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EXECUTIVE SUMMARY

This document reports the work carried out by Jens Korsgaard under
the U.S. Department of Energy (DOE) Innovation and Energy Program
Contract No. DE-FG36-98G0O10321. The work was carried out in the period
October 10, 1998, to August 10, 2000. The object of the contract was
proving the extraordinary performance of the Hydrostatic Mooring.

The Hydrostatic Mooring is a new type of Single Point Mooring, which
moors oil tankers and similar large ships .in the open ocean. There is a
number of existing Single Point Moorings. All other Single Point Moorings
have a mechanical coupling between the vessel and the mooring. This may
be a gripping mechanism or an ordinary mooring hawser. Common for all
Single Point Moorings including the Hydrostatic Mooring, is that they permit
the ship to weathervane 360° about the mooring, thereby enabling it to
assume a position that minimizes the forces from the winds, waves and
currents.

All other Single Point Moorings have limitations on mooring operations
due to weather, which limits the maximum sea state to between 2 and 4.5 m
significant wave height. In cases with particularly favorable current conditions
the operations limits may be somewhat higher for the other moorings. These
limitations cause typical weather relaied downtimes between 5% and 30% in
the open ocean. The Hydrostatic Mooring holds out the promise of being able
to moor in 8 m significant wave height, thereby virtually eliminating weather
downtime.

The mechanism that moors the Hydrostatic Mooring to the vessel is
the suction cup principle, in which the mooring buoy itself is a giant suction
cup and the vessel provides the power to reduce the pressure between the
buoy and the vessel. The resulting compressive force between the vessel
and the buoy is very large and the friction that results from this compressive
force is the one that actually restrains the vessel.
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All other Single Point Moorings have retrieval lines, which are
retrieved by the vessel and hauled in, in order to effect the mooring. The
Hydrostatic Mooring is brought into contact with the ship by variable
buoyancy. This is remotely actuated from the ship when it maneuvers above
the buoy at its resting position, 8 m below the keel. Consequently, there is
no guiding force that will guide the mooring into its proper position. The ship
must therefore be carefully navigated to a position above the mooring buoy
and the proper time selected for actuating the variable buoyancy system
aboard the buoy. The principal objective of this contract was to prove or
disprove that this operation is feasible and reliable. A number of real time
tests using the true real time performance of a tanker were carried out at
Nichols Advanced Marine Sciences in Arlington, Virginia. A 150,000 DWT oil
tanker was used for the tests. The oil tanker used had the minimum
maneuvering characteristics allowed by the classification societies.
Consequently, any real tanker would have the same or better maneuvering
characteristics than the tanker used in the tests. The tanker was equipped
with the standard equipment that is required for the use with the Hydrostatic
Mooring, which includes an omni-directional bow thruster, in this case with a
200 kN thrust force.

Twenty-five tests were carried out in weather conditions ranging from
flat calm to very stormy conditions with a significant wave height of 8 m.
Unsteady winds and currents were also present in most of the tests. The
mooring was successful in 100% of the twenty-five tests made. In 20% of
the tests, the final location of the mooring buoy on the bottom of the ship
would not permit the connection of the fluid transfer equipment.
Consequently, in those cases, the mooring attempt would have to be
repeated. It was found, however, in the tests, that the navigator continued to
learn throughout the test period. In the final sixteen tests, which were made
in the most adverse weather conditions, there was only one instance in which
the buoy was not placed with the proper accuracy on the bottom of the'ship.
In the first 9 tests in more benign conditions there were 4 such instances.
This buoy has, in its standard configuration, sufficient power aboard the buoy
to perform eight mooring attempts. It was therefore concluded that the




mooring between a large oil tanker and the Hydrostatic Mooring could be
carried out with extreme reliability in all wave conditions up to 8 m significant
wave height.

The second objective of the project was to gain approval by the
American Bureau of Shipping for the buoy concept and design. This entails
carrying out preliminary design work, which was done by the author of this
report and by Han-Padron Associates Consulting Engineers in New York
through a subcontract. The design package was submitted to the ABS in two
stages. The first package was submitted in April 2000, consisting of all the
tests that were made at Nichols Advanced Marine Sciences and prior tests
made at the Danish Maritime Institute in Denmark. The second submittal
was on July 7, 2000 containing all the design work carried out in connection
with this project.

As of the date of the publication of this report, the American Bureau of
Shipping (ABS) had not completed their review of the submitted material and
ABS has requested some supplemental calculations that will shortly be
furnished to the ABS.
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1. INTRODUCTION

This report is the technical report from a contract between the
Department of Energy and Jens Korsgaard contract number DE-FG36-98-
GO10321.

The principal objective of the contract is to develop the Hydrostatic
Mooring further. The project had two main components:

= To prove in a maneuvering simulator that a seafarer could in fact
navigate the vessel with the required precision to mate to the
Hydrostatic Mooring.

* To obtain the approval of the American Bureau of Shipping (ABS)
for the mooring.

The ship maneuvering study was carried out at Nichols Advanced
Marine, in Arlington, Virginia, in 1999.

In order to gain the ABS approval of the design, the existing design
had to be developed further. This was done partly through a contract with
Han-Padron Associates (HPA) in New York, and was partly done by the
Author.

At the date of publication of this report, the ABS had not yet completed
their review of the design. .

The system of units used in this document is the Sl system.
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2. OVERVIEW OF THE HYDROSTATIC MOORING SYSTEM

2.1 CONCEPT

The Hydrostatic Mooring is a single point mooring of the type that
attaches to the keel of the vessel. Existing similar concepts comprise the
Submerged Turret Loading (STL) provided by Advanced Product Loading
(Norway) and the Turret-Collet type buoy moorings provided by Single Buoy
Moorings (Monaco) and SOFEC (USA). These existing systems rely on
structural connectors of the hydraulic clamp type to effect the structural
connection between the buoy and the vessel. The STL has the structural
swivel built into the buoy whereas the turret-collet type buoy mooring has the
structural swivel built into the vessel.

The Hydrostatic Mooring has the structural swivel built into the buoy,
but in contrast to the other submerged systems relies on a combination of
compressive and friction forces between the hull of the vessel and the buoy
to transmit the mooring forces from the buoy to the vessel. The Hydrostatic
Mooring is shaped like a giant suction cup and reducing the hydrostatic'
pressure in the volume between the buoy and the hull creates a large
compressive force between the buoy and the vessel hull. The mooring is
attached to the ship’s hull as shown on Fig 2-1 below.

~

Suction Rump || —Seal T

Mooring Line

Fig 2-1 Hydrostatic Mooring Principle
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The volume between the ship’s hull and the mooring is isolated from
the sea by the circular seal shown on Fig 2-1. The suction pump takes
suction within this volume and lowers the absolute pressure to for example
50 kPa within the volume. The exterior pressure is at least atmospheric (100
kPa) thus the disk is pressed upward as indicated by the upward arrows.
This upward force is resisted by the compression elements within the
volume. The downward pointing arrows illustrate the compressive forces.
These compressive forces resist any vertical mooring forces. There is friction
between the hull and the compression elements. This friction provides the
means to resist horizontal forces between the mooring buoy and the hull. The
mooring lines shown in Fig 2-1 provide the means to transmit the mooring
forces to the seabed.

The potential of this mooring system is illustrated by the following
numerical example:

Ships draft in the mooring area: 5 meters

Sealing ring diameter 20 meters
Mooring pressure: 50 kPa (absolute)
External pressure: 150 kPa (absolute)
Friction coefficient: 20%

Mooring area calculated: /4*20°2=314 m2

Compressive force calculated: /314*(150-50)= 31400 kN
Max. horizontal force calculated: 20%*31400= 6280 kN

The maximum horizontal force in this example is comparable to a
normal design force for a Floating Production, Storage, and Offloading vessel
(FPSO) in an extreme ocean environment. Several avenues are available to
increase the force capability of the above sample mooring. The sealing ring
diameter can in most cases be doubled, the friction coefficient can be
increased by proper materials selection and finally ballasting operations can
increase the pressure differential. In this manner this mooring can resist even
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extreme ice forces. Consequently, the Hydrostétic Mooring has the capability
of mooring all large ships in the Arctic or ocean environment.

A more detailed view of the Mooring concept is shown in Fig 2-2

below:
uter Seal Inner Seal Structural swivel
Friction Surface Fender
2 [
]
Buoyancy Tank
To Fluid Riser __.»g)——‘ o~~~ g
n__ .
Mooring Chain (typ)

Fig 2-2 Hydrostatic Mooring Buoy Cross-Section

This more detailed view shows two annular seals (outer and inner
seals) between which the hydrostatic pressure is lowered. This reduces the
compressive force somewhat, but then permits the maintenance of for
example atmospheric pressure in the center area of the buoy. The fluid
connection is made within the structural swivel area. The fluid swivel is on
the vessel. This is similar to the STL arrangement. Also note the fenders that
prevent damaging impacts between the buoy and the vessel.




2.2 APPLICATION EXAMPLE

The application example is for a transport system in which water is
transported from Manavgat in Turkey to Ashkelon in Israel. The vessels used
are either VLCC (approximately 250,000 DWT) or ULCC (approximately
450,000 DWT).

The following describes only the Ashkelon mooring. The mooring in
Turkey is similar. A buoy that has an outer sealing ring diameter of 21 m is
chosen for either class of vessel. The vessel must have flat bottom plating in
the mooring area with a width on the order of 28 m or more for this to work
effectively and safely. The width of either class of vessel is more than 40 m,
therefore, this is not a problem. Tests show that the mooring operation can
easily be performed with a precision of 2 meters in conditions with wave
heights of Hs=5 m or below regardless of cross currents and wind. Mooring
is consistently possible on the first attempt in all wave heights up to Hs=8
meters regardless of wind and cross current conditions. The accuracy
deteriorates to a typical error of 3 meters at 8 meter wave heights. Mooring
operations are probably feasible in even higher wave heights, but this may
be of theoretical interest only, because operations on the vessel will be
curtailed in any event at these extreme conditions.

2.2.1 Met-Ocean Conditions Ashkelon

The environmental condition in Ashkelon and in Manavgat is
described by the following:

e Hs=2.0 meters Exceeded 50 days per year
e Hs=5.0 meters Exceeded 3.8 days per year
e Hs=6.0 meters Exceeded 0.6 days per year
e Hs=8.0 meters Return Period 50 years
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The current at Ashkelon is reported to be usually north going with a
speed of 0.5 knots. For design purposes at this time a design current of 1.5
knots is assumed.

The wind speed is generally quite low at Ashkelon and the maximum
recorded wind speed is 35 knots.

2.2.2 Mooring Design Conditions

A system designed for a maximum wave height of Hs=5.0 m will have
99% availability and weather delays is not a concern. The required precision
for mooring can be set to be 2.0 m in accordance with the results from the
maneuvering tests performed. In the actual design a 3.0 meter tolerance will
be provided.

For purposes of this document the mooring is designed for a
maximum horizontal mooring force of 6000 kN.

The buoy is secured to the ship by differential hydrostatic pressure.
The present buoy is designed for water transport. it has two sealing rings,
one at 10.5 m radius and another at 4 meter radius. The pressure in the area
between the two sealing rings is typically maintained at 50 kPa (absolute).
This is done through pumps aboard the moored vessel that take suction
within the space between the two sealing rings. The vessels to be moored by
this buoy must have a minimum width of flat bottom plate of 28 meters
(60,000 DWT). There is no upper limit on ship size other than the limit on
force caused by the combination of ship size and environmental conditions
and potential water depth limitations.

The submergence of the hull may vary between 4 meters and 25
meters depending on the ship size and the loading condition. This
corresponds to absolute hydrostatic pressures at the keel between 140 kPa
and 290 kPa. The pressure within the sealing area is 50 kPa. Assuming a 4
meter submergence the differential hydrostatic pressure is 90 kPa. The area
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is 0(10.5*10.5- 4*4)=295 m2. The resulting compressive force between the
buoy and the vessel is then 27000 kN. The net buoyancy of the combined
buoy/mooring system must be added. This is normally negative but close to
zero and is ignored. Consequently, a friction coefficient of 0.3 between the
keel and the buoy permits a horizontal force of 8100 kN at a draft of 4
meters. At larger drafts the possible horizontal force increases to as much as
18000 kN. In consequence the vessel can control the friction capacity of the
buoy and may in principle avoid dangerous combinations of force capability
versus possible mooring force by increasing its draft.

The friction coefficient between the ship’s bottom and the buoy is
believed to be in the 50% to 80% range. Standard ablating anti-fouling paint
coats the ship’s bottom. The surfaces on the buoy that touch the ship are
primarily composed of rubber fender elements. The rubber in these fender
elements is specially formulated to have a large friction coefficient relative to
wet anti-fouling paint.

The friction coefficient that is assumed for computational purposes is
ordinarily in the 10% to 30% range, thereby providing an adequate safety
factor against mooring failure. It should be noted that it is possible to
determine the actual friction coefficient during unmooring by recording the
combination of mooring force and pressure at the time of initiation of the
separation process, i.e., when the buoy starts moving on the bottom of the
vessel. Therefore, it is possible to monitor the efficacy of the system by
measuring the buoy loading. condition at initiation of motion upon separation
at unmooring. This measurement may be done at each unmooring thereby
providing for each ship that uses the mooring a continuous record of the
friction coefficient between the buoy and the vessel.

The vessels arriving in Ashkelon are loaded and will discharge their
cargo. For purposes of this document it is assumed that the maximum draft
of the arriving vessel is 25 meters. The maximum wave condition for
approach and mooring is set to Hs = 5 meters in this case. A safety margin
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between the vessel and the buoy of 7.0 m is set. The buoy is 8 meters high
requiring a minimum water depth in the mooring area of 25 +7 + 8 =40 m.

