OF DRILLER 14. TOTAL NUMBER CORE BOXES 1
Gorden 15. ELEVATION GROUND WATER Tidal
6. DIRECTION OF HOLE |sTARTED !CDMPLETED
ChverTicaL [JiNcLiNED oG FROM VERT. | AT e MOLE | 9-26-89 | 9-26-89
: 17. ELEVATION TOP OF HOLE -44 0!
7. THICKNESS OF OVERBURDEN
18. TOTAL CORE RECOVERY FOR BORING 78 %
l!. DEPTH DRILLED INTO ROCK 19. SIGNATURE OF ANSPECTOR
s. TOTAL DEPTH OF HoLE 8.0 Geologist, Joe Gentile
ELEVATION| DEPTH |LEGEND A oty TERIALS ;E:c:’o:vz- SAMPLE|  (Drilting r_im:E;-Atslr.:lsou. depth of
. ate., i ]
a b < d . f 9
- IT OR BAR -
= B REL -
= =
-44.0 |0.0] -44.0 BLS/0.5'  |©
(-44.3 10.3 3T SAND, fine to medium quartz, 10
457 | 0.7 =5 ?'i'l';:y, gray, little shell go | 1 | -45.0 32 E
- ] (SM - VT . B
0 L Bed of moderately hard DIA 4" x 5-1/2 -
SANDSTONE ‘with silty D.T. 28 min —
—'[ .| sand lenses from —44. 88 - —
— to -44 7 : H.P. 50 psi —
B : —
7 | LIMESTONE, hard, very -
:T -1 porous, slightly permeable, -
—] very fossiliferous -49.0 —
- L { (cemented shell), partly - [ -
~ i | altered, tan, unevenly IA 4" x 5-1/2" —
"7 bedded, isolated seams D . / —
77| poorly shell, sandy 63 | - D.T. 23min —
J : H.P. 40 psi —
-52.0 | 8.6 -52.0 —
I Soils are field visually B:gﬁ SQEEESNWQTE,B’O" —
- classified in accordance SPLIT SPOON (1 '3/8"1 0. E
- with the Unified Soils x 2'0.D.) - R
- Classification System. U [0
- -
] pro—
= -
- -
— o
- [~
= =
— —
] 1 -
ENMG.“;??M 1836 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT g;gg;n??‘gbor LEO-LMEH?;;—ZO



Hole No.CB~MHO1-05

SHEET 1
DRILLING LOG South Atlantic Jacksonville District OF 1
. M 10. SIZE AND TYPE OF BIT See Remarks
Miami Harbor Deepening and Widening T A o
. 0Of es or Station) . .
X=045.654 Y=519,157 MLW, Horizontal Datum: NAD83, FLE“.L
} Corps of Engineers -Famn '5?0 v
L3 m' 'Utsmﬁuwm’:,’s""" on drawing title CB-MHOI-05 disturbed: 5 undisturbed: 0
—RA 14. TOTAL NUMBER OF CORE BOXES 1 of 1
l Pickett 15. ELEVATION GROUND WATER
8. DIRECTION OF HOLE 3
I verTIcAL CJINCLINED 03/01/01_03/01/01
A -45, .
7. TRICKNESS OF BURDEN 15 . - ToTAL Cone AcoovERY o s 5T X
8. DEPTH DRILLED INTO ROCK 0.0 Ft. mm -
9. TOTAL OEPTH OF HOLE 7.5 Ft. J. Arthur, PG
ELEV. |0EPTH| S CLASSIFICATION OF MATERIALS oRe| Y &5 ’ @
ﬁ (Description) REC|$ S B'iRtEgABRaIErSeI P
w ¥ |<=5 =
- nZ <]
-458} 00 | -45.8 0
41731  Siity SAND, fine to medium 8
Ik grained, thin lense of limestone, [
vk calcareous, gray (SM) B! SPT % r
-47.31 1.5 -47.3 3 r
1 ] LIMESTONE, mod. hard, some 14 F
] 4 fine to medium sand, calcareous, [
— I 1 It gray 01 2 SPT _L_zg
iI ] -48.8 37
:I : 26 -
471 1 53| 3 SPT 3 |
1T ] ~50.3 50 F
- 4 14 ¢
:% ] 3] 4 SPY 15 :5
:I ] -51.8 14
- I ] L
7 T b 331 5 SPT 3 T
—93.31 75 3 4 -53.3 2
3 . 140# hammer w/30" drop used with [
] Notes: 2.0' split spoon {13/8"1D. x2" F
] 1. Soils are field visually 0.0 ~
n classified in accordance with the 8
b Unified Soils Ciasification -
— System, F o
B [
] X
— _—|2.S
— 15
- [
1 o
3 [
- [-17.5
- [ 20
- 225

m E’W 1838 PREVIOUS EDITIONS ARE OBSOLETE.

PROJECY
Miami Harbor Deepening and Widening

HOLE NUMBER
CB-MHO1-05




TNSTACCATION

Hole No.CB-MHO01-06
~ . SHEET ]

SHEET 1
DRIL‘-ING LOG South Atlantic Jacksonville District OF |
I‘- PROJECY 10. SIZE AND TYPE OF BIT See Remark
Miami Harbor Deepening and Widening D -l ;
2. COCATION (Coordnates or Stalion] : "
X=943,811 Y=519,428 -MLW, Horizontal Datum: NADB3, FLEILL
N NCV o
Corps of Engineers Failing '5_00
N . (AS Shown on arawi i . : .
and fiie number) CB-MHOI-06 disturbed: 4 undisturbed: 0
- 14. TOTAL NUMBER OF CORE BOXES 1 of 1
I Pickett 15. ELEVATION GROUND WATER
6. DIRECTION OF HOLE N
CAVERTICAL [CJINCLINED 03/02/01 03/02/01
7. HICKNESS OF BUROEN 0.0 F1. - Tor i G EoovERY Fo g TET ¥
3. DEPTH ORILLED INTO ROCK 0.0 F L. T O TOKE P IREPEETON— :
9. TOTAL DEPTH OF HOLE 6.0 Ft. J. Arthur, PG
ELEV. |OEPTH| @ | CLASSIFICATION OF MATERIALS  |CORE| Y& )
i (Description) REC|E 2 REMARKS 3
e % |Z35 8it & Barrel o™
- nwz @
~-47.11 0.0 -47.1 0
4T ] LIMESTONE, mod. hard, some it F
] 4 fine to medium sand seams, [
< I ] caicareous, it. brownish gray ]! SPT '8 a
1] -48.6 40
] I : 22 -
a1 27 {2 SPT 20 Fo¢
11 ] =50.1 L o
E p 13 F
] — F
-:% ] 20| 3 SPT I
1T 1 -516 2 F
] I 3 10 -_s
:I ] 201} 4 SPT 2 |
=53.11 6.0 31— 1 =53.1 14
7 . 140# hammer w/30" drop used with |~
] Notes: 2.0' split spoon (1 3/8"LD. x2* F
- -
= 1. Soils are field visually 0.0.) .
4 classified in accordance with the [ "
b Unified Soils Clasification -
] System. 1
~ -0
— 125
= s
- 175
- 20
— (225

PREVIOUS EDITIONS ARE OBSOLETE.
FiiR Gpfw 183

PROJECT
Miami Harbor Deepening and Widening

HOLE NUMBER
CB-MHO1-06




TNSTATCATION

Hole No.CB-MHO1-07

SHEET |
DRILLING LOG l South Atlantic Jacksonville District OF 1
. 10, TYPE OF BIT See Rem
Miami Harbor Deepening and Widening 0. SIZE AND TV o arl;:
3 0 tes or Station] . 3
X=043,258 Y=520.140 .MLw. Horizontal Datum: NADS3, FLEILL
- il Failing 1500
Corps of Engineers X " : N
4-HOLE NO. TAs shown ob s tite CB-MHO1-07 disturbed: 3 undisturbed: 0
N 14. TOTAL NUMBER OF CORE BOXES | of |
Pickett 16. ELEVATION GROUND WATER
6. DIRECTION OF HOLE X
DRI VERTICAL [ JINCLINED 03/02/01 03/02/01
7. WICKNESS OF BURGEN 45 P & 7oTAL CoRE REGoVERY o oo AT %
Je. DEPTH DRILLED INTO ROCK 0.0 Ft. mmm :
9. TOTAL DEPTH OF HOLE 4.5 Ft. J. Arthur, PG
Q weo ~
ELEV. |DEPTH z CLASSIFIC(?JL&%“&’O rl.d)ATERIALS RuErEu T REMARKS gb
o x |25 Bit & Barrel g™
- wz @
-47.8] 0.0 -47.8 0
41 ] LIMESTONE, mod. hard, some 2 F
] 1 fine to medium sand, calcareous, [
4 I § It. grayish brown ! SPT 26 5
-1 ] -49.3 20 |
11 ] M
] b 2 SPT 17 F
—I] [25
11 -50.8 2 F
4+ 3 15 F
. ::E 3 3 SPT L o
-52.3| 45 17 3 -52.3 E M o
2 . 140# hammer w/30" drop used with [
] Notes: 2.0' split spoon (13/8"1.0. X2 [
] 1. Soils are tield visually 00.) -
) classified in accordance with the N
h Unitied Soils Clasification -
] System. -
- 75
- 10
— 125
] [
3 15
h F
-1 r
— 175
] 3
] s
- 20
: [
— 225
m F;?N 1838 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT . i . HOLE NUMBER
A Miami Harbor Deepening and Widening CB-MH01-07




