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VERACRUZ PIER EVALUATION 2005 

SUMMARY REPORT 
 

OVERVIEW 
This report describes a study that examined the ability of large vessels to safely dock and 
undock at a number of commercial wharves at the Port of Veracruz.  It involved maneuvering 
each of the ships in the inner harbor after entering the harbor from sea under moderate to high 
wind conditions, through cross-current and swell. The evaluation was conducted using a 
shiphandling simulator and it employed active pilots from the port to perform the maneuvers.  
Some of facilities (piers) that were the subject of this study are undergoing 
improvements/modifications recommended during a prior simulation-based evaluation.  This 
study examined the ability to maneuver large bulk carriers, container vessels and a car carrier 
into, and out of, several berths within the Port.  The primary objective was to provide local 
port pilots with an opportunity to perform the required maneuvers into the new and modified 
berths, with the practical benefit of possibly developing or fine-tuning tactics for handling the 
very large vessels that the port can expect to accommodate at these facilities. 

This study examined berthing maneuvers performed with the bulk carrier at Piers 4 North, 5 
North and South, and 6 South.  The containerships were employed for docking and undocking 
at the ICAVE container wharf (North berth) and at pier 7 South.  Finally, the car carrier was 
maneuvered into and out of Pier 6 North. 

In addition to the docking/undocking exercises, these vessels were piloted into the harbor from 
the sea buoy to examine the shiphandlers ability to slow the ship’s speed at the harbor entrance 
when higher entry speeds were required to overcome the cross-current and swell conditions in 
the port approaches. 

The environmental conditions that were simulated for these exercises included wind, and 
surface current, and ground swells outside the harbor entrance.  Winds were simulated as 
blowing from the North and the speed was varied from 10 knots to nearly 30 knots.  Some 
exercises were conducted without current and swell conditions present. When current (1.5 to 2 
knots) and a 2-meter (in height) swell were introduced, the direction of both was from North to 
South.  Current and swells are not a factor inside the harbor proper, and therefore were not 
present inside the harbor in simulation. 
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All exercises required tugboat assistance for routine maneuvers such as slowing the larger 
ships entering the harbor, turning the vessels in the turning basin, and for docking or 
undocking at the pier or wharf.  The type of tug that was simulated was a twin propeller vessel 
with azimuthing propulsion units, and approximately 26m in length.  Two such tugs were 
provided for all of the exercises.  The tugboat horsepower was altered a number of times to 
meet the expectations of the pilots for actual available power, based on their experience with 
existing tugs at the Port of Veracruz.  The range of power that was simulated was 3000 to 4000 
hp (delivered) providing a Bollard Pull of approximately 42 to 56 tons. 

 

 

DESCRIPTION OF TEST PROGRAM 

Simulator Configuration 
Simulation tests were conducted on STAR Center's 360-degree full mission bridge simulator.  
STAR Center’s simulator wheelhouse replicates a large commercial ship’s bridge including 
the monitoring and control equipment. On actual ships, the Pilot “conns”, or directs the ship by 
giving orders to ship’s personnel for the control of the vessel’s heading and speed, and he or 
she may request information from ship’s personnel as required for the shiphandling task.  The 
full mission simulator and supporting staff provide these same capabilities to create a highly 
realistic environment for the participating professional shiphandlers. 

The visualization of the outside world is presented as a 3-dimensional computer-generated 
image in a 360-degree panoramic scene as viewed from the wheelhouse of the vessel.  The 
bridge equipment provides the shiphandler with all of the electronic sensor information 
generally available aboard an actual ship: radar/ARPA displays, fathometer readout, GPS 
position display, ECDIS chart display, Doppler speed data, wind velocity display, and from 
ship-to-ship radio, and internal ship communications. 