The water depth in the chosen mooring area is only about 37 m.
Therefore, in order to provide space for the buoy a circular area with a
diameter of 100 m will be dredged to a depth of 44 m. - The additional 4 m
over depth allows for sedimentation for several years until maintenance
dredging is required.

2.2.3 Cargo Transfer

The cargo to be transferred in the case at hand is fresh water and
therefore unique in the sense that it is nonpolluting and normally can be
discharged freely to the sea. This makes it possible to use simpler designs in
the cargo transfer system with fewer safeguards against leakage and spills
compared to petroleum transfer systems. Later in this section a normal
petroleum or gas transfer system will be described.

The proposed water transfer system is shown in Fig 2-3.

Hatch
hip's Keel
Fluid Path K /— Ship's Kee

Fluid Path Fluid Path

K—Mooring Chain (typ)

Fig 2-3 Fresh Water Transfer System




ship. One disadvantage of the arrangement shown in Fig 2-3 is the
downward pressure indicated by the arrows in the center of the buoy. This
pressure counteracts the suction that presses the buoy onto the ship’s keel.
However, it acts on a much smaller area than the suction. As an example
consider that the suction acts between two sealing circles with diameters 21
m and 8 m respectively. Assume that the differential hydrostatic pressure is -
90 kPa, then the compressive force is 27000 kN as previously calculated.
Assume further that the differential hydrostatic pressure in the center of the
buoy is +200 kPa, then the repulsive force in the center of the buoy is
m*4*4*200=10000 kN resulting in a minimum net attractive force between the
buoy and the vessel of 17000 kN. The latter only occurs at the end of the
discharge process or in the beginning of the loading process when the vessel
is ballasted. At any other time the compressive force and thereby the
mooring capacity is larger.

The vessel monitors the mooring force at all times. Monitoring the
mooring buoy position through the GPS positioning system does this. The
known mooring response curve then provides the force. Therefore, the
vessel can continuously monitor dangerous combinations of center well
pressure and mooring capacity. In the event that such dangerous
combination is approached then the vessel may take action by reducing the
center well pressure. This would in turn reduce the cargo transfer rate.

2.3 PETROLEUM CARGO TRANSFER

A more common use of the buoy is for the transfer of oil and/or gas
between the vessel and the riser. In this case the pressure in the center well
of the buoy would normally be maintained at close to atmospheric pressure.
In this case the center of the buoy would provide additional compressive
force and thereby assist in the mooring.




Fluid Paths

T %0,

Connectors / Ship's Keel

Fluid Path Fluid Path

A [FOE
mRMooring Chain (typ)
Fig 2-4 Petroleum Cargo Transfer Fluid Paths

The mooring shown in Fig 2-4 is similar to the mooring shown in Fig 2-
3 except that the fluids are transferred in separate pipes (Fluid Paths) as
shown on Fig 24. In this case a fluid connection is established after mooring
by connecting the pipes in the vessel to the pipes in the buoy at the
connectors shown on Fig 2-4. Note that the buoy is not centered in the
opening in the ship’s bottom. Positioning the ship over the buoy for the
mooring during the mooring operation cannot be done with complete
accuracy. This is particularly so because of the 13 seconds delay between
the decision to maké the mooring and }he actual mating between the buoy
and the vessel. Test performed at Nichol's Advanced Marine in Arlington
showed that the mating can be consistently performed with an accuracy of
about 3 meters in conditions with Hs = 8 m. In lower wave heights the
operation can be performed with better accuracy. It is expected that
experienced operators of the system will consistently be able to perform the
mooring with a deviation between the center of the buoy and the center of
the hull opening of less than 2 meters.

Assume that the fluid pipe assembly has a diameter of 1.5 m and that
the diameter of the inner sealing circle is 10 m. An opening in the bottom of




the vessel of 5.8 m then assures that it is possible to make the fluid
connection whenever the deviation of the buoy is less than 2.1 m from the
centered position. Check calculations: Opening 2*2.1m + 1.5m = 5.7 m < 5.8
m, Sealing circle 2*2.1m + 5.8m = 10m.

A 13.5 m diameter inner sealing circle with 7.5m opening in the bottom
of the ship would in this case ensures a 3 m tolerance on the positioning of
the buoy on the bottom of the ship.

The fluid paths rotate relative to the ship when the ship changes
heading. Therefore, a fluid swivel is required. This is located on the vessel.
This fluid swivel may be an ordinary swivel stack permitting unlimited
rotation. Alternatively, the fluid swivel may be of the limited number of
rotations kind. There are several such types. The limit on the number of
revolutions is 1.5 in the case of a drag chain and may be 12 or more in the
case of another swivel. Power to turn the swivel must be provided. A
powered servomechanism may be used or torque may be transferred from
the buoy to the swivel. The system proposed here use torque transfer. A long
member of triangular cross section will serve the dual purpose of supporting

Fluid P,aih_f ’T_.Fjujd Path
N P Fluid Paths

Fluid Swivel . —Fluid Swivel Skid

Moonpool —\
\ —Torsion Bar
y

Torsion Bar Connector j
Keel

/—Fluid Connector

foi i gO?
uid ra

I uid ra

Fig 2-5 Petroleum Transfer System General Arrangement
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the fluid paths and to serve as a torque bar. The buoy is placed on the
bottom of the ship at random within the mooring area. Therefore, the swivel
can be moved such that it is always placed vertically above the center of the
buoy.

Fig 2-5 shows the general arrangement of the fluid transfer system. A
fluid swivel on the deck of the ship is connected through a moonpool to the
center of the buoy by means of a triangular torsion bar. The torsion bar is
mated at the buoy to a triangular female receptacle. The fluid pipes are held
to the torsion bar by sleeves. Thus alignment with the fiuid connectors on the
buoy is automatically achieved. The torsion bar can be raised and lowered
relative to the fluid swivel. The fluid pipes can be raised or lowered relative to
the torsion bar. During the mooring operation the torsion bar and the pipes
are all in their upper position. Following the mooring the fluid swivel skid is
centered above the buoy. Then the torsion bar is turned to align with the
buoy orientation. The torsion bar is then guided into and seated in the torsion
bar receptacle on the buoy. The fluid pipes are now lowered individually to
each connector and connected. Each pipe is pressurized with nitrogen and
the seal integrity is tested. Following the seal integrity test the nitrogen
pressure is increased further. The sealing area is in fluid communication with
the valve actuator in the corresponding valve in the buoy. The nitrogen
pressure actuates the valve to open. The valve is equipped with spring return
for automatic closure upon loss of sealing pressure. At disconnect the
operation is reversed. Instead of the testing of seal integrity the pipes are
flushed and cleaned such that no product escapes upon disconnect.

The fluid pipes are shown located on the exterior surface of the torsion
bar in Fig 2-5. However, they would ordinarily be located inside the torsion
bar. This location inside the torsion bar creates several advantages:

¢ The fluid pipes are shielded from impact damage

e The atmosphere inside the torsion bar may be maintained inert at
low cost and with high reliability.

2-11
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 Any leaking fluid is contained within the torsion bar. This provides
a double barrier against escape.

* The torsion bar may have a larger cross section for the same
overall assembly diameter. This enhances the structural capacity
of the torsion bar.

The fluid pipes are equipped with several safety devices that ensure
against all but minimal spills during emergency and/or accidental disconnect.
Controlled emergency disconnect is initiated if:

e The buoy moves on the bottom of the ship. This is detected two
ways, optically by an automatic monitoring system and
mechanically by a continuous comparison between tilt sensors
within the torsion bar and on deck.

e The mooring maintenance pressure rises to above a preset level.
This pressure is measured continuously at all 3 pressure
maintenance pumps.

e The vessel has an excessive excursion, either due to chain failure
or due to excessive weather conditions. This is detected by the
differential GPS system, which determines buoy deflection. Back-
up systems may consist of acoustic systems detecting movement
relative to beacons on the seabed or electronic triangulation
systems such as for example Motorola Miniranger.

e Emergency conditions aboard the vessel such as fire or collision.

Controlled emergency disconnect comprises the following steps:

e Reducing nitrogen seal pressure. This causes closure of thhe
valves on both sides of the connector, because these valves are
maintained open by the seal pressure. ‘

e [f time permits purging of the fluid paths by nitrogen

e Blow down of Seal nitrogen and release of couplers
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The vessel may now disconnect the mooring. In the event of
accidental violent moves of the mooring buoy the nitrogen seal pressure
maintenance system will automatically release all pressure and automatically
cause closure of both the automatic valves on both sides of the coupler and
the release of the coupler. This is automatic upon loss of sealing pressure.
The content of approximately 20 m of pipe will be released within the torsion
bar. Please note that all or nearly all this liquid will be trapped within the
mooring moonpool and may be cleaned up by the ship’s crew before the next
mooring.

Uncontrolled disconnect is forced by the release of the seal pressure,
either through rupture of the nitrogen piping or through the activation of
emergency blowdown systems. The seal pressure release causes automatic
valve closure (7 — 10 sec) and automatic release of couplers. The pipes
within the torsion bar may optionally be equipped with break-away couplers
that are actuated by the torsion bar being let down below a preset level. If so
equipped, the actuation causes a short time release of the fluids (7 — 10 sec),
closure of valves on both sides of the coupler and release of the couplers. All
couplers will likely be lost in this event, the torsion bar will likely be damaged,
and there may be some superficial hull damage in the moonpool area. The
buoy will in this case drop to its storage position well clear of the vessel.
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3. MANEUVERING TESTS

The initial development of the Hydrostatic Mooring was model tested
at the Danish Maritime Institute in Denmark, which proved that it was
physically possible to perform the mooring operation in adverse weather
conditions with up to 7.7 m of significant wave height. See appendices B, C,
and H. This was done with a free-floating ship model in the model basin,
which was controlled by elastic ropes, in order to emulate the maneuvering
required by the vessel prior to the mooring to the buoy. This procedure,
while demonstrating that the mooring operation was physically feasible, did
not properly account for the limitations of propulsion power and the human
intervention factor in making the actual mooring.

The maneuvering that is required by a ship to meet with the
Hydrostatic Mooring is to position the mooring area in the ship vertically
above the buoy in a circle which has a 3 m radius. The navigator then
judges the position of the vessel 13 seconds later. When this estimated
position is ideal, he actuates the buoyancy control system in the mooring
buoy by remote control, causing the buoy to rise in the water. Approximately
13 seconds later, the buoy impacts the bottom of the ship, thereby blocking a
water intake in the center of the mooring area. This causes the buoy to be
sucked on to the bottom of the ship and the mooring is accomplished.

By initial appearance, this procedure is nearly impossible because the
mooring area of the vessel has to be brought into a position which is no more
than 3 meters away from the theoretically ideal position in order to moor
successfully. When one considers that a 150,000 DWT vessel is 280 m long
and that this operation may take place during storm conditions at sea, this
would appear to be an impossible task. In fact, this was the opinion of many
experts, prior to the tests made at Nichols Advanced Marine.

The present project included tests of the ability of a practical seafarer
to actually perform the maneuvers required to moor successfully to the
Hydrostatic Mooring in adverse weather conditions. The Nichols Advanced
Marine maneuvering simulator was used to emulate this operation. A
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maneuvering simulator is similar to a flight simulator, and is capable of
simulating all motions and to present a true real time response of the ship to
the environmental forces and the application of rudder, engine power, and
thruster power.

The maneuvering simulator actually existed prior to the tests, and only
needed to be programmed with the parameters of the ship used. The actual
ship was a 150,000 DWT vessel in partial loaded condition. Only one
loading condition was tested. The Hydrostatic Mooring needed to be
developed for incorporation in the maneuvering simulator. A mathematical
model of the mooring was built to faithfully emulate the behavior of the
Hydrostatic Mooring. This included the proper horizontal motions due to
direct interaction with the waves and the current. It also included the correct
vertical movement of the buoy, including the interaction with the vessel hull
when approaching the keel. These features were cross-checked in the
maneuvering simulation against the observed motion from the prior physical
model test.

The maneuvering that is required to moor to the Hydrostatic Mooring
system is a non-standard maneuver, which is not covered in any
maneuvering textbook. Therefore, Captain James Atkinson, an experienced
tanker navigator, was retained to develop the maneuvering procedures
required to meet with the buoy, to train on the simulator for three days prior
to the actual tests, and to perform the tests.

The tanker was equipped with an Elliott White Gill bow thruster type
T3. This is a thruster that can deliver thrust with a delay of six seconds in
any direction. This thruster comes in three versions with a 100 kN thrust,
150 kN thrust, and 200 kN thrust. Only the 150 kN and the 200 kN thrusters
were tested. During the training prior to the actual tests, it was determined
that the 150 kN thruster had inadequate thrusting power and therefore, the
tests were only done with the 200 kN thruster. This is the largest unit that is
manufactured by Elliot.




This is not a limitation on the application of the technology because
several thrusters may be built into a large tank ship.

During the training exercises, the results and outcomes were not
recorded, other than for training purposes and to improve operations. No
report was made concerning the experience during the training exercises.

Following the training exercises, a program for twenty five tests was
carried out. The program is listed below, in Table 3-1. All tests were made
in deep water. The winds, the waves and the currents that were present in
the test area are also listed in Table 3-1.