Hole No.CB~-MH90-171

DIVISION INSTALLATION SWEET
DRILLING LOG South Atlantic Jacksonville District OF 2 SHEETS
1. PROJECT 10. SIZE AND TYPE OF BIT See remarks i
Miami Harbor Deepening 1. " F N or
[2- LOCATION (Coordinates or Station) MLW
= 783,747 = 520,865 [12. MANUFACTURER'S DESIGNATION OF DRILL
3. DRILLING AGENEY N Fai]]ng ]500
Corps of Engineers ¥3. TOTAL NO. OF OVER. lml‘ruunzn {UNDISTURBED
4, HOLE NO. (As shown on drawing title| BURDEN SAMPLES TAKE H
oot 10 manbied ! CB-MH90-171 '
S NAWE OF DRILLCER i 14. TOTAL NUMBER CORE BOXES 3
R. Gordon 1E. ELEVATION GROUND WATER Tidal
6. DIRECTION OF HOLE ' A l'TARTED !C‘OMFLET:D
n_vtnﬂcu. CJiNcLINED OEG. FROM VERT. 6. DATE MoLE l 7/24/90 i 7/25/90
17. ELEVATION TOP OF HOLE -8.5" '
7. THICKNESS OF OVERBURDEN -
18, TOTAL CORE RECOVERY FOR BORING 63 %
|8 DEPTH DRILLED INTO Rock 15. SIGNATURE OF INSPECTOR
Is. ToTAL oEPTH OF HOLE 41.5" Geologist, J. Gentile
ELEVATION DEP:N LEGEND c""s""c(‘,‘,t'.‘:i‘b‘,’m"“““'s ;::goé‘vz- SANFE.E (Dritling a:‘-‘.ﬁ-?ﬁ":ls:‘-&‘ depth of
a c L] | ]
- Bit or Barrel -
8.5 0_0: N - -8.5 Blows/0.5 Ft o
- TI LIMESTONE, moderately hard, . s
1= porous, permeable, very 6 1 Split Spoon 1k
— 1 T|fossiliferous (cemented -10.0 20 —
_1035_”2”_9": T!_'_ shell), tan,massive bedded [y REC 0.5 " 20
— LIMESTONE, hard, porous, 4x5% Di =
= 1 slightly permeable, massive D?’ %7 r:l?n E
- bedded, very fossiliferous HP wt tools —
—] Tl (cemented shell & little 100 —
R sand}, sandy in composition, —
—T7—71 tan-gray, solid core —
L , ! samples (1.0' pieces), -13.5 -
. brecciated,. cemented —
sl angular fragments of very 4x53 Dia —
— ] [|hard brown limestone, foss- DT 19 min [
] [1iliferous, tan, massive 100 HP 75 psi —
- J — bedded from -13.5 to -16.5 P -
{
-16.5[8.0 [ | -16.5 I =
=11 7| LIMESTONE, moderately hard, —
——L —{ porous, permeable, very . L
- T'I fossiliferous, oolitic, 4x5% Dia —
——— - granular, tan, clean, 93 DT 10 min —
— [ [|massive bedded, seams poorly HP 50 psi [—
. | cemented oolites —
4110 -19.5 F
=N 2
7T 4x53% Dia —
s 100 DT 11 min —
q°T I HP wt of tools H—
2.0 13- T == | hard Tinestone f | =
_ ed hard Timestone from _ —
22.5| 147 . 1 -22.0 to -22.5 22.}5 -
J.L = 4x5% Dia ’—_:/.:
-24.00 15,591 = NO DT 11 min E
SAND, fine to medium, quartz| REC HP wt of tools |-
clean, trace shell, tan, —
isolated sandstone lenses -25.5 [
] {sP) 23
56 2 Split Spoon =
' -27.0 45 I~
" settled
]clean, no limestone lenses 80 3 LS o
AP below 28,5 -28.5 20
ENG FORM 1836 previous EDITIONS ARE OBSOLETE. FROJECT HOLE wo.

MAR 71

#iami Hawvhnar Naananinn

CPROMHAN.T 71



ELEVATION TOP OF HOLE .
[pRILLING 10G (Cont Sheet)] 8.5 Hole No. CB-M90-171
PIOJE.CY . . INSTALLATION SHEET
Miami Harbor Deepening Jacksonville District oF 2 SHEETS
ELEVATION | DEPTH | LEGEND CLASSIFICATION OF MATERIALS Recov: | SAMPL (Drilling timer wotes loss, depth of
{ Description) ERY NO. weathering, etc., if significant)
a b c d ¢ f 4
- [
= Bit or Barrel -
I -28.5 Blows/0.5 Ft |,
settled [~
Split Spoon —
50 4 P P —
_ 8
-31.5 "l many lenses moderately hard -31.5 21
%) sandstone from -31.5 to ' 21
-32.5 grg) 7325 - ' 88 | 5 ap
2+] SANDSTONE, moderately hard, -33.0 18
T porous, permeable, many 38}
=4 seams hard sandy limestone, u N
seams friable poorly cemented 60 -34.5 =
_sandstone, seams loose sand, : 27
fossiliferous, tan, massive 11—
bedded, isolated hard SS lenges 6 " 6
. ~36.0 —| riddled seams loose sand from 66 -36.0 sk
1-38.5 to -36.0 - F sE
SAND, fine to medium quartz, ' " - —
tan, clean, few sandstone 88 { 7 201
- -37.5 lenses (SB) , =37.5. A
{1 LIMESTONE, hard, porous, tan, _ . o
~38.5 1 fossiliferous, sandy in com-| 4qg 2x2-7/8 Dia -
1 . > . DT 6 min [ 3
] ] =1 position, moderately hard HP 50 bsi [~
--33.0430.5 Sd;sandstone_from -38.5_to -39.q pst -
SAND, fine to medium quartz, -39.5 —
] zl clean, tan, trace shell, . YA
isolated sandstone lenses 60 8 Split Spoon 7+
= .(SP), bed hard porous lime- : -41.0 B
-41.3 132.8 stone, tan, solution holes - o RN
- from 241.3 to -42.0, sand 80 | 9 [-41.5 50
-42.0133.5 7] SP), trace silt, limy, . —
— riddled with lenses hard NO 2x2-7/8 Dia —
limestone from -42.0 to -46. DT 11 min [
REC 10 HP 50 psi —
—] [
-44.0 o N =
66 1 Split Spoon 5 22____
=45.5 e 20F
= . 15—
—: 45% hard limestone from " —
-46.0 to -47.0 88 | 12 ___56F
-47.0 38.5 e -47.0 a7
- I LIMESTONE, hard, porous, tan, : —
-48.0 139.5 ]—L solid core sample, very fos- 2x2-7/8 Dia [
: > = slesds'siliferous (cemented shell)st go DT 6 min -
= ]sandy o T HP 75 psi <
-+ SAND, ﬂ'nﬁ %:o liledium, quartz, -49.0
1tan, slightly limy, many : Split Spoon ~1001~
-50.0 /1. ]1enses hard sandstone S 8_9_ 13 | .0 _100}—
1o T|LIMESTONE, hard Refusal -
- Soils are field visually 140# hammer with 30" |-
- classified in accordance drop used on 2.0' —
-] with the Unified Soils split spoon. [
- Classification System. (1-3/8" 1D x 2" 0D) —
ENG FORM - (ER 1110-1-1801) o 1880 OF - 628 603 PROJECT HOLE NO.
ey 1836-A ore reeeore Miami Harbor Deepening CB-MH90-171

]




Hole No.CB-MHO01-10
e

SHEET |
DRILLINS LOG South Atlantic Jacksonville District OF |
. PROJECT 10, SIZE AND TYPE OF BIT See Remarks
Miami Harbor Deepening and Widening - o
es or Station/ MLW, Horiz ; NADB3, F|
X=938.226 Y=521,630 LW, Horizontal Datum: NADB3, LEILL
[3. DRILCLING AGENCY 2 IIII.I_UI ACTURER'S DESTGNATION OF DR
Corps of Engineers 'Falhng '5.00 T
N . (AS Shown on draw, o R " .
and fle number) CB—MHOI-10 disturbed: 3 undisturbed: 0
- 14. TOTAL NUMBER OF CORE BOXES | of |
l Pickett 15. ELEVATION GROUND WATER
6. DIRECTION OF HOLE E1ED
BAverticat [CINCLINED 02/26/01 _02/26/01
7. HIGKNESS OF BRGEN 32 F. - SoxAx GOk REcOTERY o s T X
8. DEPTH ORILLED INTO ROCK 8.0 Ft. m -
0. TOTAL DEPTH OF HOLE 1.2 Ft. J. Arthur, PG
Q wec -~
ELEV. |DEPTH & CLASSIFIC(& Is?:':i DO& '%ATERIALS RuErg: Fu REMARKS gb
2 % |23 Bit & Barrel 9™
=] nZz o
~-453] 0.0 -45.3 0
41 1 LIMESTONE, mod. hard, some 5 F
] 4 sand, calcareous, it. brownish i
11 ] aray 21| ¢ SPT 5 F
-46.8 L -46.8 5
SAND, fine to medium poorly 0 ¥
graded, trace of limestone, [
calcareous, It. gray (SP) *) 2 ST _ 0 ] (.25
-48.3 -48.3 0 r
LIMESTONE, very hard, U === -
] fossiliferous, highly wea., pitted, -
It. yellow brown stains, badly -
1 broken at 3.2 - 3.8 ft,, gray I
-50.5 3.2 - 3.6 ft, 4.6 - 5.2 ft, Coral, " ) L5
yd. Press: 250 PSI L
very hard. 40 H20 Return: 0% -
SAND, no recovery RAD = 20% [
D.T.: 4 min =
Box 1 C
~71.5
-53.5 -53.5 [
LIMESTONE, fossilferous, highly L
T wea., pitted, very hard, medium to -
1 coarse grained, few light yellow s
brown stains, gray 60 Hyd. Press: 400 PSI a
A H20 Return: 0% [ 10
E Badly broken at 8.0 — 10.0 ft. 2
] Low angle irregular breaks at 8.0 X
-56.5| 1.2 1 and 9.3 ft. -56.5 -
3 . 140# hammer w/30" drop used with |
] Notes: 2.0" sphit spoon (13/8"1.0. x2* F
- 1. Soils are field visually 0.0). —12.5
] classified in accordance with the 4"X 55' core barrel with diamond [
- Unified Soils Clasification bit. -
3 System. -
] Casing and rod bent and broke N
] while pulling out barrel. 20° of u
k casing dropped on the channel -
- bottom. _"5
3 .
] 175
3 -
-1 -
- 20
] i
1 F
- p—
- [ 208
m r?u 1838 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT ] o HOLE NUMBER
ART Miami Harbor Deepening and Widening CB-MHO1-10




