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A geographic database of Port Canaveral was constructed for use in these simulations.
This database, a “model of the luture™, included a dredge plan to modify/widen part of
the entrance channel, the channel through the harbor, and the turning basin area at the
Western end of the port,

Two vessels were used in the simulations: “Genesis”™ (L.OA 361.5m, Deam 47m,
Draft 9.2m) a cruise vessel, and the tanker “Jupiter” (LOA 244m, Beam 42m, Draft 12m)
partially loaded, and ballasted (Drall . 3m).

1} Does this “improved channel” provide ample width for transit of these vessels in the
environmental conditions of wind and current as tested? Comments?
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2) Depths in the channel arc 44 feet in the entrance channel, and 41 feet in the harbor
proper and turning areas. Is this depth adeguate for the vessels, especially the “Jupiter”
with a draft of 1% melers (approximalely 39 i"m,l}f‘ Comments?
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3) “Jupiter” is expected to utilize the Middle Turning Basin into or oul ol the berth. Does
the Middle tuming basin area provide ample mancuver room for this operation in the
cﬂndr,tmus tn,sirad'?
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4) “Genesis” will utilize the West Turning Basin. Does the additional dredging in this
arca provide ampic mancuver room for this ﬂpemmn in cnndlfmnh tested? CUmmg,ms 2
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STAR Center Port Canaveral Evaluation 2009

1 STUDY OVERVIEW

This report describes the methodology and the results obtained from the simulation based
evaluation of navigation channel improvement designs at Port Canaveral, Florida. The
Port Canaveral Authorities plan to increase channel depth, and in places, expand channel
width to provide increased safety and facilitate accessibility by larger and future visiting
vessels. The objective of this study was to examine the two expansion dredge plans to
determine which of the plans would provide safe passage for these vessels in normal to
more extreme environmental conditions of wind and tidal current. The simulations were
performed at the STAR Center in Dania Beach, Florida during three days of testing
during the period 3-5 June 2009 using STAR Center’s 360° field-of-view, shiphandling
simulator.

The expansion designs are designated as Plan A and Plan B. Both plans effect the same
general locations but the channel expansions in Plan A provide a larger/wider navigable
area than the dimensions of Plan B. Both of the plans provide for identical increases in
channel depths. In cooperation with the US Army Corps of Engineers, the Port has
selected two “design vessels” to be used in simulations. The design vessels selected were
a large Azipod propelled Cruise vessel and a product Tanker considered to be
representative of larger vessels utilizing the facilities at the port now or in the future.
Since the focus of the evaluation was vessel safety in all conditions, maximum credible
worse-case environmental conditions of wind and current were simulated during each
simulation run. Experienced Port Canaveral Pilots actively participated in the evaluation
by controlling the simulated ships from the simulator wheelhouse and providing their
professional opinion based on their experience and observations on the simulator.
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2 SIMULATOR AND SIMULATION MODELS

The simulation runs for the study were conducted on STAR Center's full-mission bridge
simulator. STAR Center’s simulator bridge is a full-size replica of a commercial vessel’s
wheelhouse. The simulator presents a 360° panoramic out-the-window view from the
wheelhouse. Wheelhouse instrumentation includes two ARPA/Radar displays and a CRT
presentation referred to as the ship’s “conning page” which provides information on
rudder position, thruster setting, true and relative wind speed, transverse, and lateral
speed of the vessel, in a single location. The equipment on the simulator bridge can be
configured to replicate the bridge arrangement of any merchant vessel.

Taken together, this provided for a highly realistic work environment for the participating
Port Canaveral Pilots. Relevant details regarding the configuration of the simulation
models are provided in the following sections.

2.1 Ship Response Models

Two different ships from STAR Center's library of ship response models were used.
They included the FREEDOM OF THE SEAS, the first build of a class of large cruise
ships that may routinely call at the Port in the future. The second ship was the Jupiter, a
moderate sized tanker that is representative of the deepest draft vessels that the channel
improvements will accommodate.

Ship characteristics relevant to this evaluation are discussed below. Appendix A shows
the particulars for each ship as modeled.

2.1.1 FREEDOM OF THE SEAS

The FREEDOM OF THE SEAS is a large cruise ship with a LOA of 1,111.6 feet, a beam
of 126.6 feet and draft of 27.9 feet. Exercises on the FREEDOM were completed without
use of assist tugs because passenger ships rarely require assist tugs. This is possible
because modern passenger ships are equipped with maneuvering aids designed to
improve slow speed maneuvering and ship self-sufficiency during port transits, docking
and undockings. The FREEDOM is equipped with four powerful side thrusters at the
bow and azi-pod propulsion at the stern.

With respect to this evaluation, it is the FREEDOM's length that will challenge the
channel widths in the alternative plans. This is because longer ships require wider
channels when they are turning and when they must "crab™ to counter the effects of the
winds and currents used during channel transits.

2.1.2 Jupiter

The Jupiter is a relatively large tanker for the Port due to its draft.  The ship's LOA is
800 feet and beam is 137.8 feet. A partially loaded version of the vessel was loaded on
an even keel draft of 39.4 feet displacing 97,200 tons was used for inbound transits. A
ballasted version drawing 27.2 feet aft and 18.7 feet forward and displacing 54,260 tons
was used for outbound transits. Note that a fully loaded tanker of similar length and

! Crab angle- or drift angle — difference between course steered and the course made good usually due to
the action of current or wind. This effectively increases the footprint of a vessel lessening channel
maneuver room
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breath would displace around 120,000 tons and draw 48 feet. All transits on the Jupiter
were conducted with tug assistance.