TABLE 3-1

Tests Conditions

Simulation Wind Waves Current
Run # Speed Direction | Significant | Direction Speed Direction
(knots) | (degrees Height (degrees (knots) (degrees
from) (m) to) to)
10 0 0 0 0 0 0
11 0 0 0 0 0 0
12 0 0 0 0 2 180
13 20 0 3 180 0 0
14 20 0 3 180 0 0
15 20 45 3 225 1 180
16 20 45 3 225 1 180
17 20 90 3 270 1 180
18 20 90 3 270 1 180
19 25 0 5 180 0 0
20 25 0 5.1 180 0 0
21 25 45 5 225 1 180
22 25 45 5 225 1 180
23 25 90 5 270 1 180
24 25 90 5 270 1 180
25 25 90 5 270 2 180
26 25 90 5 180 2 180
27 40 0 8 180 0 0
28 40 0 8 180 0 0
29 40 0 8 180 1 135
30 40 0 8 180 1 135
31 40 0 8 180 1 90
32 40 0 8 180 1 90
33 40 0 8 180 2 90
34 40 0 8 180 2 90

It is notable that no existing moo}ing system can perform moorings in
significant wave heights of 5 m and 8 m, which were used in the test
program. Consequently, sixteen of the twenty-five tests were in conditions
under which no existing mooring systems can safely perform the mooring

operation.

All tests were successful, in the sense that the buoy safely met with
the vessel and was securely held by the vessel following mooring. In order
to transfer fluids, the deviation between the centerline of mooring area and
the centerline of the buoy, should not exceed 2.8 m. It is seen from Table 3-
2, that in five instances (20% of the tests) that the final position of the buoy
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on the tanker were outside this margin. In these cases, the buoy would be
released and the mooring attempt repeated. Table 3-2 lists the order in
which the tests were performed. The tests were made in ever more difficult
conditions. It is notable that among the last sixteen tests at 5m and 8 m
wave heights, only one failed to place the buoy in a position that petroleum
fluid transfer may be made. It is concluded that the navigator was not fully
trained at the beginning of the tests. It was further concluded that a fully
trained navigator can consistently place the mooring such that the buoy is
properly positioned for fluid transfer in more than 90% of all attempts for
conditions where the wave height is between 0 and 8 m.

The Hydrostatic Mooring would ordinarily be equipped with enough
compressed air power to make 4 to 8 mooring attempts without being
supplied with additional air. The maneuvering tests clearly demonstrate that
the mooring between a large vessel of 150,000 DWT, and the Hydrostatic
Mooring, can be made with extreme reliability, in all wave conditions up to a
significant wave height of Hs = 8 m.

It was not tested, but it is probable in view of the results of these tests,
that the mooring operation can be made with reasonable accuracy in even
higher waves. This, however, may only have theoretical interest, because
the operation of equipment aboard ship degrades at this level of wave height,
and it may therefore not have practical interest to be able to moor beyond Hs
= 8 m. Therefore, from a practical point of view, the Hydrostatic Mooring
would eliminate weather downtime associated with the operations of a
mooring system offshore. The importance of this can be appreciated from
the fact that a typical offshore mooring has a downtime of between 5% and
30%.
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TABLE 3-2
Tests Results

Simulation Mating
Run # Duration (sec) Center to Center Distance
(m)
10 1808 4.1
11 2156 0.9
12 1650 0.2
13 1785 1.25
14 3310 29
15 3328 3.1
16 2940 0.4
17 2872 1.1
18 2812 3.8
19 2205 2.6
20 2280 1.8
21 3664 2.5
22 1665 25
23 2160 20
24 2235 2.5
25 3465 1.8
26 391 27 1.5
27 5704 5.1
28 2145 2.8
29 2595 1.8
30 1530 2.0
31 4566 1.9
32 2760 1.5
33 3065 1.9
34 3540 1.7
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4. PRELIMINARY DESIGN

Prior to initiating this project, conceptual designs existed for the
Hydrostatic Mooring, that are similar to the design that is featured in this
report.

The previous designs were not adequate in detail and quality to gain
approval by the American Bureau of Shipping (ABS), and therefore, further
designs were undertaken to bring the level of design to a level that the
approval by ABS can be gained. The specific areas that required further
refinement were:

=  The sealing system between the ship’s hull and the buoy

The buoyancy control system

The main bearing between the two buoy parts

Main structure

An assessment of risk.

4.1 SEALING SYSTEM BETWEEN THE HULL AND THE BUOY

The sealing system between'the hull and the buoy are subject to
extreme conditions because the bottom of the ship is not designed to be a
sealing surface. In addition, significant relative motion takes place during the
mooring process, when the buoy initially contacts the bottom of the ship. The
buoy is pulled in approximately 300 mm following contact with the bottom of
the ship. Moreover, the bottom of the ship may not be plane. The structural
system is designed for an out-of-plane deviation of the ship’s bottom of 63
mm. The sealing ring around the perimeter of the buoy must cope with at
least this unevenness of the bottom of the ship and must cope with the
deflections which take place between the buoy and the vessel, when the
buoy is subjected to large horizontal and vertical forces.




A review of possible structural systems to cope with these extreme
conditions, reveal that only three systems were promising:

= Beam elements made from glass reinforced plastic

= FElements made from steel that were all connected to the main
structure by hinges

» Elements made from steel that pivot on an edge of the main
structure.

These structural elements must be able to resist the maximal external
hydrostatic pressure in presence of absolute vacuum on the other side. This
is a condition that may be encountered if the structural capacity of the
mooring system is exceeded during a tear off of the mooring buoy from the
bottom of the ship.

The glass fiber reinforced plastic elements are very attractive because
there are no sliding contacts between the structural elements and the main
structure. However, it was found that less than normal factors of safety
would be required to make the system work. Therefore, this system was
discarded.

Steel elements made from steel that are hinged to the main structure
were feasible. The main problem with these elements is the very large
structural capacity required of the hinges and potential wear of the pins that
would constitute the bearings in the hinges.

The third option, structural elements that are loosely held to the
structure and that pivots on an edge, was the solution selected. These
elements can be made strong enough to cope with all differential pressures
at normal factors of safety and can be made to safely deflect a distance
which in the actual case exceeds 600 mm. This large deflection capability
makes it possible to conform to all unevenness of the hull, and to maintain
sealing contact when the buoy is subject to extreme forces. Furthermore,
this large deflection prevents the sealing element from being damaged when
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the exterior fenders are fully deflected to protect the buoy and the ship from
mutual impact. '

The design is featured in Appendix D, on Figs 1-6 through 1-8.

4.2 BUOYANCY CONTROL SYSTEM

The buoyancy control system must be capable of increasing the
buoyancy of the buoy by approximately 15 metric tons per second for
approximately 8 seconds in order to give the buoy the proper upward velocity
and in order to constrain the time between actuation and actual mooring.
This time should be as short as possible, in order to reduce the uncertainty
associated with the navigator having to predict the future position of the ship
when he makes the decision to moor.

A working design of the buoyancy control system existed prior to this
project. This project refined the buoyancy control system. Refinements
comprised:

» Simplification of the control systems previously used
» Provision of an automatic and passive buoyancy removal system

» Determination of the behavior of the system during multiple
mooring attempts.

-

In the prior system, the buoyancy control system consisted of a
permanent medium pressure tank, in which the internal water level could be
controlled and thereby the buoyancy of the buoy slowly changed. This tank
has been eliminated such that the buoyancy of the buoy can only be
changed rapidly through the buoyancy control system, and alternatively
changed by divers regulating the water level inside trim tanks. This reduces
the complexity of the system and the cost. Particular details can be found in
Appendix D, Chapter 3. Systems operations are depicted on on Fig 4-1
through 4- 3.
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Mooring Condition: Start of Rapid Ascent

Time=1 +05sec

At Time =t the vessel commanded valve 4 to open. Valve 4 opens fully

in05sec.

Figure 4-1 Start of Rapid Ascent
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Hydrostatic Mooring -~ Buoyancy Control

Mooring Condition: Rapid Ascent

Time=t+4sec

Rapid Ascent. Air flowing through valve 4 increases the buoyancy at a rate
of 15 tonnesfsecond. Bouy rises in the water at a rate of up to 1.5 misec.




Hydrostatic Mooring - Buoyancy Control

Mooring Condition: Maximum Buoyancy Time=1t+9sec

The rapid ascent system automatically closes valve 4 when reaching
maximum buoyancy. This is controlled by a timer in the control system.

Figure 4- 3 Maximum Buoyancy
4-6
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The automatic and passive elimination of the buoyancy created by the
buoyancy control system is achieved by having small holes in the rapid
ascent buoyancy tank that will let all air out within 15 minutes after the tank is
being filled. Since the tank only needs to work for approximately 13 seconds,
it does not have to be airtight, and the provision of the controlled leaks
greatly enhances the security of the system by making it impossible for
biologically generated gases to be captured within the rapid ascent buoyancy
volume. Such capture could cause the buoy to surface unexpectedly.

4.3 MAIN BEARING

The main bearing design that existed prior to this project was based
on LUBRON sliding elements in contact with a ring, which was immersed in
lubrication oil. This concept is reliable, however, the tolerance on the bearing
ring is very small and represents a manufacturing problem. The tolerance is
within what sophisticated machinery can do but it increases the cost of the
bearing to have to comply with the tolerance requirements of the LUBRON
bearing pads.

The oil bath in the previous design floated on top of the water, and
therefore has the surface between the oil and the water pointing downwards.
A potential problem is that any gas generated for whatever reason tends to
accumulate above the oil bath and will tend to force the oil out of the bearing
thereby potentially cause pollution of the water.

Another problem with the LUBRON bearing is that any grit that is
present in the water may become mixed with the lubrication oil. This would
cause rapid wear of the LUBRON bearing.

For these reasons, alternative options for the design of this bearing
were explored in this project. It was found that Hillman rollers manufactured
by the Hillman Company in New Jersey would have better characteristics
than the LUBRON bearings.




These rollers could be operated such that they are immersed in
seawater continuously. The potential problem that would originate from this
is that marine growth would attach itself to the bearing surfaces and
hardware. This could possibly interfere with the operation of the chains that
guide the rollers. Testing would be required to ascertain whether this is a
problem or not, therefore, a solution was found where this potential problem
is avoided.

The buoy has a large amount of air available for purposes of providing
the variable buoyancy during ascent. A very small fraction, less than 1%
could be used to maintain the Hillman roller bearing in air using a trap of the
type used for the lubrication oil in the LUBRON bearings. The Hillman rollers
would be subjected to immersion in seawater when the buoy descends and
the air in the trap compresses. Following the descent, a small amount of air
would then be bled into the roller bearing housing. The marine growth, which
might otherwise grow on the bearing elements, is then avoided.

The main disadvantage of this system is that another mechanical
system is required to replenish the air that is compressed when the buoy
descends.

The proposed mechanical system for this purpose is extraordinarily
simple in that the main high-pressure system in the buoy would have an
accumulator attached to the high-pressure air replenishing system. This
accumulator is furnished with a very small continuous bleed connection into
the roller bearing housing. Following disconnect of the buoy, this bleed
connection will continue to bleed air into the roller bearing housing for an
hour. No valves or any other control systems are required in this system.

4.4 STRUCTURAL DESIGN

In a specific structural design the buoy would ordinarily be made for a
specific vessel at a specific location. Since the approval by the ABS is an
approval in principle, it was agreed with ABS prior to the signing of the
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contract that a sample design using a horizontal mooring force of 6,000 kN
would be satisfactory.

The sample design is intended for tankers that transport water
between Turkey and Israel. Since it is economical to use the very largest
sizes of tankers in this traffic, the buoy was designed for the draft of a
500,000 DWT tanker, which is 25 meters.

The absolute lowest pressure that is possible on the upper surface of
the buoy, when being moored to the tanker, is the vapor pressure of
seawater, at the ambient temperature. This pressure is very close to
absolute vacuum. Consequently, for design purposes it is considered that
the hydrostatic pressure above the buoy may reach absolute vacuum.

The external pressure is the absolute hydrostatic pressure at the
water depth in question. For the tankers in question, this ranges from 25 m
maximum to a minimum of 4 m (350 kpa -140 kpa).

In addition, the mooring must be designed for a simultaneous
application of a horizontal mooring force ranging from zero to 6,000 kN.

The structural system in the buoy must be able to withstand
differential forces, which arise from unevenness of the ship’s bottom. A
general consideration of unevenness is that any point of the ship’s bottom
may deviate as much as 63 mm from the plane which most closely
represents the position of the ship’s bottom in the mooring area.

The contact element between the buoy and the ship’s bottom are
Trellex Morse Fender Bar fenders. These are solid rubber fenders with very
high compressive force capability and relatively limited compression with a
maximum compression of 150 mm.

Individual beams to provide the structural strength backing these
fenders are provided. In addition, the fender area must be watertight and
therefore a steel membrane is placed immediately below the fenders. Refer
to the Drawings attached to Section 2 in Appendix D.
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Beams are required to resist the large forces that are involved in this
system. A network of steel I-beam resembling a honeycomb is consequently
placed immediately below the surface area of the buoy. The voids between
the beams could act as traps for gases that are present in the water and may
trap some of the air that is let out when the mooring has been accomplished.
Such trapped air could add sufficient buoyancy to the buoy that it would not
descend after being released from the vessel. Therefore, the voids need to
be filled with a material. For the purpose of this report, timber has been
selected as the fill material in these areas. The timber provides a small
amount of buoyancy, but more importantly, the timber provides structural
assist to the I-beams by preventing buckling of the web plating, and also fills
in the voids, thereby preventing the accumulation of any gas.

Other elements of the structural design the buoy are standard and are
shown in Appendix D, Section 2.

4.5 FAILURE TREE ANALYSIS

The ABS, as one their requirements, require a failure tree analysis of
the buoy to ascertain the sequences of events, which might lead to
uncontrolled oil spills or other undesirable consequences of operating the
buoy.

This, of course, is not a concern for a buoy design for transferring
water. However, since the principal objective of the buoy design is to use it
for petroleum transfer operation, the ABS requires such an analysis. This
analysis is contained in Section 4 of Appendix D.
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5. AMERICAN BUREAU OF SHIPPING APPROVAL

The American Bureau of Shipping (ABS) was retained in December
1999 to provide approval in principle for the mooring system. Two submittals
were made to ABS. The initial submittal in April 2000 of the mooring tests
and the maneuvering tests that were performed prior to and in connection
with this project. This submittal is Appendices A, B, and C, in this report.