Hole No.CB=-MH01-20

SHEET 1
| DRILI-ING LOG | South Atlantic Jacksonville District OF 2
OJECT i . 10. SIZE AND TYPE OF BIT See Remarks
Miami Harbor Deepening and Widening o
. oordnaies or Stetion/ MLW, Horizontal Datum: NAD83, FLE
X=9383|4,.05c:=522761..41 A
Corps of Engineers Failing '5_00
4 HOLE NO. (A3 shown on arawhg tille disturbed: 12 undisturbed: 0
and tile number) - . d N
- CB-MHOI-20 14. TOTAL NUMBER OF CORE BOXES 1 of 1
Pickett 15. ELEVATION GROUND WATER
Ie. OGIRECTION OF HOLE 3
BAverTticaL  CJINCLINED 01/26/01_01/26/01
17. ELEVATION TOP OF HOLE -10.7 Ft.
7. THICKNESS OF BURDEN 18.7 F1. 18, TOTAL CORE RECOVERY FOR BORING 55 %
8. DEPTH DRILLED INTO ROCK 0.8 Ft. m
9. TOTAL DEPTH OF HOLE 2B.5 Ft. J. Arthur, PG
[=} wec -~
ELEV. |DEPTH 3 CLAS'::IFI(:(A'I’IONI O“F MATERIALS %OERCE Fu REMARKS gb
] Description) z3 Bit & Barrel gk
w X |3 =1
- nz o
=10.7. -10.7 0
SAND, fine to medium poorly WOH |
graded, some small shell [
fragments, light gray. (SP) 0 SPT _NWOH F
-12.2 4 -
12 C
100 1 SPT 20 -_2.5
-13.7 A =13.7 2 F
=3 Silty SAND, fine to medium 2t F
*}d grained, some small shell -
2]  fragments, calcareous, light 0 { 2 SPT 7 F
-15.2 <] gray. ~15.2 24 Fr
X ] LIMESTONE, some shel Ell 3
4T ] (ragments, moderately hard, some oo} 3 SPT 26 F
] 1 sand, It. gray L
11 ] -16.7 23 F
31 ] B r
:I b 00| 4 SPT 4 -
13 -18.2 8 Iy 5
1T 1 24 F
iT ] o] 5 SPT 66 |
ENS ~19.7 34 F
] ] 14 -
R I] 87| 6 SPT ® Fo
-212]1 10.5 1 I ~21.2 6 Fr
Ei2°i]  SAND, fine poorly graded, some I
Isi]rr:;tor}gp ravel, white to light w01l 7 SPT ) E_
=22.7 5 F
: > Fus
20 8 SPT 6 r
- s F
thin lense of limestone at 13.5 ft. 24.2 —t
3]s sPT I
-25.7 s T 1
s
20 10 SPT 8 i
-27.2 0
10 C
20 ] SPT 'Bg E’ 15
limestone lense from 18.0 - 1B.7 =26.7 Y
~29.4] 87 3 ft. 00) 2 ) 294 — 5"7350 e
LIMESTONE, fossiliferous, mod. yd. Fress; n
I to highly wea., highly porous, 100 0.4 H20 Return: 0% -
pitted and vuggy with smali to =30, RQD = 100%
| T large vugs, very hard, dark gray -:20
T 1 [
8.1 - 19.7 ft, fragmented. Box 1 Hyd. Press: 300 PSI :
..l I 100 H20 Return: 0% -
AT Low angle irregular open joints: RGD = 57.9% -
1L 19.1, 19.8, 20.4, 20.8, 21.6, 22.0, [
5 225, F oo
T T T T T {continued) i
m ;PH 030 PREVIOUS EQITIONS ARE OBSOLETE. PR.OJE_CT ) . . HOLE NUMBER
A Miami Harbor Deepening and Widening CB-MH01-20




Lqmagume LOG (Cont. Sheet)
Cr

c
-10.7 Ft.

SHE!

Hole No.CB-MHO01-20
= ET 2

Illll'lllllllll'llIlllllllllllIlllJlllLl'lllllllll'lI|ll|llj|]lll|llll|lIllllllllllll.

oF 2
Miami Harbor Deepening and Widening I Jacksonville District
ELEV. |oEPTH] € CLASSIFICATION OF MATERIALS ORE] Y 15 @
o (Description) RECIEE B';Eg‘g‘af% S
w % {<35 |
- nzZ (1]
-33.2] 225 S WYY
I 205 <2167 higmy Wea., Vi gy, Hyd. Press: 300 P51 [
L badly broken. 100 H20 Return: 0% -
~ ‘ ~34.2 RGD = 57.8% -
~L T 23.4 - 23.8 ft, highly wea,, soft -
h 1  tomod. hard, sandy. r
<41 -
a1 [ 2
o Hyd. Press: 300 PST o
I no recovery from 23.5 - 28.5 ft. 0 {Boxi H20 Return: 0% -
RQD-= 0% [
o | -
I 5
| N
] -38.2 [ 275
4 Hyd. Press: 200 P51 | <
4 0 H20 Return: 0% -
~39.21285 JL -39.2 RGD = 0% [
. 1404 hammer w/30" drop used with [T
Notes: 2.0' split spoon (1 3/8"10. x2" F
1. Soils are field visually 0.0 [ 30
classified in accordance with the 4"X 5.5' core barrel with diamond L.
Unified Soils Clasification bit. X
System. C
325
[
35
-37.5

I"ll"ll'“'l'lll"T"
F 3

0 =3

[, ]

F
[2,]
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m E,W 1830 PREVIOUS EDITIONS ARE OBSOLETE.

PROJECT

Miami Harbor Deepening and Widening

HOLE NUMBER

CB-MHO01-20




Hole No.CB—MHO1-21

Im VISTON SHEET |
DRIL'-ING LOG South Atlantic Jacksonville District OF 2
CY 10. SIZE AND TYPE OF BIT See Remarks
Miami Harbor Deepening and Widening VA oF
. oordinales or Station] W f .
X=838,817 Y=522,568 MLW, Horizontal Datum: NADB3, FLEILL
[3_DRICLING AGENCY o
Corps of Engineers o 2ling 1500 2
4. FOLE NO. [As shown on drawing itle " .. h .
and fie nuaber) CB-MHOI-24 disturbed: 15 undisturbed: 0
- 14, TOTAL NUMBER OF CORE BOXES 3 of 3
I Pickett 16. ELEVATION GROUND WATER
6. DIRECTION OF HOLE N cteD
I VERTICAL [JINCLINED 02/27/01 _02/28/01
7 THICKNESS OF BURBEN Z0 P 5 1o5AL oo wecoveRY con Bt 3%
8. DEPTH DRILLED INTO ROCK 31.8 Ft. mm
9. TOTAL DEPTH OF HOLE 43.8 Ft. J. Arthur, PG
[=] wao ~
ELEV. |DEPTH| = CLASSIFICATION OF MATERIALS ORE| s Wi )
u (Description) REC|S BﬁEgABRa’:iI S
w % =1 -
- nz o
-1t3] 0.0 -3 0
4 Silty SAND, fine to medium 3 F
] grained, some small shell [
- fragments, calcareous, it. gray 87 ! SPT 3 N
- (SM) -12.8 4 r
1 4
b 33 SPT 0 F
- 2 25
: -14.3 5 F
3 4 F
- 2711 3 SPT 3
] trace limestone at 4.5 ft. ~f2.8 o ¥
_ 10 r-_s
N 3| 4 SPT 13 F
3 trace linestone at 6.0 ft, ~17.3 —
67| 5 SPT 28 |
; - 21 F
- white, fine grained, no clay at 7.5 16.8 3 15
] ft. [
] 33 6 SPT 15 i
- - 40
. trace limestone at 9.0 ft. 20.3 s T
] a7 SPT ® F
- 15 _—'0
1 medium to coarse grained at 12.0 —2L8
] ft. T
— 27 ] 8 SPT 2
-23.3] 12.0 ] -23.3 nr
LIMESTONE, mod. hard, some 6 F
coarse sand and small shell 21l 8 SPT 4 125
fragments, It. gray -
-24.8] 13.5 -24.8 I
SAND, medium to coarse grained, 6
poorly graded, trace limestone,
small shell fragments, It. gray 310 SPT !
-26.31 15.0 J::) (SP) -26.3 " F 15
11 ] LIMESTONE, mod. hara, some T 3
1T ] fine sand, trace of shell 20| SPT 10 ¥
b ] fragments, It. gray s
-27.8] 18.5 ] -27.8 0 -
- Silty SAND, fine to medium 22 F
7 grained, trace limestone, [
— calcareous, It. gray (SM) Ble SPT 18 175
h -29.3 40
. 40 }
_: 67 | 13 SPT T C
-J30.5] 19.2 1 =-30.5 o T
LIMESTONE, gray, fossififerous s
"7 and sandy, fine to medium [ 20
1 grained, slightly to mod. wea., . L
hard, highly porous and pitted. Hyﬂ.zgrgxhﬂ‘q%;m -
_ 100 |Box | = 100 [
- RQD = 100%
- Low angle open joints: 19.2, 19.8, D.T. = 7 min -
N 20.3, 20.8, 21.5, 21.9, 22.4, 22.8 o ’ [
p ft. [
1 ' —_——— e —_— 25
{continued)
m F?Il 830 PREVIOUS EDITIONS ARE OBSOLETE. PR'OJE.CT . . ) HOLE NUMBER
ART Miami Harbor Deepening and Widening CB-MHO-21




[DRILLING LOG (Cont. Sheet) ™"
1]

ON TOP OF FOLE
-11.3 Ft.