The ship’s key characteristics with respect to evaluating the channel design were her draft
and low engine power relative to displacement during inbound transits on the partially
loaded ship. During outbound transits, the ballasted version of the ship was more wind
sensitive and this provided an opportunity to look at how the channel designs faired with
a low powered, wind sensitive ship in the high wind conditions.

2.1.3 Assist Tug Modeling and Deployment

Three harbor assistance tugs were used by the Pilots for simulation runs on the Jupiter.
The tugs were configured to replicate the power and performance characteristics of three
tugs presently serving the port. The bollard pulls (BP) used on the simulator was
estimated based on the rated horsepower and mechanical efficiency of the tug type as
indicated below.

e Elizabeth - 3000 hp conventional - estimated BP at 100% Power = 40 tons
e Michael - 3000 hp conventional - estimated BP at 100% Power = 40 tons
e Eagle - 4000 hp tractor - estimated BP at 100% Power = 52 tons

The tugs were made fast at the start of every exercise on the Jupiter. Per the Pilots
direction, the same deployment scheme was used each exercise. The Elizabeth and
Michael were made fast on the port and starboard bow respectively and the Eagle at the
stern with a line through the centerline chock. The Pilots controlled the tugs by
communicating with the tug Captains (simulator operator) using a hand-held radio. The
tug was identified by name, the direction of the tug relative to the ships side was ordered
and the engine power setting was ordered, e.g, “Bow Tug” push half ahead at 90
degrees".

The simulator operator activated the tug by assigning a direction of action relative to the
ship's centerline and tons of force based on the engine power. The only exception to this
procedure occurred when the ship was moving too fast for the tug to deliver full power.
In those instances, the simulator operator reduced the tug force as appropriate to the ship
speed through the water and the type of tug being simulated (i.e., conventional propulsion
vs. azimuth propulsion).

2.2 Simulator Geographic Model

The geographic model presents a realistic out-of -window visual display using Computer
Generated Image (CGI) technology, and a corresponding radar image on the radar
displays located on the simulator’s navigation bridge. The visual and radar models
incorporate landmass, terrain elevations, aids to navigation, piers, jetties, bridges,
buildings, towers, and other characteristics of the modeled geographic area, and displays
other vessels and aircraft.

Specific structures, buildings, stacks, key landmarks, and other prominent features that
can be used as visual cues by the pilots when handling ships in the port are identified for
inclusion in the 3- dimensional visual scene.
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2.2.1 Channel Improvement Modeling

STAR Center possessed an accurate computer model of Port Canaveral that had been
created for a prior evaluation. This geographic database and bathymetric model was
modified to reflect dredge plans A and B provided by the Port’s consulting firm.  The
following table quantifies the main differences between Plan A and B. Details of the
alternative plans are shown on the engineering drawings in the attached appendices.

HARBOR FEATURE PLAN A PLAN B
Entrance Channel turn widener surface area 22.2 acres surface area 11.14 acres
Middle and Inner Reaches widening (along 100 feet over 500 ft. length | 50 feet over 450 ft. length
north side) (i.e. 50,000 ft?) i.e. (i.e. 22,500 ft%)
West Access Channel widening 100 feet on south side no change from width
13 feet on north side
West Basin Turning Basin 1725 feet diameter 1675 feet diameter

When reviewing the engineering drawings, note that both plans deepen to the same
depths and widen the navigation channels in the same general areas. Both add new berths
and both remove land areas to increase the size of the West Basin however, Plan A
provides for wider navigational channels and maneuvering areas.

2.2.2  Other Ship Traffic

Only one-way traffic was simulated so there was only one ship underway during the
simulations however, a ship, appropriate in size and type to each berth, was moored
alongside at all of the Port's berths. The specific ship selected for a berth was the one
with the widest beam likely to dock at that particular berth. This provided for a worse
case analysis of the Plans since the ships at berth reduced the available maneuvering area
by their beam widths.

Future passenger and cargo ship berths were also included in the simulator databases of
Plans A and B and occupied by a ship as well. These included future berths CT6/7,
CT12, NCP5, NCP6 and NCP7. The ships at berth are shown on the attached track plots
and a list showing the ship name/type and dimensions at each berth is included in the
attached appendices.

2.2.3 Depth Modeling

The depth files used for harbor simulation represent the bathymetric definition of the
waterway that included bottom contours and shoals and the navigation channels and
channel banks, turning basins, and berth dimensions. The bathymetric model provides an
extremely important input and is fundamental to providing a high fidelity simulation.
Underkeel clearance and proximity to banks and other underwater features have a
fundamental and important effect on the maneuvering characteristics of the ship response
models.

Project depths are the same for both Plans A and B (except as dictated by the differences
in areas effected) and represent an increase over the Port's existing depths. With respect
to impact on the simulation analysis, the channel depths of most interest were those in the
areas traversed by the Jupiter when partially loaded to a draft of 39.4 feet. This included
the Outer, Middle and Inner Reaches. Channel depths in the West Access Channel and
West Basin (not normally used by tankers) were of less importance to the evaluation
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because of the relatively shallow draft of the FREEDOM, which at 27.9 feet, is typical for
large modern passenger ships.

The following table shows the existing channel depths, and the depths as modeled in the
areas traversed during the simulation tests.