Following on July 7, Appendix D to this report was submitted to the
ABS.

The correspondence by letter and e-mail with ABS is contained in
Appendix E.

As of August 5, 2000, ABS requires the following calculations, which
we will provide.

» Floating stability calculations of the buoy. This was actually tested
in the physical model in Denmark and calculations exist for prior
versions of the buoy. However, they need to be updated for the
present design.

* Inclusion of corrosion allowance in the design of the members

» Calculation of stake piles used as anchors in the seabed. Han-
Padron Associates carried out-this work in late July, but has not yet
been received.

=  An assessment of mechanical wear of the fluid risers and the
mooring chains is also required.

It is anticipated that these calculations will be submitted to ABS late
August 2000.
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6. CONCLUSIONS

The main conclusions from the work carried out under this contract
are;

An ordinary seafarer can learn by training on a simulator, to moor
large tanker vessels to the Hydrostatic Mooring, safely and quickly, in all
weather conditions up to storms generating waves with a significant wave
height of 8 m.

Complete conceptual design of the Hydrostatic Mooring buoy was
carried out which proved that the buoy could be constructed entirely from
commercially available standard components and materials. The design is
robust, and damage resistant.

The mooring tests had a 100% success rate from the point of view of
the buoy being securely attached and moored to the vessel following every
mooring attempt. The tests had an 80% success rate from the point of view
of the buoy being adequately centered such that petroleum transfer
equipment on the vessel could be attached to the corresponding equipment
on the buoy.

The results given in Table 3-2 of the mooring tests show a consistently
improving performance from test to test by the Captain that performed the
mooring operations. This is not surprising, in view of the fact that the Captain
had only three days of training on the simulator prior to conducting the tests,
that the maneuvering required is non-standard, and the test program itself
lasted four days. One conclusion of the test performance is that the Captain
was not fully trained at the initiation of the test.

It may therefore be concluded that a thoroughly trained navigator
would probably be able to make the mooring such that the fluid transfer
equipment can be connected with reliability in excess of 90%. Considering
that the typical standard buoy has enough power aboard to make eight
mooring attempts, this implies that the probability that the mooring attempt
should fail because of the inability to connect the fluid transfer equipment is
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of the order of 108 It may therefore be concluded that the mooring
operation between a Hydrostatic Mooring and a large tanker vessel can be

carried out with near absolute reliability in all sea states up to a sea state
where the significant wave height is 8 m.
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1 PREFACE

This report presents the results from a simulation study performed by Nichols Advanced
Marine, Crystal City, Virginia, for Suction'Mooring Technology, Princeton Junction,
New Jersey. The study was conducted under funding from the Department of Energy for
Energy Related Inventions Program project titled “The Hydrostatic Mooring”, DE-FG36-
98G010321. The objective of the study was to investigate by use of a ship handling
simulator how precisely an experienced mariner would be able to position a tanker in the
125.000 to 150.000 DWT range approaching a Hydrostatic Mooring buoy under heavy
weather conditions. All simulation runs were conducted at Nichols Advance Marine.

2 INTRODUCTION

The hydrostatic mooring concept uses a moored buoy with a buoyancy chamber that
enables the control of the vertical location of the buoy. The buoy is located about 6 meter
below the draft of tanker during approach. The tanker is equipped with a moon pool, a
hole in the bottom of the tanker with a diameter of 5 meter. The moon pool may be
connected with a pipe to the free surface, but the moon pool itself is only a few meters
high. When the center of the moon pool is above the buoy the mariner will push a button
that will activate the buoyancy control system in the buoy. The buoy will move upwards
to the bottom of the tanker in about 12 seconds. The water in the moon pool is removed
by the bow thruster, which has the water intake from the moon pool. The bow thruster is
an Elliot White Gill thruster type. When the buoy is in the mated location under the
bottom of the tanker, it is fixed to the tanker by the pressure difference between the
surrounding water and the pressure in the moonpool. Water leaking past the buoy /
tanker bottom seal is removed continuously by a drainage pump.

The objective of the simulation study was to evaluate the difficulty for an experienced
mariner to maneuver the tanker under heavy weather conditions to approach the buoy and
connect. The buoy in connected location must cover the moon pool. The distance from
the center of the buoy to the center of the moon pool should be less than 5 meters for
making a fluid coupling. The buoy will be captured within a distance of 7.5 meters. The
speed of the tanker at time of mating should be less than 2 knots.

This report presents results from 25 simulation runs which were carried out during the
week of February 1 to 5, 1999 with a 150.000 DWT tanker. During all simulation runs,
the simulator was under the command of Capt. James A. Atkinson. He is a very
experienced mariner and pilot with more than 30 years of experience. The simulations
were supervised by Mr. J. Korsgaard.
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3 SHIP AND SIMULATION MODEL

The simulation of the maneuvering of the tanker and the buoy was carried out on Nichols
Advanced Marine’s engineering shiphandling simulator. The simulator was setup with
ship control console and displays as follows:

(D

2)

3)

4

©)

Normal Ship Control Console with Helm and Engine Throttle, and a button for
release of the buoy. The console displays ship heading, rudder angle, engine
RPM, Doppler speed, which is the ship speed over ground. Lateral speed is given
at the bow and the stern.

A virtual azimuth thruster control. The instruments were shown on a PC monitor,
and controlled by a mouse. Thrust direction O to 359 degrees and throttle 0 to 100
percent.

Precision Navigation Display on a monitor at the ship control console shows an
icon of the ownship and the mooring buoy and response in real time to motions of
ship and the mooring buoy. The display simulates the input from DGPS position
of the ship and buoy. A red vertical line on the screen was the track line to the
buoy. Distances from the buoy to the center of the ship were given in east-north
coordinates.

Nichols Advance Marine’s Virtual Marine Scene generation program was used to
create an Out of Window View from the bridge of the tanker with sea surface (3D
waves) displayed with a monitor. The screen included a picture of the camera
view from the center of the moon pool 3 meters above the bottom of the tanker.
The opening in the bottom of the tanker was set to 10 m in diameter to give a
larger viewing area, and also it is the area, where it is possible to make a fluid
coupling. A red circle inside showed the 5 m diameter of the moon pool. Two
thin cross hairs were placed over the opening to help the captain durmg the
mating process. Furthermore, a third picture was provided that showed an under-
water camera side view of the buoy and tanker with the moon pool. The last
viewing point was detached from the ship and fixed in space, the other two
viewing points were moving with the ship. This last picture was only used for the
check-out of the simulations and in the familiarization of the mating procedure.
In the evaluation simulation phase the picture was changed to an outside view of
the tanker. The viewing point was located north of the buoy.

The buoy was white on the top with four concentric circles in black color. The
innermost circle was 6 meter in diameter and 1 meter wide. On the edge of the
buoy was a 12 sided polygon to show the fender on the top of the buoy. In the
center of the buoy was a cross, one by one meter, for the identification of the
center of the buoy.
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3.1 Mathematical model

The simulator uses a physics-based 4-degree of freedom (4-DOF) hydrodynamic model
for the maneuvering of the ship, which has been used for shiphandling bridge training
simulators over many years in the U.S. and abroad. The simulator includes wave drift,
wind and current forces. Furthermore, the hydrodynamic model contains a model for
the Elliot White Gill thruster and machinery dynamics for a slow speed diesel engine.

3.2 Ship Characteristics

The selected ship is a tanker with the following characteristics:

Table 1 Ship Characteristics

Length, overall, m 289.59
Length, b.p., m 278.90
Beam, mid., m 44.20
Draft, m 13.72
Propulsion System Direct Diesel
Displacement, tons 130287
Maximum Speed, knots 16.00
RPM 100.00

The main propulsion plant is a slow speed diesel engine, direct reversing, with a
minimum engine speed of about 25 RPM, which will give the ship a speed of 4 knots.
The number of starts is limited to 12 per hour. Definitive maneuvers were performed for
turning, zig-zag, and stopping. A listing of the maneuvering characteristics are shown in
Table 2, and plots of the maneuvers are shown in APPENDIX L

Table 2 Maneuvering Characteristics for tanker

Turning Maneuver -
Approach speed [knots] ‘ 16.00
Rudder angle [degrees] 35R
Non dimensional advance 3.28
Non dimensional transfer 1.31
Non dimensional steady diameter 2.10
Non dimensional tactical diameter 3.07
Time at 90 degrees 155.16
Time at 180 degrees 324.58

20/20 Zigzag
Approach speed [knots] 12.00
First overshoot angle [degrees] 15.15
Second overshoot angle [degrees] 17.38
Third overshoot angle [degrees] 15.62
Fourth overshoot angle [degrees] 14.31

JPOUSNS U
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Stopping Maneuver
Approach speed [knots] 16.00
Time to stop ship [sec] 886.25
Non dimensional advance 11.55
Non dimensional transfer 0.08
Final heading change [degrees] 46.19

The ship was equipped with an Elliot White Gill thruster, which uses a pump to draw
water from the moon pool when the buoy is detached from the tanker. When the Gill
thruster runs dry from the moon pool a valve: will open and supply the thruster from the
sea without loosing its thrust. The Gill thruster is able to rotate 360 degrees and deliver a
maximum of 15.3 tons thrust. After one day of simulation, it was judged to be too small,
and the maximum thrust was increased to 20 tons. This is the largest unit available from
the Gill thruster catalogue.

3.3 Wave Motions of Tanker

6-DOF ship motions of the tanker were calculated by using a linear strip theory approach
to determine the response amplitude operators (RAQ’s) and phase angles relative to the
waves in the frequency domain. The calculations follow normal seakeeping practice
using a strip theory method according to Salvesen, et al., published in the Transactions of
SNAME 1970. Added mass and damping are approximated by curve fits to model tests
by Vugts, “The Hydrodynamic Coefficients for Swaying, Heaving, and Rolling Cylinders
in a Free Surface. The on-line calculated frequency domain ship motion RAO’s are
converted into time domain motions by multiplying each regular wave component (10) of
the sea spectrum with the appropriate RAO values and adding the results together. The
spectrum is of the Bretschneider type, which matches the visual system.

The 6-DOF RAQ’s are shown in APPENDIX II. The RAQO’s are shown for 180, 150,
120, 90, 60, 30, O degrees heading, where 180 degrees is head sea, and 0 degrees is
following sea. Each RAO is shown for wave Jength to ship length ratio from 0.4 to 5.0.
The simulation program calculates the RAO’s online for the actual wave history due to
heading, ship speed and wave frequency.
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3.4 Buoy Model

The suction mooring buoy main characteristics are two cylinders on top of each other
with the following dimensions:

Diameter of top cylinder [m] 27.0

Height of top cylinder [m] 2.0

Diameter of lower cylinder [m] 6.0

Height of lower cylinder [m] 7.0

The lower cylinder is connected to the top cylinder by a cone.
Total height of the buoy [m] 10.0

Displacement [tons] 800.0

The buoy was handled as a traffic ship in the simulation, which means that the position
will be displayed together with motions due to waves. The buoy will have different
motion characteristics in the initial location, which was set to be 20 m below the water
surface (or 6 m below the keel) than when the buoys moves closer to the bottom of the
tanker due to changes in wave motion and mass of the buoy.

A 6-DOF motion program was developed for the buoy motion using a similar linear strip
theory approach as described in Section 3.3. However, there is no free surface effect for
the buoy since it is submerged all the time. The restoring forces all come from the
mooring system. The mass of the buoy was kept constant. The wave excitation forces
were made a function of the water depth. Furthermore, the roll and sway RAO’s for
beam sea are equal to the pitch and surge RAO’s for head sea, respectively. The yaw
RAO is put to zero since the buoy is free to rotate. When the buoy raises up to 1.5 m
below the tanker bottom the buoy pitch and roll motion are made equal to pitch and roll
motion of the tanker, respectively. This is consistant with model test videos provided by
Suction Mooring Technology. The RAO’s for water depth of 20 meter are shown in
APPENDIX III. The RAO’s are shown for 180, 150, 120, 90, 60, 30, O degrees heading,
where 180 degrees is head sea, and O degrees is following sea. Each RAO is shown for
wave length to ship length ratio from 0.4 to 5.0. The simulation program calculates the
RAO online for the immediate wave history due to heading, ship speed, wave frequency.
As the buoy moves up towards the bottom of the tanker, the RAO’s change as a function
of water depth. This change may be insignificant as the transition only takes about 12
seconds, it was not included.

3.5 The Mating Process

The mating process is from the time the shiphandler pushes the release button until the
buoy is located at the bottom of the tanker. The transition time is about 13 seconds. The
simulator uses two input functions, buoy distance and buoy velocity as function of buoy
time from release. The first two thirds of the distance from initial location to the tanker
the simulator uses interpolation of the first curve. The rest of the vertical transition
moves the buoy location by buoy velocity times the simulation time step. The second

¥ v v gy e
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method is added because the tanker and buoy motions change the distance between them T
due to wave motion during the time of transition, and could be longer than the distance in
calm water.

The ship console was equipped with a release button.

The distance between the center of the buoy and the moon pool was calculated, and if the
distance was greater than 5 meter the mating process was set to fail. In a similar manner
if the speed of the tanker during mating became more than 2 knots the buoy would not
hold the tanker and the mooring attempt fails.

3.6 Buoy Mooring System

When the buoy is mated the tanker is moored to the buoy. The mooring forces due to
excursion of the tanker and buoy were calculated by interpolating a lookup table.

3.7 Scenario

The simulations were carried out in an open ocean scenario with 50 meter of water depth.
The scenario did not contain any navigational aids.