Hole No.CB-MHO01-21
— SHEETZ)

SHEET 2

oF 2
1
Miami Harbor Deepening and Widening I Jacksonville District
ELEV. [DEPTH] 2|  CLASSIFICATION OF MATERIALS  |CORE] Y5 @
& (Description) REC{E D B'?tEgABRa.ﬁrsel Zin
w % |=35 |
pur) wz m
| —33.81225 — e — 1l 2s
Ll Near verical open joint: 21.5 — Fyd. Press; 400 PSI [ .
23.8 ft. H20 Return: 0%
- 100 RGD = 100% -
-_I:'_'l Fragmented: 23.8 - 24.2 ft. =35.1 DI =7 min -
E Box1 Hyd. Press: 500 PSI E
— 25.0 - 25.3 ft, soft, clayey, some 100 H2o petur: DX 25
3] fine to medium sand, poorly e [
cemented, badly braken and 0.T. = 6 min. s
-37.6126.3 . fragmented. -37.6 o
=} Silty SAND,fine grained, 8 I
21<F§q calcareous, olive gray (SM) ar | 1 SPT e F
i - 2715
I1-1] trace limestone 27.8 ft. 39.1 Z:

-39.8| 285 I3 00} 2 | _398 SPT —]
LIMESTONE, fossiliferous, sandy, -
mod. to highly wea., highly -

< porous and pitted, some small H . -
n yd. Press: 250 PSI
= vugs, mod. hard 100 H20 Return: 100% 30
] hard to very hard 29.5 — 30.6 ft. DR‘-?'D:f,‘“’fn "
- hard, fragmented 30.6 — 31.8 ft. -
=43.1 i
low angle open joints: 2B.6, 28.8, -
7 29.2, 29.3, 29.5, 30.3, 30.6 ft. -_325
T mod. hard and highly vuggy with .
n small to farger vugs: 31.8 - 33.2 Box | [
= * Hyd. Press: 200 PSI -
b ; . - 20 H20 Return: 100% [
—: gzdg f|t).orous and pitted: 33.2 RGD = B4% _—35
T X
-47.6]36.3 -
] Silty SAND, fine grained, trace =48.1 C
J limestone, calcareous, It. brown, L
] (SM) Hyd. Press: 350 PSI 37,5
b H20 Return: 75% -
-49.7]138.4 + RQD = 20% L
-] LIMESTONE, fossiliferous, highly [
-50.5]39.2 1 wea., pitted and vuggy, sandy, 5
53] _soft to mod. hard, It. brown /] 8o [
_ 115 Silty SAND, fine grained, trace o
515 140.2 i timestone, It. brown (SM) A 40
- LIMESTONE, highly wea., pitted -
and vuggy, hard, fossiliferous, Box 2 -
highly broken -53.4 [
] low angle open joints; 38.4, 38.8, N
— 39.8, 40.3, 40.6, 40.9, 41.9, 42.2, 425
] 431, 43.5 ft. 75 "
-551]143.8 7 -55.1 [
p . 140# hammer w/30" drop used with [
: Notes: 2.0 split spoon (13/8"LD. x2* }F
h D). 4" X565 i [
- 1. Soils are field visually 0.0.). X 8&'core barrel with 45
- classified in accordance with the -
] Unified Soils Clasification Note: Hole/terminated at -37.6. [
- System. Drilled next day from -37.6 to -
] -55.1. Second setup at [
1 X=838,823, Y=522,556. Two logs -
N SAMPLE SAMPLE LAB p : L
- NO. ELEVATION CLASS. combined into one. 475
. 1 -11.3/-12.8 SP-SN -
] 2 -12.8/14.3 SM F
- ¥Lab visual classification based =
- on gradation curve. No Atterburg L
. Limits. [
i (50
m E'?‘l 830 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT . . . HOLE NUMBER
Miami Harbor Deepening and Widening CB-MHO1-21




Hole Ne. CB-MH90-152

DIVISION INSTALLATION SHEET |
DRILLING LOG South Atlantic Jacksonville oF 1 SKeeTs
T. PROJECT 10. SIZE AND TYPE OF BIT  See Remarks
Miami Harbor Deepening . v HO or
2 LOCATION (Coordinates or Statior) MLW
Jf x =781,832 y = 522,046 2. MAHUFACTURER'S DESIGNATION OF DRILL
3. DRILLING AGENCY Failing 1500
] y Corps of tngineers 13. ;SISENNgAI?;L%\SIETRA-KENlDuTun‘ED guumsrunasp
4. :l&L'E":Ig‘-(::dlhom on i‘:lm title CB—MHgﬂ— _l 52 : L
S HAWE OF DRILLER 114. TOTAL NUMBER CORE BOXES ]
R. Gordon 15. ELEVATION GROUND WATER T-i da]
6. DIRECTION OF HOLE ISTARTED |comPLETED
[XIvERTICAL [[]INCLINED DEG. FROM VERT. '6. DATE HOLE I, 3/]5/90 i 3/]5/90
i 17. ELEVATION TOP OF HOLE -41.0
7. THICKNESS OF OVERBURDEN
18. TOTAL CORE RECOVERY FOR BORING 34 %
Jo- DEPTH DRILLED INTO ROCK 15. SIGNATURE OF INSPECTOR _
|s. ToTaL oePTH OF HOLE 11.0" Geologist, J. Gentile
ELEVATION| DEPTH [LEGEND A eacriptiony | CHIALS zéﬁ%’:‘vg Now=|  Pritting '."_';i;ﬁg;":'s".'".ﬂ'ﬂ"ﬁ’
o b c d [ § g
- Bit or Barrel —
- -
-41.0 0.0 - -41.0 Blows/0.5 FT o
—] ‘gAND, mediur]n tg fine,hqllj]artz, settled |-
— :|trace gravel, trace shell, i —
-42.0 1.0 — . 11'gi?t ?ray, trace clay 4 27 1 Split Spoon 3
<f[ " (SP i -42.5 [ =
;5TISANDSTONE, moderately hard | NO_ [REC |-43.0° Split Spoon 15 }-
: 4 x 5% Dia .
. B.T. 7 min —
LIMESTONE, hard, very foss- 16 H.P. 25 psi —
] “f1iliferous (cemented shell) —
—%15% 1 porous | —
= {SANDSTONE, moderately hard, -46.0 —
—7 -lalternate beds of hard - -3
- ‘|sandstone and timy (SP) sand, 4 x 54 Di —
- tan, thin bedded, porous, X 92 Ula —
— 1s1ightly permeable D.T. 22 win —
— 16 H.P. 75 psi —
3 [
-48.5 7.5 s —
o | liiMeSTONE, very hard, ~49.0 -
=l llcrystalline limestone, —
-— | _|riddled with large open 4 x 5% Dia —
. [[solution holes, some . . -
IT unaltered coral heads, tan- 94 D.T. 17 min —
gray, massive bedded, very H.P. 50 psi =
= 1| permeable : -
-52.0 |11.0- | -52.0 —
= Soils are field visually a9, Pound hamner —
] classified in accordance used on 2.0° s lgt —
— with the Unified Soils spoon P —
= C]aSSTf1cat10n System. (]'3/8" ID x 2" OD) :
- [
= —
— —
FENG FOR PROJECT ] . HOLE NO.
a1 1836 previous eviTions ae ossoLETE. #iami Harbor Deepening ]CB-MHQO—ISZ



TIwIw Svwe

VL LMLV TL

DIVISION INSTALLATION SHEET
DRILLINGLOC | q.ip Atlaptic Jacksopville District OF ] SHEETS
1. PROJECT 10. SIZE AND TYPE OF BIT See Remarks
. . . 11. DATUM F N SHO' "M or MS|
x = 782,594 y = 520,936 12. MANUFACTURER'S DESIGNATION OF ORILL
3. DRILLING AGENCY
. Faili 1500
COI'PS of Engineers Tﬁ%uloi]%io VER- |ou'ruaaso { UNDISTURRBED
4. HOLE'.N'O..f‘:l ashown on drawing !ﬂl'! BURDEN SAMPLES TAKE i
- i CB-MH89-41 14, TOTAL NUMBER CORE BOXES
5. NAME OF DRILLER - l
R. Gordon 15. ELEVATION GROUND WATER T'i da
6. DIRECTION OF HOLE 16. DATE HOL ISTARTED COMPLETED
FJvERTICAL [JINCLINED oEc. From verT. | N 17/20/89 7/20/89
- 17. ELEVATION TOP OF HOLE  _137 7'
7. THICKNESS OF OVERBURDEN -
18. TOTAL CORE RECOVERY FOR BORING /] %
8. PEPTH DRILLED INTO ROCK 5. SIGNATURE OF SPEGTO  GeolOgist
9. TOTAL DEPTH OF HOLE 7 Q' Joe Gentil
CORE
ELEVATION DEI:TH LEGEND CL‘SS'F'CAIL%‘#;,,‘,“TE“'“LS ;'Estégv- sn«nﬁ!!_ (Deitting ﬁz;i;ﬁ;:’z':mﬂ:ﬂb of
a < . 9
- BIT OR BARREL —
— —
~=37.7.40.00 -37.7 RLS/Q.5' —
] SAND, fine to medium, quartz 100 |1 SPLIT Spooy Settied
. ‘| very silty, gray, wet (SM) S
-39.2 11.57- g -39.2 2 g
- : —
- /| SANDSTONE, moderately hard, 80 2 1 E
—_ -| porous, permeable, many seamg, ’ I i
. ‘| loose or poorly cemented -40.7 1
7 | SAND, gray, some fossils - " 9
-41.6 3.9:. 0 -41,6 11 —
— | SANDSTONE, hard porous DIA 4" x 5%" -__-
— || permeable, massive bedc’ied, D.T. 13Xm1n 5"
1 fossiliferous with coral : [
. ) 75 H.P. 50 psi
= 1 heads, gray, vuggy, seams _ —
i} poorly cemented SANDSTONE .
-45.6 7.9 -45.6 T
; -
] Soils are field visually 140# HAMMER WITH 30"  f—
_ classified in accordance DROP USED ON 2.0 [
- with the Unified Soils SPLIT 'S'POON " —
—] Classification System. (1 3/8"1.D. x 2.0"0.D.) —2
; SAMPLE LABORATORY —
- ELEVATION CLASSIFICATION [—
3 -37.7 to -39.2 (SM-SC) * [
- NOTE: -
= * Visual classification —
— based on Gradation Curve. —
- No Atterberg Limits. -
E -
] [
3 [
ENM&:@;?M 1836 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT MIAMI HARBOR | HOEEBt§m89—41
(TRANSLUCENT) DEEPENING