HARBOR FEATURE EXISTING SIMULATED
DEPTH DEPTH
(2009 evaluation)

Entrance Channel (Outer Reach) 44 feet 46 feet
Middle Reach 44 feet 46 feet
Inner Reach 40 feet 44 feet
West Access Channel (east of Sta. 260) 39 feet 43 feet
West Access Channel (west of Sta. 260) 31 & 35 feet 35 feet
West Basin Turn Area 31 & 35 feet 35 feet

The water level was held at datum (i.e., the project depths) during the simulation
evaluations to provide for a worse-case analysis. A detailed breakdown of the project
proposed depths as prepared by the Port's engineering consulting firm is provided in the
attached appendices.

2.2.4 Aids to Navigation

Accurate positioning of fixed and floating aids (buoys) to navigation is an essential part
of the visual database. The key aids to navigation used in the evaluation included buoys
marking the channel limits and range markers marking the centerline of the middle and
inner harbor reaches for each alternative channel plan. The Port Canaveral Pilots worked
with STAR Center technicians to position buoys at the most appropriate locations to
conform to the Plan boundaries.

The existing inbound channel range markers were shifted slightly north in the alternative
Plan A and B geographic models to align them with the new channel centerline created
by widening and straightening of this channel. In addition, a new outbound range was
created in the simulator model to provide a visual cue for the new channel centerlines
when transiting the port outbound.

2.3 Environmental Conditions

Since the objective of the evaluation was to compare the navigational safety of the
alternative plans, maximum credible adverse environmental conditions of both wind and
current were used during all simulations. The Port Canaveral Pilots and Port
representatives identified the specific conditions that met these criteria.

According to comments made by the participating Pilots, the wind and current effects that
were simulated were deemed to produce a very realistic effect on the handling of both
ship response models. The specific conditions modeled were as follows.

2.3.1 Wind Modeling

Winds ranging up to a maximum of 40 knots were used. The general approach was to
vary the wind within a five-knot range and set the wind direction at right angles to the
inner harbor reaches that is from either the north or the south when the scenario included
a transit through these reaches.. A NE wind was simulated for exercises that looked at
the most extreme wind conditions in the entrance channel (i.e., 40 knots).
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Wind forces are automatically calculated on the simulator based upon wind speed and
direction relative to the ship’s heading, and the aerodynamic coefficients of the wind
profile of each ship response model. The large profile presented by today’s large
passenger cruise vessels result in a substantial impact on shiphandling due to wind
effects. The tanker is less affected by the wind in the partially loaded condition due to its
deep draft, broad beam, low freeboard and minimal superstructure in comparison to the
passenger ships. In ballast condition however, the tanker would experience slightly more
of the wind effect. The relative force of the wind on each of the test ships can be
compared by comparing the beam on surface area of each ship as noted in table of ship's
principle particulars in the appendices.

2.3.2 Current Modeling

The Pilots provided information on the expected direction and velocity of the current
based on the wind direction and speed. They noted that wind driven currents exist
offshore in the approaches to Port Canaveral, but are minimal in the harbor itself.

The only current simulated was therefore in the approach channel where these currents
runs parallel (north and south) to the shoreline. Since currents in this area are wind
driven, the effect of the current on the ship’s submerged hull was added to that produced
by the wind on the ship’s exposed hull and house to provide a worse case condition
during the testing. A wind from the north therefore generated a current setting the ship
south and visa versa for a southerly wind.

Besides setting a ship in the Entrance Channel, the current produces a strong "shear"
effect as a ship enters or leaves the breakwater. The shear is more of a safety concern for
an inbound ship because the ship handler has the option of increasing engine speed and
accelerating the ship when outbound; increasing speed on the inbound vessel is not a
desirable option. The shear effect is caused by the bow entering sheltered water while the
stern is still out in the current stream which twists the ship into a sudden yaw.

The current speed was set to maximum velocity for a given wind speed and direction,
which assumed a prolonged blow from the direction being tested. Current speed for
northerly winds was limited to a southerly set of 0.5 knots due to the limited fetch
(intervening land mass) lying to the north of the port. This was adjusted downward from
the 1.0 and .75 knots that was originally planned. The maximum northerly set tested was
1.0 knot since open water lies to the south of the Port.
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3 SIMULATION PROCEDURES
The simulation procedures used during this evaluation are discussed below.

3.1 Participants

Two of Port Canaveral's Pilots participated in the study by handling the simulated ships
and by assisting with fine-tuning of the simulation models and the operational procedures
and environmental conditions used during the simulations.

Other persons representing organizations with vested interests in the project were present
to observe the simulations. This included representative from Port Canaveral and the
engineering consultant firms involved in the development of the designs under
evaluation. Also present were representatives from the US Army Corps of Engineers
Waterways Experiment Station and the Jacksonville District. These individuals helped
shape the direction of the testing program by providing valuable insight into project
details such as engineering design criteria and operational priorities.

STAR Center’s Senior Researcher and a consultant to STAR Center observed simulated
transits, noted results and conducted debriefings after each test run. STAR Center also
provided an experienced helmsman to steer the ship under the Pilots’ direction and a
simulator operator to configure the simulator, monitor proper operation of the simulator,
control the assist tugs, capture data, and make track plots for each test run.