4 ENVIRONMENT

The environment consists of contributions from current, wind, and waves, which are ‘
included in the maneuvering model. '

4.1 Current Data

The maneuvering equations are written in terms of relative velocities and yaw rate to
allow the introduction of a current velocity, which may vary along the length of the ship.
The relative longitudinal and lateral current velocity in the body axis system are
calculated and used in the maneuvering equations.

4,2 Wind Data

The wind velocity is assumed to consist of two components having the same direction: a
steady or mean velocity and a random, time varying velocity, which is described by the
Davenport wind spectrum. The unsteady wind velocity is divided into ten bands of equal
energy and by representing each energy band by a sinusoidal velocity having one tenth of

the total energy.

The input wind velocity is assumed for 10 meter above the sea level. The wind velocity
is adjusted to the height of the wind center of the ship due to the boundary layer.
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The wind related data for the tanker are the following:

Front wind area [m?]: 739.2
Lateral wind area [m’]: 3572.6
Wind center above water surface [m] 6.33

A 50 knot head wind will result in about 25 tons of nominal longitudinal force.

4.3 Wave Data

Ocean waves in a fully or partially developed sea creates two types of forces on the ship:

o First order oscillatory forces centered on the dominant wave encounter frequency.

e Second order drift forces, which consist of a steady (time independent) component
and a low frequency component.

The first order forces are much larger in magnitude than the second order forces. The
motions that results from the first order forces are included in the 6-DOF ship motion
modeling described in Section 3.3 above. The second order wave drift forces are
calculated and included as external forces in the simulation.

A calculation of the average drift forces was made based on RAO’s from Dr. J.A.
Pinkster, Low Frequency Second Order Wave Exciting Forces on Floating Structures,
Publication No. 650, NSMB, Wageningen, Netherlands. The head sea RAO’s were
multiplied with the spectrum used in the simulator, and the results showed a reasonable
agreement with simulated values as shown on the Figure 1 below.

50

40 4

30

20 4

10 4

Average wave drift force [L.T.]

0 5 10 15 20 25 30
Significant wave height [feet}

e Nichols
Pinkster

Figure 1 Wave Drift Forces, Head Sea
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5 REAL-TIME SIMULATIONS

Twenty five real-time simulation runs, run #10 to run # 34, were carried out with
increasing severity of wind, waves, and current, see Table 3. All simulation runs were
carried out twice for the same weather condition, except for one condition, run # 12, a2
knots cross current with no wind and waves.

In preparation of real-time simulations, fast-time simulations were run simulating
definitive maneuvers, see Section 3.2. Furthermore, deceleration tests, and ship speeds
for different weather conditions were simulated. Three days were spent on
familiarization of ship behavior with a number of environmental conditions trying-
different maneuvering techniques. Different approaches were tried, and the learning
continued to the end of all the simulation runs, and more may be learned from continued
simulation runs.

The approach was to start about 1500 to 2000 m south of the buoy depending on the
weather condition. The simulation was started with a ship speed of 5 knots, and then the
ship was decelerated down to about 0.2 knots when the moon pool of the ship arrived at
the buoy, or the buoy came into camera view. Normally the engine was not stopped or
reversed except in very few cases. The thruster was used as a braking force only in the
initial runs, run # 10 to run # 23. Later the thruster was used as the only control device
when hovering over the buoy after an equilibrium heading was found that approximately
balances the forces. By using this technique the captain was able to stay over the buoy
for a long time at almost zero speed (about 0.2 knots). This would allow the captain to
make more than one mating attempt if necessary. The hydrostatic buoy allows for mating
at ship speed of less than 2 knots. The different technique of using a high speed (0.5 to
1.0 knots) and then miss the mating would make it necessary to make a new approach ;
might be more time consuming and less precise. The low speed approach was possible in
all weather conditions. 2

In APPENDIX IV for each simulation run is a the captain’s commentary, a log table of

position, RPM, Doppler speed, heading, turn rate, rudder angle, Gill thruster, wind and
current data, and finally a track plot of the last 15 minutes of the simulation run.

Table 3 Real-Time Simulations

Simulation Wind Waves Current Mating

Run Start Length Speed Direction Significant Direction Speed Direction Center to

# Time [secs] [knots] {degrees] Height [degrees] [knots] [{degrees] Center dist

[m] [m] :

10 8:25 1808 0 0 0 0 0 0 4.1 ;
11 9:25 2156 0 0 0 0 0 0 0.9 .
12 10:10 1650 0 0 0 0 2 180 0.2 .
13 10:45 1785 20 0 3 180 0 0 1.25

14 11:30 3310 20 0 3 180 0 0 29

15 13:30 3328 20 45 3 225 | 180 3.1

16 14:30 2940 20 45 3 225 | 180 0.4

17 15:35 2872 20 90 3 270 1 180 1.1

18 16:30 2812 20 90 3 270 I 180 38

19 8:00 2205 25 0 5 180 0 0 26 '
20 8:45 2280 25 0 5.1 180 0 0 1.8 i

TN T I

T, ST T S




- Y ST

Nichols Technical Report A1032.99.000.01

21 9:30 3664 25 45 5 225 1 180 2.5
22 10:50 1665 25 45 5 225 1 180 2.5
23 11:30 2160 25 90 5 270 1 180 2.0
24 14:00 2235 25 90 5 270 1 180 25
25 14:40 3465 25 90 5 270 2 180 1.8
26 16:25 3912 25 90 5 270 2 180 1.5
27 9:25 5704 40 0 8 180 0 0 5.1
28 9:50 2145 40 0 8 180 0 0 2.8
29 10:40 2595 40 0 3 180 1 135 1.8
30 11:30 1530 40 0 8 180 i 135 2.0
31 13:15 4566 40 0 8 180 1 90 1.9
32 14:30 2760 40 0 8 180 1 90 1.5
33 15:25 3065 40 (V] 8 180 2 90 1.9
34 16:25 3540 40 0 8 180 2 90 1.7

The captain was able to make a mating of the buoy within the set criteria of 5 m from the
center of the moon pool to the center of the buoy in all simulation runs except one, run #
27 (5.1 m off). This simulation run # 27 was very long, 5704 seconds, and it was stopped
before a successful mating was achieved. If the captain had used a little longer time, he
would have been able to make a closer mating by repeating the mating.

There is no correlation that shows that the second run with the same weather condition
was shorter than the first run. However, in eight out of the twelve repeat runs the second
mating was closer or equal to the target than the first one.

The results of all the run used for recording gave the following results:
Minimum distance 0.2 m
Maximum distance 5.1 m
Average distance 2.1m
Standard deviation 1.1 m

The longer simulation time for the higher weather conditions was affected by an effort by
the captain to make the mating within the moon pool diameter of 5 m, which was
achieved with patience and a large portion of ship handling skills.

In all the recorded simulation’runs (run # 10 to run # 34), a 20 tonnes static thrust bow
thruster was used. The captain felt that the rudder rate, which is the minimum approved
by the classification societies (2.33 degrees/min), was too slow. A higher rudder rate
(e.g. 3.33 degrees/min) may improve the performance, but it was not tested. A high lift
rudder might also improve the performance. The ship, as expected, was very slow to
respond when the rudder was hard over.

6 AN EXPERIENCED PILOT’S EVALUATION
The following is the opinion of Captain Atkinson:
During the simulation runs of the week of February 1 to 5, 1999, I found the Nichols

simulator to be very realistic. I was particularly pleased with how the movement typified
how I would have expected a 150.000 TWD tanker to move in the sea states that were
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simulated. Maneuvering was as anticipated for the type, size and draft of ship simulated,
and when “hovering” with the moon pool over the buoy, was very much as I would
expect with a real ship of the size simulated under the simulated conditions. I found it
impossible to hold any balance of forces in equilibrium, as the ship not only moved
continuously, but tended to accelerate and decelerate variously with the wave history
based on the simulated wave spectra.

For the very stringent requirement of positioning the moon pool over the buoy and to
achieve mating within a 5 meter radius of the buoy center, with the buoy also in varying
cyclical motion, I found the minimal rudder rate of the simulated ship, while typical of
some such ships, not high enough to satisfy me. That is not a criticism of the simulator,
but it does relate to desirable design feature of a ship that might be either built or
converted to serve as a shuttle vessel for suction mooring.

This week of simulation runs has been a very challenging and satisfying learning
experience.

7 SUMMARY AND CONCLUSIONS

A simulation study has been carried out with a man-in-the-loop to study how successfully
an experienced pilot could position a 150,000 TWD tanker above a hydrostatic buoy and
perform the suction mooring mating. A representative 150.000 TWD tanker in a partly
loaded condition was selected for use in the study. Definitive maneuvers were performed
(turning, zig-zag, and stopping) to check that the mathematical model, used in the
simulation study, had realistic maneuvering characteristics.

The most significant conclusions and recommendations include:
e The captain found the simulations with the 150.000 TWD tanker very realistic.

¢ The captain was able to move the moon pool of the ship over the buoy and keep it
there by using small adjustments, waiting for small waves to occur.

e The captain was able to mate the buoy to the tanker within a prescribed limit of 5 m
between the center of the moon pool and the center of the buoy in the majority of test
runs, and only in one case, he exceeded 5.0 m with 5.1 m. This was possible in all the
tested weather conditions up to 8 m significant wave height together with 40 knots
wind and 2 knots of current. The wind and waves were collinear. The current
direction was chosen for the following three configurations:

1. Collinear with wind and waves.
2. 45 degrees off the wind and wave direction.
3. 90 degrees off the wind and wave direction.

In 75 percent of the repeat runs, the captain was able to mate the buoy to the tanker
with a larger or equal accuracy than the previous run.

,~—‘~.,..._..,“4
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An additional camera mounted in front of the moon pool is recommended. It might
give the pilot more time to make appropriate maneuvers.

A faster rudder rate is recommended, increase the test rate of 2.33 degrees/sec to 3.33
degrees/sec. The higher rate was not tested, but is believed to result in substantial
improvement.

A high lift rudder would be recommended. The ship was very slow to respond to
hard over rudder. This change might reduce the mating time.

The Elliot White Gill thruster used had a maximum static thrust of 20 tons, which is a
minimum for proper performance for this type and size of ship.

11




APPENDIX I

Maneuvering Characteristics for Tanker

Turning Circle Trajectory
Left 20-20 Zig-Zag Maneuver
Stopping Maneuver Trajectory
Stopping Characteristics




Head Reach in Ship Lengths

Date:

Turning Circle Trajectory

~ NN

\\|l

\ \
0\£c§{\1, Tapker, partial load, 20 tons Gill thruster
[

3~ e /
- ! 7
/ // .
/,’ ,/ Turning Maneuvering Characteristics:
s
. V7 /8 7 ., Rudder Angle (degrees): 35.00R
5 ’ :;j ://, Approach Speed (knots): 16.00
, X .+ RPM: 79.06
Vi 75 .-~ Ship Length, L, (m): 278.90
, _-=" T90 (secs): 155.16
/ --~  T180 (secs): 324.58
AV ) A KR BN\ S Y - - - et o Steady Speed in Turn (knots): 4.18
1 / T Speed Loss in Percent: 73.85
AR T RN S T Advance (m): 916.94
! Transfer (m): . . 365.04
! Tactical Diam., TD (m): 856 .58
i Lf VAN N Nondim Tactical Diam., TD/L: 3.07
H Steady Turning Diam., D (m): 586.82
0 - Nondim Steady Turn. Diam., D/L.: 2.10
B Final Drift Angle (degrees): 22.21
; Steady roll angle (degrees): 0.17L
T Water depth: Deep
;
-1 - l
| 1 | | | |
-1 o 1 2 3 4 5
Side Reach in Ship Lengths
16-Feb-99  Time: 11:26:41




Left 20-20 Zig-Zag Maneuver

Ship Id: 150,000 ton, Tanker, partial load, 20 tons Gill thruster
Ship file no: 591
Run 1d:

Zig-Zag Maneuvering Characteristics:

Approach Speed (knots): 12.00
RPM: 70.09
Ship Length, L., (m): 278.90
Time to reach head. change (sec): 89.47
Overshoot Angle (degrees): 15.15
. Total Heading Change (degrees): 35.15
‘Width of Path at Execute (m): 31.05
Overshoot Width of Path (m): 575.34
Total Width of Path (m): 606.39
Reach (seconds): 327.46

2nd Overshoot Heading Angle (deg.): 17.38
3rd Overshoot Heading Angle (deg.): 15.62
Period (seconds): 603.54
4th Overshoot Heading Angle (deg.): 14.31

Water depth: Deep

Heading Angle
__________ Rudder Angle

Heading & Rudder Angle in Degrees

-40 T | T T T l T
0 200 400 600 800 1000 1200 1400

Time in Seconds
Date: 16-Feb-399 Time: 11:30:39




Head Reach in Ship Lengths

Date:

i

Stopping Maneuver Trajectory

Ship Id: 150,000 ton, Tanker, partial load, 20 tons Gill thruster
Run Id:

\
E
8 § Stop Maneuvering Characteristics
}: Rudder Angle (degrees): 0.00L
A ‘ﬁ Approach Speed (knots): 16.00
i Final RPM: -62.45
0 Ship Length, L, (m): 278.90
6 ﬁ T90 (secs): 0.00
l‘i T180 (secs): 0.00
2:: Advance (m): 0.00
| " Advance/L: 0.00
i Transfer (m): 0.00
i\ Transfer/L.: 0.00
4 Tactical Diam., TD (m): 0.00
Nomdim. Tactical Diam., TD/L: 0.00
Time to Stop Ship, T, (secs): 886 .25
| Advance in Stop (m): 3220.34
il Advance in stop/L: 11.55
ﬁ Transfer in Stop (m): 23.38
5 A Transfer in stop/L: 0.08
i
';g Water depth: Deep
I\
- i
i
i
|
0 | ] | I I T T | T | I |
-4 -2 2 4 6 8
I Side Reach in Ship Lengths
16-Feb-99 Time: 11:31:40
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APPENDIX 11

RAO’s for Tanker

Heading 180, 150, 120, 90, 60, 30, 0 degrees at zero ship speed
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motion.out

Page 1

Draft to depth ratio, h/t

= 3.64

Non Dimensional Ship Motions

Ship file: 0591

shipid: 150,000 ton, Tanker, partial load, 20 tons Gill thruster

Heading (degrees)
ship speed (knots).