Hole No. CB-MHB89-45
DIVISION INSTALLATION SHEET 1
DRILLING LOG Sonth Atlant-ic lacksonville District OF ] SHEETS
1. PROJECT 10. SIZE AND TYPE OF BIT See Ranarks
Miami Harbor Deepening T DATUN F HOWN or WS|
2. LOCATION (Coordinates or Station)
%= 782,290 y = 522,078 12, MANUFACTURER'S GESIGNATION OF DRILL
3. DRILLING AGENCY Falling§ 1500
Corps Of Engineers 13. TOTAL NO. OF OVER- | o1sTURBED { UNDISTURBED
4. HOLE NO. (A:‘) shown on drawing sm-I: BURDEN SAMPLES TAKEN | 1
o Mo i CB—m89‘45 4 14. TOTAL NUMBER CORE BOXES
. NAME OF DRILLER - 1
Cordon 15. ELEVATION GROUND WATER Tidal
6. DIRECTION OF HOLE 1STARTED |coMPLETED
16. DATE HOLE i H
£ VERTicAL [JINCLINED DEG. FROM VERT. | 8/11/89 :8/11/89
- 17. ELEVATION TOP OF HOLE _37.5
7. THICKNESS OF OVERBURDEN ~
18. TOTAL CORE RECOVERY FOR BORING 40 %
8- DEFTH DRILLED INTO ROCK 19. SIGNATURE OF RIGRERYOR  GeOlOglst
3. TOTAL DEPTH OF HOLE 1/.0' Joe Gentile .
ELEVATION| DEPTH [LEGEND AP oroey \TERIALS ;:::l;:’é‘vE # (Dritting m,:E:.‘::".':ﬁ,.., depth of
: ime, water lows. depth,
a b < d . [} 9
- BIT OR BARREL —
-37.5 0.0 7 - -37.5 BLS/0.5' -
- : ; SAND, fine to medium quartz 1 SPLIT SPOON ST
18.2.10.7 —x “[jand shell fragments, gray, 80 —
-39.0 |1,5—Fudisls|f trace of silt (SP) 2 -39.0 33
- i SANDSTONE, hard, porous, " '"‘8“‘___
. - 66 3 ]
—] H permeable, friable,many —
id seams poorly cemented =40.5 12
- ] SANDSTONE, some seams loose _ 6 =
—] 4 sand, fossiliferous, light 66 4 " 8
— "{gray, massive, moderately -42.0 12
- Ahard, many loose sand seams - F
—] from -38.2 to -39.0 40 5 . _‘;9__7
-43.5 16.0 . -43,5 10 =
1] sANDSTONE, moderately hard, 4O { === |OVERDROVE CASING =
3= 4 porous, permeable " 1" —
7] ‘]: fossilaz_ferous, 1iéht gray, gI% 44 X 5 % —
- sl many seams of very poorly HP. 30 mn —
- i| cemented rock and seams loosq £ psi —
- sand —
—: ] Thin lenses HARD SANDSTONE —
S| from -47.0 to -48.5 -47.0 —
= : SPLIT SPOON ———f—
= 13| 6 s F
-48.5 11.0 -48.5 17 E
= 7| SAND, fine to medium quartz, 7 " S -
u b '} light gray, clean, 207 thin 56 e -
i | sandstone lenses, damp (SP) -50.0 23 I—
3 " i
3 L6 8 R
-51.5 14.6—1. o -51.5 2
- Soils are field visually 1404 HAMMER WITH 30" |
— classified in accordance DROP USED ON 2.0’ —
- with the Unified Soils SPLIT SPOON —
j Classification System. (1 3/8"1.D. x 2.0"0.D.) |=
-~ SAMPLE LABORATORY |
- ELEVATION  CLASSIFICATION —
-] -37.5 to -38.2 (sp} * .
] Note: =
-] * Visual classification —
— based on Gradation Curve. —
- No Atterberg Limits. [
EI':‘GA;ng 1836 ¥REVIOUS EOITIONS ARE OBSOLETE. PROJECT HE% BOR I rg];-EM'I‘—IOS.9—45

{TRANSLUCENT)

4



Nole Mo. (K- - 145

- BIVISION INSTALLATION SHEET
DRILLING LOG South Atlantic Jacksonville District ofF 1 SHEETS
1. PROJECT 10. SIZE AND TYPE OF BIT Sce Remarks
: al'ﬁl Harbor Dee - ]'_n 11. DATUM F LEV. N SHOWN ( or
i faLortecpe o MLW
x = 784,521 y = 521,083 12. WANUFACTURER'S DESIGNATION OF DRILL
3. ORILLING AGENCY Failines -l 500
Gorps of Engineers 13. TOTAL NO.OF OVER- DISTURBED TUNDISTURBED
s, :c:;.‘sl .nm:’ shown on drawing title] BURDEN SAMPLES TAKEN l H
S. NAME OF DRILLER CB_m89—145 14. TOTAL NUMBER CORE BOXES 1
R Gordon 15. ELEVATION GROUND WATER Tidal
6. D.IRECTION OF HOLE 16. DATE HOLE ISTARTED !COMPLETED
)@vsnncu. [O'NcLINED DEG. FROM VERT. . l 8/1/89 } 8/1/89
17. ELEVATION TOP OF HOLE _37 .9
7. THICKNESS OF OVERBURDEN
18. TOTAL CORE RECOVERY FOR BORING 5] %
[°- OEPTH DRILLED IKTO ROCK 19. SIGNATURE OF ¥sPECToR Geologist
EOTAL DEPTH OF HOLE ]7 ' JOe Gen: 3
ELEVATION| DEPTH {LEGEND AP o tie MATERIALS ;é:‘%?";m (Dritling ',"‘:i?:isjl:'s".'",:’.""“."’
a b < d . [
- BIT OR BARREL —
- [~
-37.9 10.07] ] -37.9 BLS/0.5" -
s § SAND, fine to medium quartz split Spoon 2 &
— and sand size shell 56 1 1
— fragments, tan, wet, (SP) -39.4 2
=39.9] 2.03:752 L F
7 LIMESTONE (oolitic) very B |2 S il
- fossiliferous, tan, porous, -40.9 6 I
- T Triddled with seams loose sand| 2 F
—]-~-""land shell, seams. poorly 80 3 " e
I cemented SAND and SHELL, 424 T
=42.4 | 4.5 --—t moderately hard, thin lensep J
37 77| Lhaxd . SANDSTONE -9 -
- 46 4 " 9 -
- SANDSTONE, moderately hard, AP
b . -43.9 20
. porous, permeable, thin 29 —
— bedded, riddled with seams " 1+
3 1loose sand, seams poorly 54 5 R
=45.4 ] 7.577 consolidated SANDSTONE, light] -45.4 13
lgray 2 "
-46.4 | 8,571 Bed (SP) SAND with SAND- 33 6 " S T
— STONE lenses from -45.4 to i ST O VAR S
I -46.4 -2
—] 12 7 " 20 5@,
7 -48.4 33
- T
g A B 33 | 8 " 12
-49.9 1120 1"7|| LIMESTONE, hard | -49.9 23
— T T e REFUSAL |-
—E Soils are field visually 140# HAMMER WITH 30" E
— classified in accordance DROP USED ON 2.0' —
- with the Unified Soils SPLIT SPOON —
— Classification System. (1 3/8"1.D. x 2.0"0.D.) |=
= —
] F
- —
ENG ;95" 1836 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT UTAMI HARROR INOLE no-
(TRANSLUCENT) DEEPENING CB-MH89-145




Hole No. CB-MHS50-154

US Army Corps of Engineers

BIVISION INSTALLATION SHEET |
DRILLING LOG South Atlantic Jacksonville District lor 1 sueeTs
1. PROJECT | 10. s1zE aND TYPE OF BIT See Remarks
Miami Harbor Deepening 11. DATUM HOWN or S
. {2 COCATION (Coordinates or Station) MLW
! x = 781,059 y = 521,174 12. NANUFACTURER'S DESIGNATION OF DRILL
3. DRILLING AGENCY.

Failing 1500

4. HOLE NO. (A:‘) ahown on drawing title|

13. TOTAL KO. OF OV
BURDEN SAMPLES

ER-
TAKER

|o1sTuRBED { UNDISTURBED
{

-

8. DEPTH DRILLED INTO ROCK

and file pumb i CB-MH90-154
S WAVE OF DRILLER 414. TOTAL NUMBER CORE BOXES 2
R. Gordon 15. ELEVATION GROUND WATER Tidal
6. DIRECTION OF HOLE 6. DATE HOLE TSTARTED [comPLETED
[XIVERTICAL [JINCLINED oEG. FROM VERT. | | 3/14/90 i 3/14/90
17. ELEVATION TOP OF HOLE -39.9
7. THICKNESS OF OVERBURDEN -
18. TOTAL CORE RECOVERY FOR BORING 86 %

19. SIGNATURE OF INSPECTOR

ENG FORM 13 36 previous EDITIONS ARE OBSOLETE.