3.2  Wheelhouse Procedures

The simulation exercises consisted of a number of partial inbound and outbound transits
and maneuvers with a Port Canaveral Pilot controlling the vessel from the simulator
wheelhouse just as he would in actual practice. The Pilots took turns conning the ships
so that each Pilot could rest between exercises as well as observe the other Pilot’s
activities. Prior to commencing each exercise, the Pilot at the con was briefed on the test
conditions, including the vessel’s position, starting speed, load condition if applicable,
and the wind and current conditions to be expected. The Pilots started with a
familiarization exercise on each ship prior to starting the formal test exercises that were
recorded for analysis.

Real-world navigational procedures were used during the exercises so far as practical
including real-world commands and the simulated transits occurred in “real-time”. The
Pilot conned the ship and controlled the bow thruster and engines using the controls on
the main consoles. The qualified helmsman was available to steer the ship under the
Pilots direction when he chose to control the ship in this manner. The tugs were
controlled via hand-held radio communication with the tug Captains (i.e., the simulator
operator). The Pilot monitored the ship position relative to the channel boundaries, aids
to navigation and ships at berths using the out the window view, by observing the
simulator's birds eye plan view and by asking the simulator operator to feedback
distances from obstructions or fixed objects.

3.3 Data Collection Procedures

The simulator automatically recorded information during each exercise. This includes
the vessel’s trajectory and heading and information relating to control settings including a
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continuous record of each tug's direction and power output. This information was used to
generate the attached track plots and to calculate average ships speed and rates of turn. It
was also archived so that the test runs can be played back at a later date or if further
analysis is needed.

The Pilots filled out a “Run Evaluation Form” after every exercise. This form solicited
specific questions about the just completed test run based on: adherence to intended track
line, vessel controllability, and adequacy of assist tugs and overall safety and task
difficulty. The Pilots also summarized their opinions regarding the overall test program
and operation evaluation by completing a “Final Evaluation Form” after all simulator
testing was completed. Comments from this form were used in the formulation of the
conclusions appearing in this report. STAR Center’s project team kept notes regarding
each simulator test and noted simulator specific factors that might influence the
interpretation of results. Copies of all Exercise and Final Evaluation Forms are included
in the attached appendices.

3.4 Special Procedures

Their will always be differences between the simulated environment and the real world
regardless of how sophisticate the simulator. STAR Center has therefore developed a
number of special operating procedures to mitigate the effect of these differences on the
performance of the shiphandler on the simulator bridge. Some of the principle
procedures are discussed below.

3.4.1 Ship Control Procedures on the FREEDOM

The normal real-world practice for maneuvering modern cruise ships in confined Port
areas is that the ship's Master maintains the con and manipulates the ship's steering and
propulsions controls. The Port Pilot acts as an advisor with regard to local knowledge
and Port practices and procedures (e.g., speed limits, passing/meeting, dock line
placement, etc.). This is the case because specialized knowledge and familiarity with the
ship's systems is necessary. For example, the FREEDOM is equipped with a
sophisticated dynamic positioning system mode that puts many control functions under
computer controlled. However, when maneuvering a modern azipod and bow thruster
equipped cruise ship in confined waters, the shiphandler has a number of simpler
operational modes that can be used to control the ship.

During simulations, the FREEDOM was conned by the Pilots from the centerline console
where the azipod controls were located, and from which all indicators, radars and
navigation equipment could be seen. The ships dynamic positioning maneuvering mode
was not used. The pilots were however given the opportunity to practice handling the
FREEDOM using the following simpler control modes.

e Combi Mode — ship steers much like a conventional ship, the azi pods turn under
helm control and propeller RPM for each pod changes in unison per a single
throttle lever

e AziMan - azi-pods are controlled independently, usually one is used as a stern
thruster and the other used to control fore and aft speed

The ship's four powerful bow thrusters and engines were under direct Pilot control in
both of the above maneuvering modes. When in the Combi mode, the Pilot could steer
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the ship himself using a mini-wheel on the console or he could delegate the steering task
to the helmsman. Simply stated, the AziMan mode provides the shiphandler with more
positive control at low speeds while the Combi mode is better for higher ship speeds.
Making a distinction between the ships control modes is important because the ship
handler can drastically reduce a ships crab angle in high wind conditions by switching
from Combi to AziMan mode.

The usual progression of control is that an inbound ship would be in the Combi mode in
the Entrance Channel and be changed over to the AziMan mode in the more confined
inner harbor areas.

3.4.2 Bridge Wing View

During simulation, the normal position of the eye point represented by the simulators out-
the window view is in the center of the simulator wheelhouse. Close quarters
maneuvering such as docking and undocking often requires that the shiphandler work
from the bridge wing in order to observe the clearance to moored vessels or shore side
structures. In the real world, this is accomplished by merely walking out to the ships
wing.

On the simulator the ability to view the operation from the bridge wing is facilitated by
moving the eye point of the visual scene laterally to the outer edge of the simulated ship’s
side, or in the case of some vessels, to the extended bridge wing beyond the ship’s beam.
This permits the shiphandler to see the entire side of the vessel near the pier, to look
around obstructions such as cranes or deck cargo on the foredeck, or to view objects that
are astern of the ship.

3.4.3 "Birds Eye View"

For docking maneuvers and turning around in the turning basin, a “bird’s-eye view”
display was provided on the console. This display provides a plan view of the harbor
area and is similar in some respects to an ECDIS (Electronic Chart Data Information
System), lacking only the detailed chart information.

Page 9 of 16



STAR Center Port Canaveral Evaluation 2009

4 RESULTS

Testing took place during three consecutive days in June 2009. A test plan consisting of
16 scenarios was used as the basis of the program. Additional runs were added as time
and conditions allowed so that a total of 20 simulation exercises were completed. In all,
18 exercises were retained for analysis and 2 were discarded because simulation related
factors rendered their results unusable.