Wave L,/ Omegae
ship L. 2pi/s
0.40 0.741
0.50 0.657
0.60 0.593
0.80 0.495
1.00 0.423
1.20 0.368
1.40 0.324
1.60 0.289
1.80 0.261
2.00 0.237
2.50 0.193
3.00 0.162
3.50 0.140
4.00 0.123

5.00 0.099

Omega
2pi/s

0.741
0.657
0.593
0.495
0.423
0.368
0.324
0.289
0.261
0.237
0.193
0.162
0.140
0.123
0.099

180.0
0.0
Heave

z/h Phase
0.04 -179.87
0.09 113.22
0.16 102.14
0.12 59.71
0.25 10.96
0.40 3.31
0.51 1.43
0.59 0.78
0.65 0.49
0.70 0.34
0.78 0.17
0.83 0.10
0.86 0.07
0.88 0.05
0.91 0.00

Pitch
Theta/kh Phase

0.02
0.05
0.05
0.29
0.47
0.58
0.66
0.71
0.75
0.78
0.84
0.87
0.89
0.91
0.93

9.27
~28.85
-85.58
112.33
104.20
-99.93
-97.55
-96.09
-95.11
-94.41
-93.33
-92.69
-92.26
-91.96
-91.58

Surge
x/h Phase
0.01 87.25
0.07 88.62
0.08 97.99
0.05 -141.86
0.22 ~104.59
0.40 -96.69
0.59 -92.24
0.77 -88.97
0.94 -86.29
1.00 -83.95
1.00 -79.00
1.00 -74.77
1.00 -71.00
1.00 -67.55
1.00 -61.41
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Non Dimensional Ship Motions

ship file: 0591

shipid: 150,000 ton, Tanker, partial load, 20 tons Gill thruster

Heading (degrees)
Ship speed (knots)

Wave L./ Omegae
Ship L. 2pi/s
0.40 0.741
0.50 0.657
0.60 0.593
0.80 0.495
1.00 0.423
1,20 0.368
1.40 0.324
1.60 0.289
1.80 0.261
2,00 0.237
2,50 0.193
3.00 0.162
3,50 0.140
4,00 0.123
5.00 0.099
Wave L./ Omegae
ship L, 2pi/s
0.40 0.741
0.50 0.657
0.60 0.593
0.80 0.495
1.00 0.423
1.20 0.368
1.40 0.324
1,60 0.289
1,80 0.261
2,00 0.237
2.50 0.193
3,00 0.162
3.50 0.140
4,00 0.123
5.00 0.099

Viscous contributions for roll motion,

= 150.
= 0.

Omega
2pi/s

0.741
0.657
0.593
0.495
0.423
0.368
0.324
0.289
0.261
0.237
0.193
0.162
0.140
0.123
0.099

Omega
2pi/s

0.741
0.657
0.593
0.495
0.423
0.368
0.324
0.289
0.261
0.237
0.193
0.162
0.140
0.123
0.099

0
0

Heave
z/h Phase

0.04 136.52
0.10 90.07
0.13  75.55
0.20 13.34
0.38  1.68
0.51  0.i8
0.60 -0.05
0.67 -0.05
0.72 -0.03
0.75 . -0.01
0.82  0.01
0.85  0.02
0.88  0.02
0.90  0.02
0.92 -0.01

Sway
v/h Phase

0.02 -50.71
0.04 -7.30
0.03 25.52
0.05 87.87
0.11 84.83
0.20 85.69
0.29 87.30
0.36 88.30
0.43 89.00
0.50 89.41
0.66 89.37
0.82 88.65
0.96 88.84
1.10 88.98
1.34 89.18

Pitch
Theta/kh Phase
0.02 -29.34
0.03 -79.19
0.11 -129.92
0.37 -115.10
0.50 -104.65
0.58 -99.87
0.63 -~97.33
0.67 -95.81
0.69 -94.82
0.71 -94.13
0.75 -93.08
0.77 -92.46
0.78 -92.07
0.79 -91.78
0.81 -91.44
Roll
£i/kh Phase
0.03 1.02
0.10 15.58
0.11 28.17
0.11 -148.95
0.33 -114.53
0.44 -100.92
0.48 ~94.40
0.49 -91.33
0.49 -89.46
0.49 -88.36
0.49 -88.01
0.48 -89.15
0.47 -88.78
0.46 -88.50
0.44 -88.12
1.50

Kappad =

Su.
x/h

0.02
0.05
0.04
0.10
0.26
0.42
0.58
0.73
0.88
1.00
1.00
1.00
1.00
1.00
1.00

rge
Phase

81.22
88.74
110.92
-110.60
~-98.16
-92.71
~88.94
-85.91
~83.29
-80.95
-75.82
-71.37
-67.37
-63.72
-57.27

Yaw

psi/kh Phase

0.01
0.01
0.04
0.12
0.20
0.27
0.32
0.38
0.43
0.48

- 0.61

0.73
0.85
0.97
1.19

1.34
119.06
165.96
174.09
177.49
179.69

-179.05
-178.05
-177.29
-176.62
-175.62
~174.74
-173.31
-171.93
-169.27
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Non Dimensional Ship Motions

ship file: 0591
shipid: 150,000 ton, Tanker, partial load, 20 tons Gill thruster

Heading (degrees)
Ship speed (knots)

Wave L,/ Omegae

Ship L,

0.40
0.50
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
2,50
3.00
3,50
4.00
5,00

2pi/s

0.741
0.657
0.593
0.495
0.423
0.368
0.324
0.289
0.261
0.237
0.193
0.162
0.140
0.123
0.099

Wave L./ Omegae

Ship L.

0.40
0.50
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
2.50
3.00
3.50
4.00
5.00

2pi/s

0.741
0.657
0.593
0.495
0.423
0.368
0.324
0.289
0.261
0.237
0.193
0.162
0.140
0.123
0.099

Omega
2pi/s

0.741
0.657
0.593
0.495
0.423
0.368
0.324
0.289
0.261
0.237
0.193
0.162
0.140
0.123
0.099

Omega
2pi/s

0.741
0.657
0.593
0.495
0.423
0.368
0.324
0.289
0.261
0.237
0.193
0.162
0.140
0.123
0.099

120.0
0.0

Heav
z/h

0.06
0.16
0.37
0.66
0.75
0.80
0.82
0.84
0.86
0.87
0.89
0.91
0.92
0.93
0.94

Sway
y/h

0.04
0.08
0.14
0.18
0.33
0.50
0.64
0.77
0.88
0.99
1.25
1.50
1.74
1.97
2.38

e

3.44
-38.53
-38.38
~16.76

~7.60
-3.96
-2.28
-1.40
-0.90

.-0.61

Phase

54.53
117.94
130.53
106.84

88.10

87.32

88.42

89.32

89.92

90.24

90.01

89.16

89.28

89.38

§9.50

Pitch
Phase Theta/kh Phase

0.04 -153.74
0.13 -163.02
0.26 -148.14
0.40 -117.78
0.43 -105.06
0.44 -99.60
0.44 -96.82
0.44 -95.22
0.45 -94.21
0.45 -93.53
0.46 -92.55
0.46 -92.00
0.47 -91.65
0.47 -91.42
0.47 -91.14
Roll
£i/kh Phase
0.03 32.66
0.16 -176.59
0.46 -161.15
1.03 -135.35
1.27 -112.30
1.25 -100.09
1.17 -94.05
1.09 -90.95
1.04 -~89.09
1.00 -88.04
0.93 -87.77
0.89 -88.98
0.85 -88.64
0.82 -88.37
0.79 -88.02
1.50

Viscous contributions for roll motion, Kappad =

Su:
x/h

0.01
0.02
0.06
0.16
0.26
0.35
0.43
0.52
0.61
0.71
0.96
1.00
1.00
1.00
1.00

rge
Phase

65.12
-104.62
-98.78
-91.18
-85.83
-81.49
~-77.73
-74.35
~-71.26
-68.40
"-62.02
-56.53
-51.77
~47.62
-40.80

Yaw

psi/kh Phase

0.05
0.10
0.15
0.23
0.29
0.34
0.38
0.43
0.48
0.52
0.65
0.77
0.89
1.02
1.25

171.49

174.35

176.59

179.68
-177.95
-176.45
-175.28
-174.17
~173.24
-172.37
-170.73
-169.15
-166.99
-164.87
-160.79

- e ey

e
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Non Dimensional Ship Motions

3hip file: 0591

Shipid: 150,000 ton, Tanker, partial load, 20 tons Gill thruster

Heading (degrees)
Ship speed (knots)

Wave L./ Omegae
Ship L. 2pi/s
0.40 0.741
0.50 0.657
0.60 0.593
0.80 0.495
1.00 0.423
1,20 0.368
1,40 0.324
1.60 0.289
1,80 0.261
2.00 0.237
2.50 0.193
3.00 0.162
3.50 0.140
4,00 0.123
5.00 0.099
Wave L./ Omegae
Ship L. 2pi/s
0.40 0.741
0,50 0.657
0.60 0.593
0.80 0.495
1.00 0.423
1.20 0.368
1.40 0.324
1.60 0.289
“1.80 0.261
2.00 0.237
2,50 0.193
3.00 0.162
3.50 0.140
4.00 0.123
5.00 0.099

Viscous contributions for roll motion,

Omega
2pi/s

0:.741
0.657
0.593
0.495
0.423
0.368
0.324
0.289
0.261
0.237
0.193
0.162
0.140
0.123
0.099

Omega
2pi/s

0.741
0.657
0.593
0.495
0.423
0.368
0.324
0.289
0.261
0.237
0.193
0.162
0.140
0.123
0.099

90.0
0.0
Heave
z/h Phase
0.26 -62.53
0.50 -64.11
0.78 ~51.34
1.01 -23.45
1.00 -~-10.94
0.97 -5.79
0.95 -3.37
0.94 -2.10
0.93 -1.38
0.93 -0.94
0.93 -0.43
0.94 -0.22
0.94 -0.12
0.95 -0.07
0.95 -0.06
Sway
y/h Phase
0.41 157.02
0.40 151.32
0.37 147.87
0.31 115.88
0.49 91.85
0.69 89.20
0.84 89.85
0.97 90.59
1.09 91.06
1.21 91.28
1.50 90.85
1.78 89.86
2.05 89.89
2.31 89.91
2.78 89.94

Pitch
Theta/kh Phase

0.01
0.02
0.03
0.03
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.00

-16.11
2.11
41.18
109.82
139.74
153.36
160.78
165.31
168.34
170.48
173.64
175.51
176.65
177.40
178.45

Roll

£i/kh

0.69
0.98
1.37
1.90
1.96
1.77
1.56
1.41
1.31
1.24
1.13
1.06
1.01
0.97
0.92

Kappa4d =

Phase

-170.48
-165.58
-157.16
-134.12
-112.13
-99.43
-93.65
-90.57
-88.72
-87.69
-87.47
~-88.73
-88.42
-88.18
-87.87

1.50

Surge
x/h Phase
0.01 -180.00
0.00 -180.00
0.00 0.00
0.03 0.00
0.06 0.00
0.10 0.00
0.14 0.00
0.19 0.00
0.25 0.00
0.31 0.00
0.50 0.00
0.73 0.00
1.00 0.00
0.78 0.00
0.51 0.00

Yaw

psi/kh Phase

0.01
0.01
0.01
0.02
0.03
0.03
0.04
0.05
0.07
0.08

©0.13

0.19
0.25
0.32
0.49

-65.05
~73.95
-85.25
-90.71
-84.66
-82.99
-82.65
-82.39
-82.56
-83.70
-87.24
-90.10
-380.07
-90.05
~-90.03

by g e
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Non Dimensional Ship Motions

ship file:; 0591
shipid: 150,000 ton, Tanker, partial load, 20 tons Gill thruster

Heading (degrees)
Ship speed (knots)

Wave L,/ Omegae

Ship L.

0.40
0,50
0.60
0,80
1.00
1,20
1.40
1,60
1.80
2.00
2.50
3.00
3.50
4.00
5.00

2pi/s

0.741
0.657
0.593
0.495
0.423
0.368
0.324
0.289
0.261
0.237
0.193
0.162
0.140
0.123
0.099

Wave L./ Omegae

ship L.

0.40
0.50
0.60
0.80
1.00
1.20
1,40
1.60
©1.80
2.00
2.50
3.00
3.50
4.00
5.00

2pi/s

0.741
0.657
0.593
0.495
0.423
0.368
0.324
0.289
0.261
0.237
0.193
0.162
0.140
0.123
0.099

= 60.
= 0.