MAR 71

Miami Harbor Deepening

9. TOTAL DEPTH OF HOLE 11.5" Geologist, J. Gentile
. % CORE REMARKS
ELEVATION| DEPTH |LEGEND CLASS'F'C(‘I‘)I..‘::‘b?mATEmALS REE%?{‘I- SA.':S!.E (Drilling !hl-,.l::l:‘r’h_.l.‘g‘ﬂh‘ol
a b 3 L . { 9
E Bit or Barrel —
-39.910.0 — -39.9 Blows/0.5 FT
IT2STONE, ¥ 3
¥ SA ; mode‘rately hard, Split Spoon I
very poroius, permeable, 33 1 1
—41.4 ‘|honey~-combed with voids ~41.4 L —
[fpartly filled with loose Y -
Jisand, riddled with seams Split Spoon Yy
: - 56 2 12~
loose sand, light gray 42.9
—42.9 1SAND, fine to medium, quartz —42. - - 10 -
~43.4 Jdriddled with lenses moder- 100 3 ~43.4 ' 20 I~
-1 ately hard sandstone, clean —
— ! l light gray, moderately har 4 x 5% Dia —
. l saridstone from -42.9 to — _
| 43 .4 100 D.T. 25 min [ =
- L ‘ : LIMESTONE, very bhard, H.P. 60 psi —
crystalline, brittle, }—
] l riddled with solution holes —46.4 -
] [ partly filled with secondary —
— [ I moderately hard limestone, —
] i vuggy, tan, massive bedded, —
. I l a few fossils 4 x 5% Dia —
g7 100 D.T. 38 min -
l H.P. 5C psi —
l | l 0
= —
TR e I -51.4 —
- Soils are field visually 140# hammer with —
- classified in accordance 30" drop used on [
. with the Unified Soils 2.0' split spoon —
— Classification System. (1-3/8" 1D x 2" QD) —
- —
— —
= =
] -
—] [
- —
- [
- ——
3 [
- -
PROJECT HOLE NO.

CB-MH9D-154



“ol. No. LDTINOT=J L

DIVISION INSTALLATION SHEET |
DRILLING LOG South Atlantic Jacksonville District oF 1 SHEETS
1. PROJECT 10. SIZE AND TYPE OF BIT See Remarks
Miami Harbor Deepening 71. DATUM FOR ELEVATION SHOWN (1BM oe WSL) |
|2~ LOCATION (Coordinatea or Station) MLW
x = 779, y = 520,975 2. MANGF ACTURER'S DESIGNATION OF DRILL
3. DRILLING AGENCY Failings 1500
Corps of Engineers 13. TOTAL NO. OF OVER. JOISTURBED TUNDISTURBED
" E NO. AMP i :
. :I:’L"‘.Nm;’lhmon&-m ml«lE CB-MH89-51 BURDEN SAMPLES TAKEN | i
- HAWE OF DRICLER : 14. TOTAL NUMBER CORE BOXES 1
R. Gordon 15. ELEVATION GROUND WATER Tjdal
6. DIRECTION OF HOLE 16. DATE HOLE {STARTED !comm_s?:n
ElverticaL [T}iNcLINED DEG. FROM VERT. ) ! 8-28-89 i
17. ELEVATION TOP OF HOLE —-39.2
7. THICKNESS OF OVERBURDEN
18. TOTAL CORE RECOVERY FOR BORING 80 %
s. DEPTH DRILLED INTO ROCK 195, SIGNATURE OF WREPEERGRY Ceol0gist
9. TOTAL DEPTH OF HoLE 13’ Joe Gentile
ELEVATION| DEPTH |LEGEND A O ey NTERIALS ECO el (Drilling em:i-?:?}?:::,-.xgap(h‘n!
a b c d . § 9
— BIT OR BARREL -
p —
S .
-39.2 f0.0 -39.2  BLS/0.5' —
] SAND, fine to medium quartz, SPLIT SPOON )
] light gray (sP) “Se_t}fg:
- 80 1 -40.7 T
- A
-41.7 p.5s 3 Split Spoon —E
: 2 | -42.2 e
—. LIMESTONE, hard, very 88 12—
-43.0 PB.8 permeable, riddled with DIA 4" x 5-1/2" l—
large solutien holes, D.T. 18 min .
- fossiliferous, tan, H.P. 30 psi —
—44.2 5.0 +1 massive,bed of (SP) -
] ] SAND with many lenses of 43 - [~ -
— ) hard SANDSTONE, from -43.0' —
] l ’ to ';_44%.2; -45.2 -
- [ } DIA 4" x 5-1/2" -
- T i] hard, very porous, riddled D.T. 35 "Hr! -
1 .+ ) with solution holes, tan, 100 - H.P. 45 psi —
—_‘i ! | massive, solid core from [—
T 1 -44.2 to -45.2 sandy, —48.2 C
] ] [’} large solution holes B |
1771 partly filled with DIA 4" x 5-1/2" —
—}i--—-] secondary porous hard D.T. 27 min —
__’:L _i} LIMESTONE from -45.2’ H.P. 40 psi o
o 1|t -51.2° 82 | - =
=/ -50.2 —
—_,[T_l DIA 4" x 5-1/2" —
o N D.T. 16 min —
S - 1 100 = | u.P. 45 psi -
B 1 2 | =52.2 =
- Soils are field visually 1404 Hammer -
. classified in accordance with 30" DROP [
- with the Unified Soils USED ON 2.0° —
— Classification System. SPLIT SPOON —
-] _3/8" [
= SAMPLE LABORATORY ae o —
] ELEVATION CLASSIFICATION T -
] -39.2 to -40.7 (sp) * [
= NOTE : -
s *Visual Classification p
- based on Gradation Curve. —
— No Atterberg Limits. —
ENG FORM 1834 previous EDITIONS ARE OBSOLETE. PROJECT Miami Harbor HOLE Ho.
MAR 71 Deepening CB-MH89-51

fTRANSLUCENT)



Hole No. CB_MH90-160
DIVISiON INSTALLATION SHEET 1
DRILLING LOG South Atlantic Jacksonville District OF 3 SHEETS
1. PROJECT 10. SIZE AND TYPE OF BIT  Sece Remarks )
Miami Harbox De gpeg;ng 1. or oS!
. LOCATION (comnn.u- or Stati MLW
= 778,028 = 520,847 1Z. MANUFAGCTURER'S DESIGNATION OF DRILL
3 onu.l.mc AGENCY ] Failing 1500
US Army Corps of Engineers 13. TOTAL NO. OF OVER- DISTURBED { UNDISTURBED
4. HOLE NO. (As shown on drawing title] BURDEN SAMPLES ?AKEN‘ i
and file numbed ! GB-MH90-160 '
S WAWE OF DRILLER 4 4 14. TOTAL NUMBER CORE BOXES 3
R. Gordon 1S. ELEVATION GROUND WATER Tidal
6. DIRECTION OF HOLE 16. DATE HOLE {STARTED !couPLzYto
@ verTicaL []INCLINED OEG. FROM VERT. | | 4/18/9%0 H 4/17/90
17. ELEVATION TOP OF HOLE -3.0
7. THICKNESS OF OVERBURDEN -
8. TOT AL CORE RECOVERY FOR BORING 66 L3
8. DEPTH DRILLED INTO ROCK 5. SIGNATURE OF INSPECTOR
9. TOTAL DEPTH OF HOLE 47.0" Geologist, J. Gentile
ELEVATION| DEPTH |LEGEND| A ooy N TERIALS RECov: [sAM (Dritting lh:sr:l:'(lsol.. depth of
ERY No. tc., if
a b c d . ] g
= =
] Bit or Barrel —
= -
- -
-3.0 0.0 — —— } -3.0 Blows/0.5 FT JI— >
—3|:d: ;| SAND, fine to medium, quartz settled =
JibyiHitand shell fragments, little Split Spoon [
=4.0 11.0 T ~silt, gray, little shell 46 1 P P -
— (M) f 4.3 S
-] ttl -
= CLAY, slightly plastic, 6 ) . settled
— trace silt, trace to little 0 Split Spoon .
- shell, gray (CL) ~-6.0 3 -
- settled }—
] 0 Split Spoon -
—7.5 14.5 ] -7.5 A
-1 3 2 1ed P —
—_ CLAY, plastic, gray, little 14 sett 5
. shell, trace silt (CH) 93 3 Split Spoon —
- -9.0 v
— . settled p—
= 100 4 Split Spoon -
T -10.5 —
— settled
~ 100 5 Split Spoon -
—] -12.0 —
-] ) settled —
= 20 6 Split Spoon -
-13.5110.57] <13.5 L- r
- EIMESTONE, moderately hard, I
— péreus, slightly petmeable, 26 7 Split Spoon —f—
— very fossiliferous, sandy, - 4 —
_ — riddled with voids filled: -15.0 3
15.0 12'0_ with limy ‘sandy silt, frac~. - F
— tured-voids filled with soft . s —
-16.0(13.0— clay from -13.5 to —15.0 93 8 Split Spoon 22 |
N —
- LIMESTONE, hard, porous, -16.5 32
— slightly permeable, very _
fossiliferous, vuggy, hard - _ i . -
] limestone, sandy with voids 4" x 53" Dia [
— filled with secondary moder- 100 D.T. 14 min =/
. ately hatd ' to 'soft, very _ —
fossiliferous, buff lime- psi wt of rods —
- stone; solid core; completely —
~19.5|16.5~ | |riddled with large solution ~19.5 [
. l l holes filled with secondary . —
soft fossiliferous lime=- ) 58
1 l stone from —-19.5 to -22.5 4" x 5%" Dia .
=1 : -
] I 100 D.T. 21 min —
__] i psi wt of rods —
—22.519.5s4 { | _ -22.5 —
i |
- —
ENG FORM PROJECT - HOLE NO.
MaR 71 1836 PREVIOUS EDITIONS ARE OBSOLETE. Miami Harbor Deepening . ICB-MH90-160