The test plan provided a head to head comparison of the Plans by simulating identical
conditions for Plan A and Plan B. This included wind, current, ship and direction of
transit. Exercises were numbered sequentially with Plan A first then Plan B under the
identical conditions; an odd number was assigned to an exercise using Plan A and an
even number assigned to an exercise in Plan B.

While the exercises have sequential numbers, the exercises were not run in their
sequential order on the simulator. That is, the order that the Pilots actually completed the
exercises was randomized except that exercise on the first day of testing used the Jupiter
exclusively and exercises on days 2 and 3 were with the FREEDOM exclusively.
Alternating between test conditions helped to prevent a learning effect due to the back to
back running of the exact same conditions twice in a row. A table listing all completed
exercises and associated test conditions is provided in the attached appendices.

4.1 Criteria for Evaluating Results

The following are the main factors that were considered during evaluating and
interpretation of the results of the simulation tests.

4.1.1 Pilots Overall Safety Rating

Since the simulations considered the maximum credible adverse environmental
conditions, a key factor in the comparison of the plans is their relative safety. As noted
earlier, the Pilots filled out an “Run Evaluation Form” after every test run which included
an Overall Safety rating. The rating assigned by the Pilots was based on a 5 point scale
where a rating of 5 = “Absolutely Safe” and a Rating of 1 = “Not at All Safe”. The
overall safety rating for each exercise is documented in these Debriefing Forms and is
therefore reported is this section.

4.1.2 Surge Effects

Hydraulic effects caused by the displacement of a large volume of water during the
passage of vessels transiting the channel can cause problems in the Trident Basin, home
to Navy submarines and other support vessels or any passenger vessels moored at the
outer cruise terminal docks (CT2 to CT4). Speed control in the Middle and Inner Harbor
is an important factor in order to minimize surging impacts on any ships that are berthed
along the channel. Another factor to minimize surge effects is lateral distance form the
moored vessel. Maintaining the north side of the channel as much as practical depending
on environmentals, contributes to a lessened effect. The maximum speed that the Pilots
stated was acceptable in these reaches was in the 6 to 6.5 knot range.

The extreme wind conditions imposed during a simulation exercise forced the Pilots to go
as fast as they dared to help maintain control and to minimize crab angle. Therefore,
consistent differences in average speed when transiting the Inner and Middle Reaches
would be indicative of a safety advantage of one plan over another. That is, a higher
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average speed equates to a lower margin of safety and a higher probability of surge
damage to other ships. The ship's average ground speed was therefore calculated for each
exercise for that portion of the transit between the east side of the Trident Basin and the
east side of the Middle Basin.

Note that maintaining an adequate lateral distance when going past the cruise ships at
berths CT3 and CT4 is also important to minimizing surging impacts since hydrodynamic
forces are a function of both speed and separation distance. In this regard, Plan A has a
built in advantage over Plan B since it provides 50 feet of additional width on the north
side of the channel. Conversely, the negative impact of a higher ship speeds is amplified
in Plan B.

4.1.3 Proximity to Channel Boundary

The shiphandler strives to maintain adequate clearance between the ship and channel
boundaries. First and foremost this is to insure a margin of safety against grounding. In
addition, when a ship has significant headway, the closer that a ship is to an underwater
bank and the faster it is moving, the larger the hydrodynamic force on the ship's hull due
to its interaction with the channel bank walls. The resultant "bank cushion™ or "bank
suction” can make it more difficult to control a ship’s heading, and, under extreme
conditions, can overwhelm a ship’s rudder and cause a dangerous uncontrolled shear
away from the bank.

The track plots, which provide a visual record of the ships clearance to the channel
boundary, were therefore examined and are referenced in this section as appropriate.
Track plots of all exercises, including expanded scale track showing details in areas of
interest, are therefore provided in the attached appendices.

The Pilots also rated their bank clearance in the Entrance Channel and in the West Basin
area in the Run Debriefing Forms. The rating assigned by the Pilots was based on a 5
point scale where a rating of 5 = “Extremely Satisfactory” and a Rating of 1 = “Not at All
Satisfactory”. The ratings, as documented in the Debriefing Forms, are therefore
reported is this section when appropriate.

4.2 Jupiter Exercises

There were six exercises using the tanker Jupiter. All exercises retained for analyses were
completed without serious mishaps. The exercise conditions and a summary contrasting
the results in each plan is shown in the following table.

Exercise Wind &Current Transit Pilot's Overall Turn Widener | Ave. Speed Middle
Numbers Conditions Direction | Safety Rating | Clearance Rating | & Inner Reaches
(A&B) PlanA | PlanB | PlanA | PlanB | PlanA | PlanB
5&6 | S25/30 kts, N .75 kts. | inbound 35 2 4 2 4.7 kts. | 4.5 kts.
7&8 N 25/30 kts, S .5 kts. | outbound 45 25 5 2 8.6 8.5
19 & 20 | S25/30 kts, N 1.0 kts. | outbound NR 3 4 3 7.1 6.7

Exercises on the Jupiter were limited to examining the Entrance Channel turn widener
and Middle and Inner Reach wideners since areas west will be too shallow to
accommodate vessels drawing as much as the partially loaded Jupiter. The area transited
therefore ranged from the south of Buoy #9 in the Outer Reach through where the Middle
Reach joins the Middle Basin.
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The overall safety rating for the six exercises indicates that the Pilots thought that Plan A
provided a better margin of safety than did Plan B for both the partially loaded and
ballasted version of the ship. Both Pilots also commented that the increased depths in the
Entrance Channel and Inner Harbor improved the overall handling of the partially laden
Jupiter. Observed results in each channel segment are discussed below.