Omega
2pi/s

0.741
0.657
0.593
0.495
0.423
0.368
0.324
0.289
0.261
0.237
0.193
0.162
0.140
0.123
0.099

Omega
2pi/s

0.741
0.657
0.593
0.495
0.423
0.368
0.324
0.289
0.261
0.237
0.193
0.162
0.140
0.123
0.099

]
0

Heav
z/h

0.04
0.10
0.25
0.59
0.73
0.79
0.82
0.84
0.86
0.87
0.89
0.91
0.92
0.93
0.94

Sway
y/h

0.04
0.09
0.14
0.19
0.33
0.50
0.64
0.76
0.87
0.98
1.25
1.50
1.74
1.97
2.38

e
Phase

29.15
~22.92
-41.21
-23.81
-11.43

-6.11

-3.59

-2.26

Phase

57.91
121.12
134.08
113.17

92.95

90.75

91.15

91.70

92.05

92.20

91.65

90.57

90.50

90.46

90.38

Pitch
Theta/kh Phase

0.04 45.80
0.13 30.39
0.28 43.79
0.43 74.05
0.44 85.30
0.44 89.26
0.45 90.83
0.45 91.50
0.45 91.77
0.45 91.86
0.46 91.79
0.46 91.62
0.47 91.44
0.47 91.29
0.47 91.04
Roll
fi/kh Phase
0.04 25.42
0.13 -174.54
0.41 -159.08
0.98 -134.29
1.22 -111.66
1.22 -99.61
1.15 -93.69
1.08 -90.55
1.03 -88.65
0.99 -87.55
0.93 -87.26
0.89 -88.50
0.85 -88.22
0.82 -88.00
0.78 -87.72
1.50

Viscous contributions for roll motion, Kappad =

Surge
x/h Phase
0.01 -65.12
0.02 104.62
0.06 98.78
0.16 91.18
0.26 85.83
0.35 81.49
0.43 77.73
0.52 74.35
0.61 71.26
0.71 68.40
0.42 62.02
0.34 56.53
0.27 51.77
0.22 47.62
0.16 40.80

Yaw

psi/kh Phase

0.05
0.10
0.15
0.23
0.29
0.34
0.39
0.44
0.49
0.54
0.65
0.77
0.89
1.02
1.25

0.41
-0.41
-0.10
-0.25
-0.58
-1.04

g e

-

-
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Non Dimensional Ship Motions

ship file: 0591

Shipid: 150,000 ton, Tanker, partial load, 20 tons Gill thruster

Heading (degrees)
Ship speed (knots)

Wave L./ Omegae
Ship L. 2pi/s
0.40 0.741
0.50 0.657
0.60 0.593
0.80 0.495
1.00 0.423
1.20 0.368
1.40 0.324
1,60 0.289
1.80 0.261
2,00 0.237
2,50 0.193
3.00 0.162
3.50 0.140
4,00 0.123
5.00 0.099
Wave L,/ Omegae
Ship L. 2pi/s
0.40 0,741
0.50 0.657
0.60 0.593
0.80 0.495
1.00 0.423
1.20 0.368
1.40 0.324
1.60 0.289
"1,80 0.261
2.00 0.237
2.50 0.193
3.00 0.162
3.50 0.140
4,00 0.123
5.00 0.099

Viscous contributions for roll motion,

Omega
2pi/s

0.741
0.657
0.593
0.495
0.423
0.368
0.324
0.289
0.261
0.237
0.193
0.162
0.140
0.123
0.099

Omega
2pi/s

0.741
0.657
0.593
0.495
0.423
0.368
0.324
0.289
0.261
0.237
0.193
0.162
0.140
0.123
0.099

30.0
0.0
Heave
z/h Phase
0.04 -179.22
0.08 118.60
0.11 118.23
0.11 -20.90
0.34 -11.32
0.50 -6.16
0.59 -3.66
0.66 -2.33
0.71 -1.56
0.75 . -1.09
0.82 -0.53
0.85 -0.28
0.88 -0.17
0.90 -0.11
0.92 -0.08
Sway
v/h Phase
0.02 -35.74
0.04 0.74
0.04 31.06
0.05 98.38
0.11 93.13
0.20 91.54
0.28 91.95
0.36 92.37
0.43 92.65
0.50 92.78
0.66 92.20
0.82 91.08
0.96 90.95
1.10 90.85
1.34 90.70

Pitch
Theta/kh Phase
0.02 175.70
0.04 133.72
0.10 74.52
0.36 80.22
0.51 88.26
0.58 91.19
0.63 92.27
0.67 92.66
0.69 92.75
0.71 92.72
0.75 92.43
0.77 92.14
0.78 91.89
0.79 91.68
0.81 91.35
Roll
£fi/kh Phase
0.02 16.78
0.10 22.54
0.12 34.03
0.08 -162.14
0.30 -116.53
0.42 -101.34
0.47 -94.48
0.48 -91.05
0.48 -88.97
0.48 -87.71
0.48 -87.21
0.48 -88.37
0.46 -88.09
0.45 -87.88
0.44 -87.61
1.50

Kappad =

Su.
x/h

0.02
0.05
0.04
0.10
0.26
0.42
0.58
0.73
0.88
1.00
0.14
0.11
0.09
0.08
0.06

rge
Phase

-81.22
-88.74

-110.92

110.60
98.16
92.71
88.94
85.91
83.29
80.95
75.82
71.37
67.37
63.72
57.27

Yaw

psi/kh Phase

0.01
0.00
0.04
0.12
0.20
0.27
0.33
0.38
0.44
0.49
0.61
0.73
0.85
0.97
1.19

-172.61
-32.69
-1.44
1.32
2.38
2.13
1.67
1.05
0.30
-0.55
-2.99
-5.26
-6.69
-8.07
-10.74
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Non Dimensional Ship Motions

Ship file: 0591

shipid: 150,000 ton, Tanker, partial load, 20 tons Gill thruster

Heading {degrees)
ship speed {(knots)

Wave L,/ Omegae
sShip L. 2pi/s
0.40 0.741
0.50 0.657
0.60 0.593
0.80 0.495
1,00 0.423
1.20 0.368
1.40 0.324
1.60 0.289
1.80 0.261
2,00 0.237
2,50 0.193
3.00 0.162
3.50 0.140
4,00 0.123

5.00 0.099

Omega
2pi/s

0.741
0.657
0.593
0.495
0.423
0.368
0.324
0.289
0.261
0.237
0.193
0.162
0.140
0.123
0.099

0.0
0.0
Heave

z/h Phase
0.04 -142.30
0.06 150.11
0.13 130.19
0.02 149.61
0.21 -11.61
0.38 ~-6.32
0.50 -3.76
0.58 -2.40
0.65 -1.62
0.70 , -1.14
0.78 -0.55
0.83 -0.30
0.86 -0.18
0.88 -0.12
0.91 -0.08

pitch
Theta/kh Phase

0.01
0.05
0.05
0.27
0.47
0.58
0.66
0.71
0.75
0.79
0.84
0.87
0.89
0.91
0.93

~-130.58
175.80
133.50
84.74
89.96
92.21
93.01
93.24
93.24
93.13
92.75
92.39
92.10
91.86
91.49

Surge
x/h Phase
0.01 ~87.25
0.07 -88.62
0.08 -97.99
0.05 141.86
0.22 104.59
0.40 96.69
0.59 92.24
0.77 88.97
0.94 86.29
1.00 83.95
0.53 79.00
0.41 74.717
0.34 71.00
0.28 67.55
0.22 61.41

e e ——
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RAQO’s for Buoy

Heading 180, 150, 120, 90, 60, 30, 0 degrees at zero speed
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Draft to depth ratio, h/t

= 10.00

Non Dimensional Traffic Ship Motions

Ship file: 1000

shipid: Suction Mooring Sys

Heading (degrees)
ship speed (knots)

Wave L./ Omegae
Ship L. 2pi/s
0.40 2.389
0.50 2.136
0.60 1.950
0.80 1.689
1.00 1.511
1.20 1.379
1.40 1,277
1.60 1.194
1,80 1.126
2.00 1.068
2.50 0.955
3.00 0.872
3.50 0.807
4.00 0.755

5.00 0.676

Omega
2pil/s

2.389
2.136
1.950
1.689
1.511
1.379
1.277
1.194
1.126
1.068
0.955
0.872
0.807
0.755
0.676

= 180.0
0.0
Heave
z/h Phase
0.00 -126.12
0.00 178.14
0.00 168.35
0.01 7.89
0.03 3.05
0.06 0.47
0.10 -2.05
0.14 -~4.72
0.18 -7.32
0.22  -9.41
0.33 -10.94
0.43 -~9.17
0.51 -7.06
0.56 ~5.42
0.65 -3.42

Pitch
Theta/kh Phase

0.00
0.00
0.00
0.01
0.04
0.07
0.11
0.15
0.19
0.25
0.38
0.47
0.54
0.59
0.66

89.08
77.57
-85.55
-90.23
-93.11
-96.62
-100.75
-104.74
-107.45
-108.25
-104.84
-100.42
-97.40
-95.48
-93.35

Surge
x/h Phase
0.01 59.53
0.03 114.83
0.03 166.10
0.10 -99.48
0.22 -82.97
0.33 =-77.10
0.42 -74.11
0.50 -72.23
0.57 -70.85
0.63 -69.70
0.74 -67.21
0.83 -64.86
0.90 -62.54
0.97 ~60.24
1.00 -55.77

T R T
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“on Dimensional Traffic Ship

Ship file: 1000
Shipid: Suction Mooring Sys

Heading {degrees) = 150.
Ship speed (knots) = 0.
Wave L./ Omegae Omega
Ship L. 2pi/s 2pi/s
0.40 2.389 2.389
0.50 2.136 2.136
0.60 1,950 1.950
0.80 1.689 1.689
1.00 1.511 1.511
1.20 1.379 1.379
1.40 1.277 1.277
1.60 1.194 1.194
1.80 1.126 1.126
2.00 1.068 1.068
2,50 0.955 0.955
3.00 0.872 0.872
3.50 0.807 0.807
4.00 0.755 0.755
5.00 0.676 0.676
Wave L./ Omegae Omega
Ship L. 2pi/s 2pi/s
0.40 2.389 2.389
0.50 2.136 2.136
0.60 1.950 1.950
0.80 1.689 1.689
1,00 1.511 1.511
1.20 1.379 1.379
1.40 1,277 1.277
1.60 1,194 1.194
1.80 1.126 1.126
2,00 1.068 1.068
2.50 0.955 0.955
3.00 0.872 0.872
3.50 0.807 0.807
4.00 0.755 0.755
5.00 0.676 0.676

Viscous contributions for roll motion,

Motions

0
0

Heave
z/h Phase

0.00 -179.95
0.00 174.72
0.00 24.13
0.01 3.29
0.04 0.82
0.07 -1.32
0.11 -3.71
0.15 -6.32
0.19 -8.80
0.23 -10.72
0.35 -11.74
0.45 -9.62
0.52 -7.32
0.57 -5.59
0.65 -3.50

Sway
y/h Phase

0.00 -76.57
0.00 -70.83
0.00 -69.90
0.01 118.56
0.04 118.40
0.08 118.48
0.11 118.40
0.15 118.49
0.18 117.94
0.21 116.76
0.27 113.25
0.32 110.40
0.36 107.24
0.40 104.63
0.45 100.82

Pitch
Theta/kh Phase

0.00 87.19
0.00 -85.09
0.00 -88.85
0.02 -91.30
0.04 -93.97
0.07 -97.44
0.10 -101.55
0.14 -105.48
0.18 ~-108.07
0.22 -108.74
0.34 -105.08
0.42 -100.54
0.48 -97.48
0.52 -95.53
0.58 -93.37
Roll
£i/kh Phase
0.00 95.35
0.00 -80.79
0.00 -80.65
0.01 -75.48
0.02 -70.39
0.04 -66.37
0.07 -63.81
0.10 -62.74
0.13 -61.98
0.17 -61.60
0.27 -62.07
0.39 -63.04
0.53 -~64.82
0.67 <-66.50
0.97 -68.39
1.50

Kappad =

Surge

x/h

0.01
0.04
0.05
0.12
0.20
0.20
0.15
0.08
0.03
0.09
0.27
0.41
0.53
0.63
0.79

Phase

137.04
-98.39
-56.97

43.93
66.38
73.80
75.72
68.45

-14.37
-65.27
-71.45
-68.82
-65.46
-62.12
~-55.94

Yaw

psi/kh Phase

0.00
0.00
0.00
0.02
0.05
0.09
0.12
0.16
0.19
0.21
0.27
0.31
0.35
0.39
0.44

14.23
27.62

-163.65
-160.00
-158.27
-157.29
-157.25
-157.21
-157.88
-159.14
-161.96
-164.45
-166.55
~168.35
-170.79
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Non Dimensional Traffic Ship Motions

Ship file: 1000

shipid:; Suction Mooring Sys
Heading ({degrees)
Ship speed (knots)

Wave L,/ Omegae

Ship L.

0.40
0,50
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
2.50
3.00
3.50
4.00
5.00

2pi/s

2.389
2.136
1.950
1.689
1.511
1.379
1.277
1.194
1.126
1.068
0.955
0.872
0.807
0.755
0.676

Wave L./ Omegae

Ship L.