Ship Response Models 
The ship response models generally represent the sizes and types of vessels to be investigated 
in the study.  The hydrodynamic model provides a realistic response of the vessel to helm and 
throttle, tugboat assistance, channel and bottom effects, passing ship effects, and wind and 
current influences.  Six ship models were employed, representing a variety of large vessels that 
may occupy the Veracruz piers as represented in this study.  The particulars of the ship 
response models are presented in Table 1 (next page). 
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Table 1 - Hydrodynamic Model Particulars for Veracruz Evaluation 

Ship 
Model/Load 
Condition 

Ship 
Size  

Length 
Overall 

Beam 
Deepest 

Draft 

Main 
Engine 

Type/Power 

Propeller 
Type 

Bulk Carrier 
GULF STAR 
Fully Loaded 

12.8 m 
(42.0 ft) 

Bulk Carrier 
GULF STAR 

Ballasted 

60,000 
DWT 

234.0 m  
(767.5 ft) 

32.2 m 
(105.6 ft) 9.6 m 

(31.5 ft) 

Slow Speed 
Diesel 

6,705 hp 

Single fixed-
pitch propeller 

Tanker 
ALCAID 

Part Loaded 

84,000 
DWT 

228.6 m  
(749.8 ft) 

32.2 m 
(105.6 ft) 

11.6 m 
(38.0 ft) 

Slow Speed 
Diesel 

10,889 hp 

Single fixed-
pitch propeller 

Containership 
ATLANTIC 

STAR 
Loaded 

37,238 
Gross 
Tons 

241.1 m  
(790.8 ft) 

32.2 m 
(105.6 ft) 

10.2 m 
(33.5 ft) 

Diesel 
49,724 hp 

Single fixed-
pitch propeller 

Containership 
JUTLANDIA 

Loaded 

60,640 
Displ. 
Tons 

294.1 m  
(964.6 ft) 

32.2 m 
(105.6 ft) 

12.5 m 
(41.0 ft) 

Slow Speed 
Diesel 

49,349 hp 

Single fixed-
pitch propeller 

Auto Carrier 
FIGARO 
Loaded 

33,551 
Displ. 
Tons 

198.0 m  
(649.4 ft) 

32.2 m 
(105.6 ft) 

9.5 m 
(31.2 ft) 

Diesel 
18,104 hp 

Single fixed-
pitch propeller 

 
Note that the ship response model of the tanker ALCAID was used due to its similarity to a bulk carrier 
in dimension and displacement, but with greater main engine power than the bulk carrier GULF STAR. 

Geographic Database 
It is essential that the visual aspect of the geographic database model provide the necessary 
navigational information and visual cues to the pilots during testing. This includes prominent 
landmarks, aids to navigation, such as buoys, beacons, and ranges, and the commercial 
facilities where the vessel will berth.  The corresponding radar database provides navigation 
information as well.  The realistic modeling of the vessel’s maneuvering response in the 
waterway depends on an accurate mapping of the depth contours and channel banks, shallows, 
shoals, and bulkheads, as well as the currents generated by wind and tidal forces. 

This study employed the existing simulator geographic database of the Port of Veracruz, 
Mexico.  The database had been used for a previous study to examine proposed new pier 
configurations. The database was updated to include changes to the bathymetric model 
representing the underwater depths to be achieved following completion of dredging of the 
harbor’s navigation channels and berths to provide uniform depths of 14 to 15 meters.  Port 
officials provided plans for the piers, and the geographic database was modified to conform to 
these plans. 

Conditions Tested 
The environmental factors under which these exercises were conducted, were provided by the 
port authority so as to simulate prevailing conditions at Veracruz, with some high wind 
conditions as well.  The wind velocity was applied consistently throughout the port database, 
while the sea surface current and sea swell conditions only exist in the port approaches and 
diminish to zero inside the jetty entrance to the harbor. 
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Table 2 presents a complete run matrix showing the conditions of wind, current, swell, 
direction of transit, ship model, and pier destination.  