4.2.1 Results in Entrance Channel Turn Widener

Ship clearance to the channel boundaries was consistently rated as satisfactory in Plan A
and unsatisfactory in Plan B. A visual inspection of the trackplots shows marginal
clearance in exercise #6 only, however, closer inspection of the trackplots suggests a
slower and more controlled turn through the bend that provides a smoother transition
between the Outer and Middle Reaches facilitated by the larger turning radius allowed by
Plan A.

4.2.2 Results in Middle and Inner Harbor Reaches

Average speed through the reaches was essentially the same for both Plans. While Plan
A should have allowed the ship to pass further north of the docked ships, this did not
consistently happen on the simulator. Differences between the two plans with regard to
the potential for damaging the berthed passenger ships and with regard to clearance to the
northern channel boundary was therefore not demonstrated on the simulator. The Pilots
however, were definitely more comfortable in Plan A as expressed in their Final
Debriefing Form comments. This fact is attributed to the fact that the wider channel in
Plan A, while not utilized by the ship, did provide increased tug boat maneuver room
should it be required.

4.3 FREEDOM OF THE SEAS Exercises

There were twelve exercises aboard the FREEDOM and 11 of the 12 exercises retained
for analyses were completed without serious mishaps. The only problem occurred in
exercise #2 when the Pilot grounded the ship on the north side of the Inner Reach
widened per Plan B. The grounding was however, a direct result of the Pilot’s
unfamiliarity with simulator bridge equipment, and not indicative of vessel handling
problems. The vessel would have grounded in either Plan A or B, and was discounted as
mechanical problems in our analysis.

The exercises conditions and a summary contrasting the results in each plan are shown in
the following table.

Exercise Wind &Current Transit Pilot's Overall Turn Widener | Ave. Speed Middle
Numbers Conditions Direction Safety Rating (West Basin) & Inner Reaches
(A&B) Clearance Rating
PlanA | PlanB | PlanA | PlanB | PlanA | PlanB

la&?2 N 30/35 kt, S .5 kt. inbound 5 2 5 (5) 2 (4) 5.8 8.8

3&4 S 30/35 kt, N 1.0 kt. | inbound 4 4 5 (5) 5 (5) 4.0 5.8
9&10 N 30/35 kt, S .5 kts. | outhound 5 4 4 3 8.8 10.1
11& 12 | S30/35kt, N 1.0 kt. | outbound 4 NR 4 4 5.6 7.0
13& 14 | S35/40kt, N1.0kt | inbound 3 NR 4 4 NA NA
15& 16 | NE 30/35kt, S.5 kt. | outbound 2 35 4 5 NA NA

Exercises on the FREEDOM included all of the areas under evaluation. Therefore areas
transited ranged from south of Buoy #9 in the Outer Reach through to the West Basin
Turning Area.
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The Pilots' overall safety rating for the exercises suggest that Plan A offers a slight to
moderate safety advantage over Plan B. The ratings do not however reflect the strong
preference for Plan A voiced by the Pilots in their Final Debriefing Forms. This may be
attributable to the fact that the FREEDOM is an exceptionally powerful and sure handling
ship and the Pilots were able to keep the ship safe and under firm control in both plans,
even under the extreme environmental conditions. The opinions expressed in the Final
Debriefing Forms take into account that fact that the Pilots are very aware that not all
ships as easily controlled as is the FREEDOM.

Observed results in each segment of the waterway are discussed below.
4.3.1 Results in Entrance Channel Turn Widener

Twelve exercises included transits through the Entrance Channel Turn Widener on the
FREEDOM. The Pilots rating for clearance to the channel boundaries was only
marginally better for the Plan A widener however, the Pilots pointed out that the Plan A
widener allowed for a smoother, more gradual turn during both inbound and outbound
transits that was facilitated by the larger turning radius provided by the increased area in
Plan A.

The Pilots observation is confirmed by the ships maximum rate-of-turn as recorded by
the simulator and as can be seen by closely examining the trackplots. Analysis of the
simulator data showed a consistently lowered maximum rate of turn in the Plan A
exercises when transitioning between the Middle and Outer Reaches.

The advantage of the Plan A over the Plan B widener is most observable on the trackplots
of the four exercises that used the most extreme environmental conditions (wind 35 to 40
knots) and that only transited the wideners, i.e., exercise #s 13 & 14 and 15 & 16. The
trackplots clearly illustrate a slower rate of turn and smother transition between the Outer
and Middle reaches in the Plan A exercises.

4.3.2 Results in Middle and Inner Harbor Reaches

Eight exercises included the transit through the Middle and Inner Harbor Reaches. The
results show that, given identical environmental conditions, the Pilots were consistently
able to transit the reaches at a lower speed in Plan A (see previous summary table). This
performance demonstrates a measurable increased margin of safety over Plan B and it is
consistent with the Pilot's extensive description of the navigational issues as documented
in their Final Debriefing Forms.