c

ELEVATION TOP OF HOLE
DRILLING LOG (Cont Sheet) ~3.0 Hole No. cr_MH90-160
PROJECT INSTAUATION SHEET 9
Miami Harbor Deepening _ Jacksonville District oF 3 smEETs
% CORE REMARKS
ELEVATION | DEPTH | LEGEND CLASSIHc?I)Kz:ipﬁ:n)MATER'ALS RECOV- | SAMPLE (Drilling time, waler loss, depth of
ERY NO. bering, etc., if significant)
2 b c d e f g
] Bit or Barrel -
-22.8l149.5¢v |\ __ . -22.5 Blows/0.5 FT |-
. — II moderately hard limestone an * 5%" Dia [
~23.3{20.57 -] from -22.5 to -23.5 D.T." 3 min -
:_Ca\ll'\"j large open cavity from -23.5 Y 551 wt °f2§°gs [~
ro =23.
-24.5/21.5- __7jto -24.5 -24.5 %FePP54.5 —
e B ! SAND, fine to medium, quartz, 1~
Split —
= ! many thin lenses hard sand- 33 9 P i Spoon 3 il
- | stone, light gray (SP) -26.0 2 -
. ] 1
= 40 16 Split Spoon 3 -
7 -27.5 5+
2 [ 24~
split § =
. 66 | 11 piit Spoon 5 |-
- -29.0 8 I~
= ry =
— Split Spoon —
3 56 12 P P 4 1
. -30.5 2 -
- Split Sp 2
- oon —
7 40 13 2 -
-32.1 29. T} ) -32.0 8 }—
. r""l LIMESTONE, very hard, many 100 357 -
' l solution holes partly filled ——= 5
3 with secondary moderately . -
‘iL 1 hard fossiliferous limestone, 4" x 55" Dia —
- '1 ‘| tan-gray, massive bedded, 97 D.T. 33 min —
] : I permeable, isolated coral, WP. 50 . [
- T solid core e pst —
T ] L -35.5 —
=36.133.1] l completely riddled with 4" x 5% Dia -
=i l large open solution holes, 100 D.T. 26 min —
— z very permeable, tan, . -
I I limonitic stain from -36.1 ~37.5 H.P. 50 psi —
] to -39.8 : [ 35
~ i l 2" x 2-7/8" Dia [
47 50 D.T. 26 min -
r I
-39.8[36.871. solution holes and voids H.P. 50 psi —
B I filled with secondary, —
1 {ﬁ l porous, fossiliferous, mod- 40-5
- I erately hard limestone from . —
l [ -39.8 to -43.5 2" x 2-7/8" Dia —
- D.T. 22 min —
1.1 69 -
.-_41' H.P. 100 psi -
T 5o
—43.5{40.5 i [ very fossiliferous (cemented -43.5 [
] J shell), porous, tan, masgsive 2 x 2_7/8" Dia —
‘ bedded D.T. 7 min —
] | , 94 H.P. 120 psi —
T I L —45.5 ) i
= 2" x 2-7/8" Dia |-
D.T. 10 min [
- | —
= | I- | 66 H.P. 120 psi —
-47.5044.511 ] —_—— s —
ENG FORM 1836-A (ER 1110-1-1801) GPO 1980 OF - 628~ 603 PROJECT HOLE NO.
JUN &7 Miami Harbor Deepening CB-MH90-16 0




TRSTACCATION

Hole No.CB-MHO01-12
Sl R

SHEET 1
DRILLINB LOG I South Atlantic Jacksonville District OF 2
- PROSECT . o 10. SIZE AND TYPE OF BIT See Remarks
Miami Harbor Deepening and Widening X o
- oordnales or Station/ MLW, Horizontal Datum; NADS3, FLE
X=032.503 Y=521.535 T2 NANOF ACTURER'S DESTGNATION OF DRILT
3. DRICLING AGENCY iing 1
Corps of Engineers .Fa' 'nf 5.00 2
N . [AS shown on drawi : X . .
and fle nuaber) CB-MHOI-12 disturbed: 0 undisturbed: O
- TER 14. TOTAL NUMBER OF CORE BOXES 2 of 2
Pickett 16. ELEVATION GROUND WATER
6. DIRECTION OF HOLE .
BAVERTICAL [JINGLINED 01/31/01 _ 01/31/01
7 TRICKNESS OF BURDEN 0.0 Ft 17. ELEVATION TOP OF HOLE —32.4 Ft.
- e 18, TOT. RE RECOVERY FOR BORING 84.5 X
8. DEPTH DRILLED INTO ROCK 19.5 Ft. %&ﬁ%&éﬂﬂ
9. TOTAL DEPTH OF HOLE 22.6 Ft. J. Arthur, PG
=) we
ELEV. |DEPTH| = CLASSIFICATION OF MATERIALS ORE] i wi
w (Description) REC|2 2 BEMARKS,
w % =1
pur | nZ
-32.4] 0.0 -32.4 0
. LIMESTONE, {t. gr. with brn. B
] stains, fossiliferous, mod. hta C
4 highly wea., hard to very hard, . r
-] highly vuggy, fragmented Hyﬂ'szﬁéihﬁe%;ﬂ C
3 _ ; 88 D.T. = 13 min. r
0.8 - 1.5 ft, highly wea., mod. RGD = 13.3%
= hard, badly broken. -9 (25
] 1.5 - 1.8 ft, mod. wea., very hard, -35.8 [
Y highly vuggy. * -
1 -
1 1.8 — 3.0 ft, highly wea., soft to [
mod. hard, badly broken. -
- Hyd. Press: 700 PSI '_5
- 3.4 - 4.5 ft, highly wea., mod. 100 Box 1 H20 Return: 0% -
h hard, fragmented to badly D.T. = 19 min. o
4 broken. RAD = 27.5% -
b 4.5 - 7.4 ft, mod. to highly wea,, C
. highly vuggy. _30.8 -
I 5.0 - 5.4 ft, mod. hard to hard. 1.5
3 5.4 - 5.8 ft, hard. C
1 g.Bdl— %4 'It, soft to mod. hard, Hyd. Press: 700 PSI .
] adly broken. 100 H20 Return: 0% o
= 7.4 - 9.9 ft, some It. brn. sand B.T. = 17 min. o
1 filled vugs, highly vuggy, mod. to RGD = 40% -
b highly wea., hard to very hard, : C
1| fragmented and badly broken. y
1L 9.9 -12.4 1, no sand, highly -
] wea., mod. hard to hard, —44.8 :
— H fragmented. * -12.5
b Fragmented: 9.9 - 12.4, 13.8 - N
~ 14,2, 18.2 - 19.3 ft. [
= - sl. wea., highly pitted and vuggy -
] with small vugs, very hard at 12.4 Hyd. Press: 550 PSI N
ft. 100 H20 Return: 0% [ 45
UV D.T. = 15 min, R
I Low angle open joints: 13.5, 13.8, RAD = 96.2% [
14.0, 14.2, 16.1, 16.7, 16.8, 17.1, 17.2, * -
] 17.4, 17.86, 18.1, 18.6, 18.8, 19.3 ft. "
4 Box 2 -
9 sl. to mod. wea., small to large X
] vugs at 17.4 ft. -50.0 175
h Mod.to highly wea. at 18.6 ft. [
Badiy broken: 18.6 ~ 18.8 ft. L
_ I 18.8 - 19.3 1, highly vuggy with i
5L91 195 AT Jarge vugs. Ve Hyd. Press: 500 PSI -
— SAND, no recovey 38 HZDOTRZN:;"';‘:"?% [ 20
RGD = 34% r
— —1 A e ———— — — — F25
{continued)
m rw 1830 PREVIOUS EDITIONS ARE OBSOLETE. PROJECY ] o HOLE NUMBER
ART Miami Harbor Deepening and Widening CB-MHO1-12




Hole No.CB—MHO01-12

LE SHEET 2
ORILLING LOG (Cont. Sheet) | -32.4 Ft. OF 2
cT INSYALTATION
Miami Harbor Deepening and Widening I Jacksonville District
[=) ua
ELEV. |OEPTH]| = CLASSIFICATION OF MATERIALS ORE] Ui
@ (Description) REC|EE BHARKS
Y 62
=846 28.8 N =550 — 12
] . 140# hammer w/30" drop used with |
. Notes: 2.0' spiit spoon {13/8"1D. x2* |
- 1. Soils are field visually 0.0, o
h classified in accordance with the 4"X 5.5'core barrel with diamond i
] Unified Soils Clasification bit. [
— System. gl
] s
3 C
] X
- 215
] o
- 30
- 325
] C
> 35
— 375
=] -40
- 425
] C
] C
- 45
- 475
- 50
ENG FORM 1836 PREVIOUS ECITIONS ARE 0BSOLETE. PROJECT _ o HOLE NUMBER
ART Miami Harbor Deepening and Widening CB-MHO1-12