Participants 
Three Veracruz port pilots participated in the project by piloting each of the ships during the 
simulation runs.  A STAR Center staff member conducted the first exercise to provide a 
familiarization and to demonstrate a tugboat configuration employing an “arresting” tug with a 
line through the Panama chock at the vessel’s stern.  Representatives from the Veracruz port 
authority, local tugboat company, and representatives from both the bulk terminal and the 
container terminal were on hand to observe the simulator runs, and to provide scenarios as to 
the conditions and content of the exercises to be conducted. 

The STAR Center provided an experienced helmsman to execute the pilot’s orders to the helm, 
and a Simulator Operator was on hand to control the simulator, maneuver the assisting 
tugboats, monitor the simulator operation, and to ensure that appropriate data is recorded for 
each test run.  A STAR Center Research Coordinator observed all simulated transits, noted 
results and compiled information from the pilot participants involving a self-assessment 
questionnaire following each exercise.   

The port representatives generally observed the simulation runs from a classroom where both 
the “out-of-window” view from the ship’s bridge, and the “birds-eye” view of the waterway 
were available to enable them to follow the progress of the exercise.  This arrangement 
provided the observers with an opportunity to evaluate each exercise by observation of the 
ship’s track, and the use of tugboats, and while the pilot performed docking and undocking 
maneuvers. 
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Table 2 – Run Condition Matrix 

Run 
No. 

Ship Response Model Direction of 
Transit 

Pier Environmental 
Conditions 

1 60K DWT Bulk Carrier 
GULF STAR, Loaded 

Inbound Pier 4 N 

2 Inbound Pier 4 N 
3 Inbound Pier 4 N 
4 Inbound Pier 4 N 
5 Inbound Pier 6 N 
6 Inbound Pier 5 N 
7 

84K DWT Bulk Carrier ALCAID, 
Part Loaded 

Inbound Pier 5 S 
8 Outbound Pier 5 S 
9 Outbound Pier 6 S 
10 Outbound Pier 6 N 
11 

60K DWT Bulk Carrier 
GULF STAR, In Ballast 

Outbound Pier 7 S 
12 Inbound Pier 6 N 
13 

Auto Carrier FIGARO 
Outbound Pier 6 N 

14 Inbound Pier 7 S 
15 

Containership ATLANTIC STAR 
Outbound Pier 7 S 

16 
17 

No run 

18 Inbound ICAVE 
N Berth 

19 Outbound ICAVE 
N Berth 

20 

Containership JUTLANDIA 

Inbound ICAVE 
N Berth 

Wind:  (from) 000º at 10 kn 
Current: none 
Swell:  none 

21 60K DWT Bulk Carrier 
GULF STAR, Loaded Inbound Pier 5 N 

22 60K DWT Bulk Carrier 
GULF STAR, In Ballast 

Outbound Pier 5 N 

23 No run 

Wind:  (from) 000º at 27 kn 
Current: (to) 180º at 2 kn 
Swell:  (to) 180º 2 m height 

24 84K DWT Bulk Carrier ALCAID, 
Part Loaded Inbound Pier 6 N 

25 60K DWT Bulk Carrier 
GULF STAR, In Ballast 

Outbound Pier 6 S 

26 84K DWT Bulk Carrier ALCAID, 
Part Loaded 

Inbound Pier 5 S 

Wind:  (from) 000º at 27 kn 
Current: (to) 180º at 1.5 kn 
Swell:  (to) 180º 2 m height 

27 Inbound ICAVE 
N Berth 

28 
Containership JUTLANDIA 

Outbound ICAVE, N 

Wind:  (from) 000º at 27 kn 
Current: (to) 180º at 1.5 kn 
Swell:  (to) 180º 2 m height 

29 Containership ATLANTIC STAR Inbound Pier 7 S 
Wind:  (from) 000º at 28 kn 
Current: (to) 180º at 1.5 kn 
Swell:  (to) 180º 2 m height 