4.3.3 Results in West Access Channel

Eight exercises examined the transit through the West Access Channel. The trackplots
show that, given identical environmental conditions, the Pilots were able to safely transit
the area in both Plans A and B. Plan A did provide for a greater clearance to the channel
boundaries, however, the reduced clearance was not significant given the powerful
maneuvering capability of the FREEDOM.

4.3.4 Results in West Basin Turning Area

The Freedom was turned in the Turning Basin area in four exercises (i.e., la&2 and
3&4). The smaller radius West Basin (by 50 feet) provided by Plan B proved adequate
and safe for the FREEDOM and the Pilots rated the channel boundary clearance as
satisfactory for both Plans A and B.
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5 CONCLUSIONS AND RECOMMENDATIONS

The simulation evaluations demonstrated that both Plans A and B can accommodate the
design vessels, even during maximum credible adverse environmental conditions.
However, it was also demonstrated using both the Jupiter and FREEDOM OF THE SEAS
design vessels that Plan A provides a significantly wider margin of safety over Plan B in
the Inner and Middle Reaches and, to a lesser extent, in the Entrance Channel turn
widener. These findings are supported by the observed results of the simulations and by
the strong endorsements of the participating Port Canaveral Pilots

The Pilots were also of the opinion that Plan A would provide significant safety
advantages over Plan B in the West Access Channel and in the West Basin Turning area.
The advantages noted by the Pilots were however not directly observable during the
simulated transits on the design vessel, the FREEDOM OF THE SEAS.

A more detailed discussion of the conclusions and associated recommendation follows.

5.1 Middle and Inner Harbor Reach Wideners

The simulation exercises clearly demonstrated a safety advantage of Plan A over Plan B
during transits of the FREEDOM as reflected in consistent an significantly lower transit
speeds in the reaches with the Plan A widening. The effect on transit speed was not
observed on the Jupiter, however, a greater clearance to the north channel boundary on
the deeper draft Jupiter was available in Plan A’s wider channel. In addition, the Pilots
strongly endorsed Plan A and they provided a comprehensive explanation of its
advantages from the ship handler’s perspective in their Final Evaluation Forms which are
reproduced in the appendices.

Therefore, STAR Center recommends that the Middle and Inner Harbor reaches be
improved per the Plan A design.

5.1.1 Outbound Ranges

The Pilots made extensive use of the outbound range during all of the outbound
simulations during this evaluation. Both Pilots noted that the range is particularly helpful
when handling large cruise ship with the house forward and that the range would enhance
the safety of nighttime transits. They also strongly recommend that the centerline range
be included in the project in their Final Evaluation comments.

STAR Center concurs that an outbound range marking the centerline of the Middle and
Inner Harbor reaches be included in the final project design for either Plan A or Plan B.
Entrance Channel Turn Widener

The simulations also clearly demonstrated that the entrance channel widener in Plan A
allowed for a smoother transition with a lower rate of turn between the Outer and Middle
Harbor reaches. This is especially important to passenger ships which must limit their
turn rates to insure that the ship does not develop a list (heel angle) that is avoided on any
and all passenger vessels.

The smoother turn was especially beneficial for an inbound ship with a strong southerly
wind, which caused a shear current effect at the breakwater. In this case, both the wind
and current acted in concert to turn the ship to the left towards the passenger ship at CT4
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as the ship was passing through the breakwater. The smoother and more controlled turn
in Plan A allowed the Pilot to better position and control of the ship as it entered the
Middle Reach and likely contributed to the dramatically improved performance seen in
the Middle and Inner Reaches. The two Plan A design elements in effect worked
together to improve safety margins for an inbound ship during extreme environmental
conditions.

STAR Center concurs that the Plan A Entrance Channel widener be implemented in
tandem with the Middle and Inner Reach Plan A widener.

5.2 West Access Channel Widening and West Basin Turn Area

Both Plans were observed to be equally safe and usable by the FREEDOM. While Plan
A did provide a larger clearance to the channel boundaries, the added space was not
needed given the exceptional power and maneuverability of this particular design ship.

Given that the simulation evaluation finding are restricted to the observed results using
the two design ships (see discussion below), STAR Center must conclude that both Plans
A and B are acceptable from a navigational safety perspective for these waterway
segments.

5.3 Channel Depths

While only two exercises were completed on the deeply laden, partially loaded tanker,
both Pilots reported that the increased project depths, as modeled in the simulations,
provided a more acceptable underkeel clearance for the deep draft vessel. They noted
that the added depth improved the ship's maneuverability, shortened its stopping distance
and reduced the chances of the ship bottoming out due to ship movement in a seaway or
due to squat.

5.4 Related Observations

A simulation evaluation is narrowly focused on a few key operations and/or areas out of
economic and technical necessity. Ship's Masters, Pilots, Port Officials, tug Captains and
other participants in a simulation evaluation on the other hand, have a much more
encompassing and integrated understanding of the environment being simulated.
Consequently, these individuals often logically deduce and report other benefits or
predict problems not directly addressed by the simulations. It is often the case that this is
due to what they have observed on the simulator or is a result of discussions with the
other participants.