SHEET I

MAR 71

Neananina

DIVISION INSTALLATION ) "
DRILLING LOG South Atlantic Jacksonville District oF 3 SHEETS
[T PROJECT - 10. SIZE AND TYPE oF BIT  See Remarks
Miami Harbor Deepening T NSA o
.| TOCATION (Conrdinates or Station) MLW
b x=776,536 y=520,860 2 umiuncruitgb'é DESIGNATION OF DRILL
3. DRILLING AGENCY Failings
Corps of Engineers 13. TOTAL NO. OF OVER lms-ruuaen T UNDISTURBED
4. r:lerm.dmed‘.m llll'] CB MH89 56 BURDEN SAMPLES TAKEN H
. NAME OF DRILLER 14. TOTAL NUMBER CORE BOXES 3
Gordon 15. ELEVATION GROUND WATER Tidal
€. DIRECTION OF HOLE 16. DATE HOLE |STARTED | COMPLETED
CJverTicAL []JINCLINED DEG. FROM VERT. | ‘ 9-18-89 9-18-89
17. ELEVATION TOP OF HOLE —2 .8
7. THICKNESS OF OVERBURDEN
18. TOTAL CORE RECOVERY FOR BORING 63 %
®. DEPTH DRILLED INTO ROCK 9. SIGNATURE OF INSPECTOR
s. TOTAL DEPTH OF HOLE 47 Geo] ogist Joe Gentile
ELEVATION| DEPTH [LEGEND, CLASS‘F'C(AD.I;'.?@?F MATERIALS :E:C:O:VE- wf’hiﬂh‘ lh:E:lAIEIKlsoll. depth of
- ! etc., if h )
a b e d D 1 P
- Bit or Barrel —
= =
-2.8' 0.0 T -2.8' BLS/0.5' |
| | SAND, fine quartz, shelly, Settled
=¥ silty, gray, wet (SM) 1 Split Spoon —
4.8 .o 3 =
— ! ' SILT, gray, damp, little —
o I clay (ML) —
! 27 —
E z 5
10.3 {7.5 3 -10.3 . E
Y
3 Silt, slightly plasti settled 1
- j1t, slightly plastic, =
_ 5 | clayey, trace shell from Split Spoon —
] -10.3 to -14.8 33 3 - E
=) CE
pe—— ‘ 1O
- [ -
- ) L E
-14.8 112.0P°) 1) | bed of silty shell from -14.8 l —
753 12593739 -14.8 to -15.3 T
—- . H72
T TI LIMESTONE, moderately hard,| 73 | 4 |q6.37 = P
T I porous, permeable, vuggy, -
—)— voids filled with poorly A
=T 71 cemented sANDSTONE and 12 =
— -+ loose sand, massive, 80 5 |-17.8 18 | .-
477 T fossiliferous, very sandy, 0 5
-18.8 {16 OZ:ZT. tan-gray. 80 6 |-18.8 Ep 1=
-] L—.« LIMESTONE, hard, solid corej DIA 4n x 5 ]_/é"_m - —
— | | porous, permeab1e vuggy, -
. solution holes filled with | 100 - D.T. 10 min —
—t7—1{ friable SANDSTONE, tan-gray H.P. 20 psi —
| I Ll massive fossiliferous, very —
1 sandy. —
—1 { T -21.8
-22.3 {19.57 - . -
ENG FORM 18 34 previous EDITIONS ARE OBSOLETE. PROJECT Miami Harbor HOLE NO.

MR-MHRA_RA



\

ELEVATION YOP OF HOLE
lozlums LOG (Cont Sheet}|"™*"" Hole No. CBHBS-56
PR
"Miami Harbor Deepening "4 SOnville District sweet 2
of 3 sHeers
ELEVATION DEPTH LEGEND ClASSIFIC?Eﬁ:)ﬁ:”MATERIALS Z.Eggsm (Drilling tim:E t:tk::slon, depth of
ERY NO. weathering, eic., if significant)
a b < d e f g
BIT OR BARREL [
-22.3 BLS/0.5' -
SANDSTONE, moderately hard, | | | . .~ " F,
porous, permeable, riddied DIA 4" x 5-1/2" —
with seams poorly cemented D 34 mi =
SANDSTONE and seams of loose| °3 - H.TP' 70 min -
i . .P. si —
_24.‘8 | sand, light gray A P =
SAND, fine to medium quartz, . Settled }-
clean, tan, trace shell, 60 7 Split Spoon [
wet (SP) : —
-27.3 | -27.3 ‘ =
LIMESTONE, very hard, dense,|100 -1.-27.8 DIA 4" x 5-1/2" -
slightly fossiliferous, tan, DIA 4™ x 5-1/2°7 _
-28.9 redeposited crystalline D.T. 11 min —
LIMESTONE T H.P. 40 psi —
LIMESTONE, soft, weathered, 90 _ —
chalky, friable, fossili- -
ferous, white,massive, 30.8 —
-31.1 y
) porous, non-permeable.bed -
‘quartz, SAND (SP) from 25 g | DIA 4" x 5-1/2" —
-32.3 -31.1 to -32.3. D.T. 19 min —
H.P. 30 psi —
) -32.8 meh
LIMESTONE, moderately hard, R
porous, permeable, weathered| Split Spoon R
fossiliferous, completely 33 _ — =
riddled with solution holes, -34.3 12—
-35.3 tan, massive. Split Spoon 15
= 73 - -35.8 210 —
_ LIMESTONE, hard, porous, W 0
L permeable, vuggy, riddled DIA 4% x 5-1/2 —
] | | with large open solution D.T. 36 min —
. holes, slightly fossili- 76 - . —
— ferous, tan, massive. H.P. 50 psi g
Sl =
- l -
—] I -
=N -40.8 —
___l.T DIA 4" x 5-1/2" -
] D.T. 21 min —
—I [ 66 _ | H.P. 70 psi =
- |
-43.8 | 41.07 I -43.8 -
- SANDSTONE, hard, porous DIA 4" x 5-1/2 =
i slightly permeable, well D.T. 15 win —
— cemented, very fossili- 100 - H.P. 50 psi [
ferous, tan, massive, e psi [~
7 solid core. =
D o -46.8 [
ENG FORM _ (ER 1110-1-1801) PO 1980 OF - 628 603 rmoxcr  Miami Harbor HOLE NO.
ey 1836-A wor Deepening CB-MH89-56




DRILLING LOG (Cont Sheei)rl

EVATION TOP OF HOILE

Hole No. CB-MH89-56

PROJECT . INSTALLATION | . . SHeeET 3
Miami Harbor Deepening | Jacksonville District o 3 sueers
ELEVATION | DEPTH | LEGEND CLASSlFIC?‘gg:,p?;:..:MTER.ALS ;‘Eggf SAMPLE (Drilling {imE.E ':l:;':sl_on,' depth of
ERY NO. ng, efc., & 7 )
a b c d e f [3
- BIT OR BARREL —
= -46.8 BLS/0.5' -
n DIA 4" x 5-1/2" —
- D.T. 12 min [
- H.P. 40 psi -
9.8 [47.0 100 | - |-49.8 —
E Soils are field visually 140# Hammer :—
- classified in accordance with 30" DROP -~
- with the Unified Soils USED ON 2.0' [
- Classification System. Split Spoon —
- ‘ { (13/8" 1.D. x -
3 SAMPLE LABORATORY 2" 0.D.) -
] - ELEVATION  ~ANALYSIS —
- -2.8 to-4.8 (SC)* [
= -4.8 to-10.3  (CL)* il
] Note: , . -
T *Visual Classification il
- based on Gradation Curve.. —
- No Atterberg Limits. —
- —
= —
. [
] i
-] -
3 =
- -
= -
] [
— -
ENG FORM . (ER 1110-1-1801) GRO 1980 OF - 628 603 moxcs  Miami Harbor HOLE NO.
an o7 1836-A ° * Deepening CB-MH89-56

i




Hole No.CB-MHO1-13
a,

SHEET 1
DRILLING LOG I South Atlantic Jacksonville District OF |
10. SIZE AND TYPE OF BIT See Remark
Miami Harbor Deepening and Widening W - ; r
X oordinales or Statlon] ; .
X=831232 Y=521,423 MLW, Horizonatal Datum: NADB3, FLE .
3. DRILLING AGENCY e
Corps of Engineers 'Fallm 15’00 T
N . TAS shown on draw : . " .
and fAe number) CB=MHOI-13 disturbed: 3 undisturbed: 0
. 14. TOTAL NUMBER OF CORE BOXES 2 of 2
Pickett 16. ELEVATION GROUND WATER
6. DIRECTION OF HOLE N
CAVERTICAL [ZJINCLINED 03/06/01 03/06/01
7. THIGKNESS OF BURDEN 24 FL. - Tota cone Rsovens on BonPR TET T
8. DEPTH ORILLEOD INTO ROCK 13.8 Ft. m -
9. TOTAL DEPTH OF HOLE 16.3 Ft. J. Arthur, PG
Q we ~
ELEV. |[DEPTH| Z CLASSIFICATION OF MATERIALS ORE] — wi v
& (Description) REC|E 2 BﬁE:AB':Ksl X
2 x |25 rre S
- mnz [+1]
~-38.6 -38.6 0
Silty SAND, fine grained, trace of WOH }
smalt shells fragments, wor F
calcareous, gray. (SM) 3| SPT -
WOH o
-40.6 -40.6 WOH |
LIMESTONE, fossiiferous, mod. to 421 2 | -410 SPT 17
T highly wea., very hard, highly 36 25
4 vugay, It. gray. T
L} 2.4- 311t badly broken. 3
T 34- 7.4 1t, clay filed vugs with Hygég’gsf 300 PSI s
] fine crystal coating, mod. 100 % _ezurn. 0% [ ¢
weathered. RGD = 38"1“;‘ -
1 b [
I ow angle irregular open joints: s
3.1, 3.5,37, 4.4, 48,52, 563,59, C
4 6.1, 6.4, 6.8, 6.9,7.1,7.4, 8.1, 88 X
] and 9.6 ft. Box 1l -46.0 "
-] 7.4 - 121 ft, no clay in vugs. —1.5
" Hyd. Press: 200 PSI C
T 100 H20 Return: 0% B 0
Low angle irregular open joints. RGD = 100% [
b 10.2, 10.9, 1.5, 12,1, 12.5, 12.7, 13.2, R
] 13.7, 14.0, 14.2 and 14.4 ft. [
] 12,1 - 14.4 ft, mod. vuggy with =50.7 "
— small vugs, fine crystal coating -12.5
b inside vugs, sl. to mod. wea. Hyd. Pr