30 Containership JUTLANDIA Inbound ICAVE, N 
Wind:  (from) 000º at 25 kn 
Current: (to) 180º at 1.5 kn 
Swell:  (to) 180º 2 m height 

31 Auto Carrier FIGARO Inbound Pier 6 N 
Wind:  (from) 000º at 15 kn 
Current: (to) 180º at 1.5 kn 
Swell:  (to) 180º 2 m height 

32 Containership ATLANTIC STAR Inbound ICAVE, N 
33 Inbound ICAVE, N 
34 

Containership JUTLANDIA 
Inbound ICAVE, N 

35 84K DWT Bulk Carrier ALCAID, 
Part Loaded 

Inbound Pier 7 S 

Wind:  (from) 000º at 25 kn 
Current: (to) 180º at 1.5 kn 
Swell:  (to) 180º 2 m height 
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Testing Procedure 
Simulation exercises were conducted in the evenings of 24 through 28 January 2005.  A total 
of 33 runs were accomplished during these evening sessions (see the Run Matrix in Table 2).  
The study objectives were twofold: to provide the local pilots with the opportunity to handle 
large vessels at the modified berths in advance of actual operations and to solicit their 
comments, and to give them an opportunity to develop new techniques or procedures on the 
simulator for the docking/undocking operations if necessary.   
Prior to commencing each exercise, the pilot was introduced to the ship that he would be 
piloting, and would be briefed on the route or destination, the environmental conditions (wind, 
current and swell), the location of the assisting tugboats, and the conditions at the berth.  Each 
of the participating pilots would in turn command the simulated vessel from the simulator 
bridge.  Inbound transits of the harbor commenced at a starting location of from 0.5 to 1 
nautical mile outside the port entrance jetties, depending on the environmental conditions 
imposed.  The run would end with the vessel alongside the pier or wharf in a stabilized state, 
with minimal head- or sternway, minimal motion toward or away from the pier, and no yaw or 
rotation. 
Outbound runs began with the vessel alongside the pier and all mooring lines cast off, and with 
the assisting tugs made fast as directed by the pilot, and ready to work.  The outbound runs 
were concluded when the ship was steadied up on heading to make the transit out of the 
harbor, either off the berth and turned around, or after turning around in the turning basin and 
headed outbound. 
Following each run, the pilot completed a brief self-assessment evaluation form that solicited 
his opinion of the controllability of the vessel during the run, and comments on the level of 
safety, level of difficulty, and the amount of stress generated during the maneuver.  

Data Collection Procedures 
The shiphandling simulator records a great deal of data during each test run.  This data 
includes the vessel’s speed, heading, underkeel clearance, information relating to control 
settings (rudder, throttle, thrusters), and environmental forces acting on the vessel.  This 
information was used to generate track plots of each run showing graphically, the vessel’s 
trajectory and its proximity to channel boundaries, shoal areas, and to piers and other vessels. 
Each subject completed the “Run Evaluation Form” following an exercise on the simulator.  
The participating pilots also summarized their expert opinions regarding the study objectives 
by completing a “Final Evaluation” at the program’s end.  Comments from these 
questionnaires were used in the formulation of the conclusions and recommendations 
appearing in this report.  
The STAR Center staff observed the simulation exercises and maintained an observer notes 
log for each run, noting actions of the shiphandler and any simulator- induced factors that 
might influence the interpretation of results.  All of the aforementioned factors were 
considered in interpreting the results and deve loping the conclusions expressed in this report. 
 



                   RTM STAR Center                                                                                                                                              Veracruz Pier Evaluation 2005 

 Page 7 of 8 

RESULTS AND CONCLUSIONS 

Post-Run Evaluation Summary 
The post-run self-assessment questionnaires provide a general view of the relative difficulty of 
the maneuvers.  On average, the exercises were all considered by those who performed them, 
to be mildly difficult and stressful.  As would be expected however, the runs which posed the 
most maneuvering difficulty were in high wind conditions and involved either the largest 
vessel at a difficult berth, the most under-powered ship, or a vessel whose freeboard made it 
most vulnerable to the wind forces.  