This evaluation was especially productive in this regard and the reader is referred to the
attached Final Debriefing Forms where the Pilots commented extensively on what they
believe are advantages of Plan A over Plan B. Their main observations not necessarily
addressed in simulations are briefly described below.

e the increased channel depth (in both Plans A and B) would reduce or totally
eliminate "tide jobs where the movement of deep draft commercial ships is
delayed due to the higher priority given to passenger ships
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e the wider Plan A could enable two-way-traffic to be permitted in some areas of
the channel, with smaller vessels that operate at Port Canaveral

e additional width of Plan A Entrance Channel widener may provide an “escape
plan” for small to moderate size vessels in the event of an emergency (steering or
engine casualty for example) while transiting the Outer Reach

e the Plan A West Basin would provide additional room and a wider safety margin
when maneuvering ships that require tug assistance

e the larger West Basin and widened West Access depicted by Plan A Channel
could accommaodate cruise ships larger than the design ship (e.g., GENESIS Class)

e the Plan A widening along the south side of the West Access Channel provides
for advanced maintenance dredging and thus reduces the chances of a grounding
should the area silt in prior to maintenance dredging
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clearly needs a lot of room to safely transit her thousands
of passengers into and out of Port Canaveral under all
expected weather conditions. There are multiple reasons why
the additional width provided by Plan A will permit a safer
transit of this area. One reason is that it allows the
pilot to slow down earlier. The vessel has to be going
slow upon entering the port as to not surge and damage
moored vessels. By slowing down, the crab angle of the
vessel will increase and when dealing with ships the size
of the Freedom (or larger) the extra room needed to
accommodate the new “virtual beam” (actual beam + crab
angle) is substantial and sufficient room is provided for
this in Plan A. Secondly, Plan A allows the pilot to
better position the vessel for the turn by buoy 9. This
allows the pilot to plan ahead in anticipation of the
increased drift angle. The extra room provided by buoy 11
and 13 would be very useful in a S’'ly wind to stay a safe
distance off the north jetty. Additionally, the larger
area provides for a smaller, more preferable, rate of turn.

Middle/Inner Harbor Reach Vessels the size of the Freedom are
approaching their safe limits when navigating 400’ wide
channels. The need for the extra 100’ of width provided by
Plan A cannot be overstated. The ever-critical crab angle
is even more of an issue in the Middle and Inner reach,
because outside these channel edges is hard rock to the
north and moored vessels to the south. Speeds in the inner
reach also need to be kept low to avoid surge, making the
crab angle even worse. When operating vessels of this size,
the extra room is needed so that in the case of an
equipment failure or helmsman error, there is adequate time
and maneuvering room to perform emergency maneuvers.

At first, it may seem that the extra room in the middle and
inner reach is not applicable when dealing with the heavy,
deep draft ships, because theses ships usually do not use
the edges of the channels like the cruise ghips do. But
again, we have the issue of dangerous hydraulic effects on
the vessel (amplified in the inner reach), which can be
reduced or eliminated when the vessel is able to transit
further from the edges of the channel. The extra
maneuvering room provided by Plan A also allows the escort
tugs to do their job in an emergency if called upon to
break a sheer or slow the wvesgsel.
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5) Please comment on the effectiveness of the new outbound range. Do you recommend
any other fixed (non-buoy) navigational aids to improve the overall project navigability?
I was very pleased to see the outbound range simulated. I
found it very effective in helping me place the vessel
properly in the channel. Being so far forward on a cruise
ship, one must remember that almost 90% of the ship is
behind you. Thig requires a lot of expertise to put the
stern of the ship (that you cannot see) in the proper place
in the channel. The range allows me to do that. Inbound,
the range is probably the most important navigational tool,
so I dream of the day when we can finally get one for the
outbound leg. Also, even though we did not simulate it,
ranges are especially effective at night. Many of our
large “port of call” ships leave at night and that
outbound range would sure increase safety as an additional
tool,

6) Please comment on the accuracy of the simulation models.
It seems like simulator technology is improving

exponentially. I have used many simulators around the
country and the one at STAR center is the best. The
handling characteristics of both vessels were very
realistic and allowed me to really get into the moment and
“feel” the ship. The degree of realism had a positive
impact on my ability to evaluate the proposed channel
improvements.

7) Is there a thought or impression that you would like to express. that is not
characterized or encouraged by any of the above impressions.

Safety is always paramount in this business and is more
important than all else. However, in order to have a
sustainable port providing positive financial impact, both
locally and nationally, we need to move ships. The cost
benefit of these proposed changes, while of secondary
importance to safety, needs to be given strong
consideration.

The extra depth will raise current restrictions on draft,
which means deep draft ships could come and go at any tide,
thereby saving tens of thousands of dollars that otherwise
would have been wasted sitting at anchor. Secondly, deeper
ships with more cargo could call at the port and more cargo
means more revenue. It also allows for increased capacity
to bring in emergency supplies after a hurricane.

Currently under construction in Port Canaveral is the
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largest tank farm on the east coast of Florida. The deeper
depth of the channel will allow us to bring in more amount
of product to meet the needs of central Florida.

Under Plan A two-way traffic is a possibility. This will
reduce congestion delays and allow ships to transit at any
time, without incurring expensive delays while dockside or
at anchor.

The cruise ships being built now were unimaginable just a
decade ago. How big will these ships get? I do not believe
we know that answer yet. We need to be looking and
planning for 20 to 30 years ahead and not just for the
minimum required now. We are simulating ships that are
already here! With 4 million Americans riding these cruise
ships in and out of Port Canaveral annually, I have a duty
as a pilot to not only keep the passengers safe, but to
protect the port and Florida‘s pristine beaches and
maritime environment. It igs my belief, as an experienced
pilot, that the improvements outlined in Plan A will
provide a safer and financially beneficial improvement to
the current channel and will encourage growth and commerce
for decades to come.

Page 6 of 4























http:Flor�it.la