Final Evaluation Summary 
The Final Evaluations completed by the Veracruz pilots solicited their comments about the 
simulation, including the fidelity of the ship response models and the realism presented by the 
geographic database depicting the Port of Veracruz.  The questionnaires also inquired as to the 
pilots’ opinion of operational concerns such as the adequacy of the tugboats used in the 
simulation exercises, and whether operations should be restricted during hours of darkness or 
high wind conditions.  Their comments are summarized below. 
 
All of the pilots were in agreement that the bulk carrier used in the simulations (60,000 DWT), 
which was known to be underpowered, was beyond any of their experience, and therefore 
considered not representative.  A tanker ship response model was used in many of these runs.  
This 84,000 DWT vessel was similar in dimensions to the bulk carrier but had the greater main 
engine power that the pilots were familiar with, and was deemed more representative of the 
types of bulk carriers calling at Veracruz. 
 
Though the other ships employed in these exercises were selected to be as close as possible to 
the desired dimensions and type, the pilots were concerned that these models’ parameters did 
not exactly match those of the vessels presently visiting the port.  They noted however that 
these ships appeared to respond as expected. 
 
No pilot felt that there should be any restrictions on vessels operating during hours of 
darkness.  There was a consensus that in fair weather and light winds there would be no 
difficulties at any of the berths examined, but with winds of 25 to 30 knots, this would not be 
the case, and this range was stated to be the upper limit for such maneuvers.  The limit of 25 or 
30 knots would depend on the berth, and the particular ship and its draft.  The azimuthing tugs 
used in simulation, were deemed adequate for the task by the pilots.  These models were 
selected to represent tugs that are or soon will be available at Veracruz.  It was acknowledged 
that in the higher wind conditions the tugs would be less effective.  
 
The only berth that was considered to be a problem was the North berth at the ICAVE 
container wharf when the South berth was occupied by a large containership.  There was very 
little space to maneuver in or out of this berth with the containership JUTLANDIA response 
model, which has a length overall of 294 m, and these exercises were therefore extremely 
time-consuming. 
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One pilot stated that the need to enter the port with greater headway under high winds and 
strong current or swell conditions was of some concern in regard to the ability to stop the 
vessel once inside the jetties.  Under such conditions the effective power of the tugs in helping 
to reduce headway and to control the ship is vital.  Only three runs appeared to illustrate this 
problem (24, 27 and 30), and in each case the ship swung wide in the turn bringing it close to 
the end of Pier 4 as it entered the North channel.  Two runs were with the large containership 
JUTLANDIA and one run was made with the 84,000 DWT tank vessel ALCAID.  Overall, the 
pilots exhibited little difficulty in taking way off the vessels on the inbound transits. 
 
The simulator exercises demonstrated that the modified pier configurations could support the 
berthing of large bulk carriers and other vessels with a similarly-sized vessel occupying the 
opposite berth, providing that conditions such as high winds are not present to complicate the 
maneuvers.  Though the exercises proved to be time-consuming due to the size of the ships 
and the constraints imposed by nearby moored vessels, the azmuthing tugboats appeared 
adequate to control the vessel.  Additionally, the pilots gained va luable insights into the 
required maneuvers. 
 
Finally, in response to the question of whether other local pilots would benefit from the 
opportunity to practice maneuvering large vessels at the port’s facilities, including new pier 
configurations, there was consensus that this would be useful, so long as the ship response 
models used were representative of the vessel types and dimensions that actually call at 
Veracruz.  The fact that the pilots recommended this simulator experience is an indication that 
they themselves may have obtained some benefit from the ability to practice maneuvering 
these vessels into the new berth configurations, which was a primary goal of the study. 
 
 
 
 
 

 
 

 
















































































































































































































































