0.40
0.50
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
2.50
3.00
3.50
4,00
5.00

2pi/s

2.389
2.136
1.950
1.689
1.511
1.379
1.277
1.194
1.126
1.068
0.955
0.872
0.807
0.755
0.676

Omega
2pi/s

2.389
2.136
1.950
1.689
1.511
1.379
1.277
1.194
1.126
1.068
0.955
0.872
0.807
0.755
0.676

Omega
2pi/s

2.389
2.136
1.950
1.689
1.511
1.379
1.277
1.194
1.126
1.068
0.955
0.872
0.807
0.755
0.676

120.0
0.0

Heave
z/h Phase
0.00 2.18
0.00 0.89
0.01 0.31
0.03 -0.84
0.06 -2.33
0.10 -4.27
0.14 -6.64
0.18 -9.20
0.22 -11.53
0.26 -13.15
0.38 -13.24
0.47 -10.48
0.54 -7.83
0.60 ~-5.92
0.67 ~3.65
sSway
y/h Phase
0.00 -~55.27
0.00 107.60
0.02 111.04
0.07 114.59
0.14 116.56
0.21 117.24
0.28 117.50
0.34 117.75
0.39 117.35
0.43 116.33
0.52 112.89
0.59 110.14
0.66 106.99
0.72 104.39
0.80 100.70

Pitch
Theta/kh Phase

0.00 -89.90
0.00 -90.42
0.01 -91.04
0.02 -92.79
0.03 -95.38
0.05 -98.89
0.07 -103.02
0.09 ~-106.85
0.11 -109.24
0.14 -109.67
0.21 ~-105.54
0.25 -100.79
0.28 -97.62
0.31 -95.62
0.34 -93.41
Roll
£i/kh Phase
0.00 -82.22
0.00 -81.00
0.00 -78.28
0.02 -72.66
0.05 -67.91
0.09 -64.33
0.14 -62.10
0.19 =~61.25
0.25 -60.68
0.31 -60.46
0.49 -~60.40
0.69 -61.39
g.92 -63.15
1.17 -64.78
1.69 -67.49
1.50

Viscous contributions for roll motion, Kappa4 =

Su
x/h

0.01
0.00
0.02
0.07
0.26
0.42
0.51
0.53
0.52
0.49
0.38
0.27
0.18
0.15
0.27

rge
Phase

-47.24
-40.00
-65.95
61.50
94.32
106.53
115.04
122.12
128.49
134.49
149.35
167.09
-165.68
-123.38
-65.97

Yaw

psi/kh Phase

0.00
0.00
0.01
0.04
0.08
0.11
0.15
0.18
0.21
0.23

- 0.28

0.33
0.36
0.39
0.44

-166.88
-164.37
~162.50
-159.75
-158.16
-157.24
-157.20
-157.18
-157.87
-159.12
-161.93
-164.43
-166.54
-168.35
-170.79
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“Mon Dimensional Traffic Ship Motions

ship file: 1000

Shipid: Suction Mooring Sys
Heading (degrees) = 90
Ship speed (knots) = 0

Wave L./ Omegae Omega

Ship L.

0,40
0.50
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
2.50
3.00
3.50
4,00
5.00

2pi/s 2pi/s

2.389 2.389
2.136 2.136
1.950 1.950
1.689 1.689
1.511 1.511
1.379 1.379
1.277 1.277
1.194 1.194
1.126 1.126
1.068 1.068
0.955 0.955
0.872 0.872
0.807 0.807
0.755 0.755
0.676 0.676

Wave L,/ Omegae Omega

Ship L,

0.40
0.50
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
2.50
3,00
3.50
4.00
5.00

Viscous contributions

2pi/s 2pi/s

2.389 2.389
2.136 2.136
1.950 1.950
1.689 1.689
1.511 1.511
1.379 1.379
1.277 1.277
1.194 1.194
1.126 1.126
1.068 1.068
0.955 0.955
0.872 0.
0.807 0.807
0.755 0

0

0.676 .676

.0
.0

0.68

-0.32
-0.59
-0.96
-2.01
~3.51
-5.51
~7.93
~-10.50
12.78

~-14.27

13.95
10.88
-8.08
-6.07
-3.73

Sway

y/h

0.01
0.03
0.05
0.13
0.22
0.30
0.37
0.43
0.49
0.54
0.63
0.71
0.78
0.84
0.94

for roll motion,

Phase

106.55
1058.03
111.08
114.17
116.11
116.84
117.16
117.45
117.10
116.05
112.76
110.06
106.93
104.34
100.53

Pitch
phase Theta/kh Phase

0.00 -86.24
0.00 -73.55
0.00 -77.11
0.00 -56.97
0.00 -52.52
0.00 -23.94
0.00 0.83
0.00 -9.31
0.00 56.58
0.00 44.10
0.00 82.43
0.00 128.14
0.00 173.18
0.00 111.63
0.00 154.83
Roll
fi/kh Phase
0.00 -85.65
0.00 -81.16
0.01 -77.42
0.03 -71.40
0.07 -66.75
0.11 -63.36
0.17 -61.26
0.23 -60.52
0.30 -60.03
0.37 -59.09
0.58 -59.85
0.81 -60.91
1.08 -62.74
1.36 -64.40
1.95 ~66.17
1.50

Kappa4d =

Su
x/h

0.01
0.01
0.01
0.04
0.13
0.26
0.38
0.47
0.52
0.55
0.55
0.48
0.38
0.27
0.06

rge
Phase

180.00
180.00
-180.00
180.00
180.00
180.00
180.00
180.00
180.00
180.00
180.00
180.00
180.00
-180.00
-180.00

Yaw

psi/kh Phase

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

176.60
-164.84
-173.49

168.13

163.97
-158.11
-155.94

173.73
-151.23

170.31

136.70
~-179.95
-154.24
-156.02

-81.06

TR
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Non Dimensional Traffic Ship Motions

ship file: 1000
Shipid: Suction Mooring Sys

Heading (degrees)
ship speed (knots)

Wave L.,/ Omegae

Ship L.

0.40
0.50
0.60
0,80
1.00
1.20
1.40
1.60
1.80
2.00
2.50
3.00
3.50
4.00
5.00

2pi/s

2.389
2.136
1.950
1.689
1.511
1.379
1.277
1.194
1.126
1.068
0.955
0.872
0.807
0.755
0.676

Wave L,/ Omegae

ship L.

0.40
0.50
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
2.50
3.00
3.50
4.00
5.00

Viscous contributions for roll motion,

2pi/s

2,389
2.136
1.950
1.689
1.511
1.379
1.277
1.194
1.126
1.068
0.955
0.872
0.807
0.755
0.676

Omega
2pi/s

2.389
2.136
1.950
1.689
1.511
1.379
1.277
1.194
1.126
1.068
0.955
0.872
0.807
0.755
0.676

Omega
2pi/s

2.389
2.136
1.950
1.689
1.511
1.379
1.277
1.194
1.126
1.068
0.955
0.872
0.807
0.755
0.676

60.0
0.0
Heave
z/h Phase
0.00 2.18
0.00 0.89
0.01 0.31
0.03 -0.84
0.06 -2.33
0.10 -4.27
0.14 -6.64
0.18 -9.20
0.22 -11.53
0.26 -13.15
0.38 -13.24
0.47 -10.48
0.54 -7.83
0.60 -5.92
0.67 -3.65
Sway
yv/h Phase
0.00 -55.27
0.00 107.60
0.02 111.04
0.07 114.59
0.14 116.56
0.21 117.24
0.28 117.50
0.34 117.75
0.39 117.35
0.43 116.33
0.52 112.89%
0.59 110.14
0.66 106.99
0.72 104.39
0.80 100.70

Pitch
Theta/kh Phase

0.00 90.10
0.00 89.58
0.01 88.96
0.02 87.21
0.03 84.62
0.05 81.11
0.07 76.98
0.09 73.15
0.11 70.76
0.14 70.33°
0.21 74.46
0.25 79.21
0.28 82.38
0.31 84.38
0.34 86.59
Roll
£i/kh Phase
0.00 -82.22
0.00 -81.00
0.00 -78.28
0.02 -72.66
0.05 -67.91
0.09 -64.33
0.14 -~62.10
0.19 -61.25
0.25 -60.68
0.31 -60.46
0.4%9 -60.40
0.69 -61.39
0.92 -63.15
1.17 -~64.78
1.69 -67.49
1.50

Kappad =

Su
x/h

0.01
0.00
0.02
0.07
0.26
0.42
0.51
0.53
0.52
0.49
0.38
0.27
0.18
0.15
0.27

rge
Phase

47.24
40.00
65.95
-61.50
-94.32
-106.53
~115.04
-122.12
-128.49
-134.49
-149.35
~167.09
165.68
123.38
65.97

Yaw

psi/kh Phase

0.00
0.00
0.01
0.04
0.08
0.11
0.15
0.18
0.21
0.23
0.28
0.33
0.36
0.39
0.44

13.12
15.63
17.50
20.25
21.84
22.76
22.80
22.82
22.13
20.88
18.07
15.57
13.46
11.65

9.21
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“on Dimensional Traffic Ship Motions

ship file: 1000
Shipid: Suction Mooring Sys

Heading (degrees) = 30.0

Ship speed (knots) = 0.0

Wave L./ Omegae Omega Heave Pitch Surge

Ship L. 2pi/s 2pi/s z/h Phase Theta/kh Phase x/h Phase
0.40 2,389 2.389 0.00 -179.95 0.00 -92.81 0.01 -137.04
0,50 2.136 2.136 0.00 174.72 0.00 94.91 0.04 98.39
0.60 1.950 1.950 0.00 24.13 0.00 91.1S 0.05 56.97
0.80 1,689 1.689 0.01 3.29 0.02 88.70 0.12 -43.93
1.00 1.511 1.511 0.04 0.82 0.04 86.03 0.20 -66.38
1.20 1.379 1.379 0.07 -1.32 0.07 82.56 0.20 -73.80
1.40 1.277 1.277 0.11 -3.71 0.10 78.45 0.15 -75.72
1.60 1.194 1.194 0.15 -6.32 0.14 74.52 0.08 -68.45
1.80 1.126 1.126 0.19 -8.80 0.18 71.93 0.03 14.37
2.00 1.068 1.068 0.23 .-10.72 0.22 71.26 0.09 65.27
2.50 0.955 0.955 0.35 -11.74 0.34 74.92 0.27 71.45
3.00 0.872 0.872 0.45 -9.62 0.42 79.46 0.41 68.82
3.50 0.807 0.807 0.52 -7.32 0.48 82.52 0.53 65.46
4,00 0.755 0.755 0.57 ~5.59 0.52 84.47 0.63 62.12
5.00 0.676 0.676 0.65 -3.50 0.58 86.63 0.73 55.94 *

Wave L./ Omegae Omega Sway Roll Yaw
Ship L. 2pi/s 2pi/s y/h Phase £i/kh Phase psi/kh Phase
0.40 2,389 2.389 0.00 -~76.57 0.00 95.35 0.00 ~-165.77
0.50 2.136 2.136 0.00 -70.83 0.00 -80.79 0.00 -152.38
0.60 1.950 1.950 0.00 -69.90 0.00 -~80.65 0.00 16.35
0.80 1.689 1.689 0.01 118.56 0.01 -75.48 0.02 20.00
1.00 1.511 1.511 0.04 118.40 0.02 -70.39 0.05 21.73
1.20 1.379 1.379 0.08 118.48 0.04 -66.37 0.08 22.71
1.40 1.277 1.277 0.11 118.40 0.07 -63.81 0.12 22.175
1.60 1.194 1.194 0.15 118.49 0.10 -62.74 0.16 22.79
1.80 1.126 1.126 0.18 117.94 0.13 -61.98 0.19 22.12
2.00 1.068 1.068 0.21 116.76 0.17 -61.60 0.21 20.86
2.50 0.955 0.955 0.27 113.25 0.27 -62.07 0.27 18.04
3.00 0.872 0.872 0.32 110.40 0.39 -63.04 0.31 15.55
3.50 0.807 0.807 0.36 107.24 0.53 -64.82 0.35 13.45
4,00 0.755 0.755 0.40 104.63 0.67 -66.50 0.39 11.65
5.00 0.676 0.676 0.45 100.82 0.97 -68.39 0.44 9.21

Viscous contributions for roll motion, Kappa4d = 1.50




motion.out

Page 7

Non Dimensional Traffic Ship Motions

Ship file: 1000

Shipid: Suction Mooring Sys
Heading (degrees)
ship speed (knots)

Wave L./ Omegae

sShip L,

0.40
0.50
0.60
0.80
1.00
1.20
1.40
1.60
1.80
2.00
2.50
3.00
3.50
4.00
5.00

2pi/s

2.389
2.136
1.950
1.689
1.511
1.379
1.277
1.194
1.126
1.068
0.955
0.872
0.807
0.755
0.676

Omega
2pi/s

2.389
2.136
1.950
1.689
1.511
1.379
1.277
1.194
1.126
1.068
0.955
0.872
0.807
0.755
0.676

0.0
0.0

Heave
z/h Phase
0.00 -126.12
0.00 178.14
0.00 168.35
0.01 7.89
0.03 3.05
0.06 0.47
0.10 ~2.05
0.14 -4.72
0.18 -7.32
0.22 -9.41
0.33 -10.9%4
0.43 -9.17
0.51 -7.06
0.56 -5.42
0.65 -3.42

Pitch
Theta/kh Phase

0.00
0.00
0.00
0.01
0.04
0.07
0.11
0.15
0.19
0.25
0.38
0.47
0.54
0.59
0.66

-90.92
-102.43
94.45
89.77
86.89
83.38
79.25
75.26
72.55
71.75
75.16
79.58
82.60
84.52
86.65

Surge
x/h Phase
0.01 -59.53
0.03 -114.83
0.03 -166.10
0.10 99.48
0.22 82.97
0.33 77.10
0.42 74.11
0.50 72.23
0.57 70.85
0.63 69.70
0.74 67.21
0.83 64.86
0.90 62.54
0.97 60.24
1.00 55.77




APPENDIX IV

SIMULATION RESULTS

Run # 10 to Run # 34
Hands-On Simulation
Log Report of Ship Handling
Simulation Track Plot
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HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY
Simulation Number: 10 Date: 3 February 1999
Start Time: 08:39
Length of run [secs]: 1808

Ship Condition: draft=13.72m

Environment
Wind Speed [knots]:.......ccoevnininnnnn. 0 Direction: 0
Sea State, Significant wave height [m]:.. 0 Direction: 0
Current Speed [knots]:.......c.ceeenennennn. 0 Direction: 0
Ship Operator: J.A. Observer: B.K.J & JK.

Final Mating, distance between center of buoy and center of moon pool [m]: 4./
Evaluation:

Normal deceleration did not happen, because of wrong setting of the thruster at start,
otherwise it was a normal approach. The captain made several heading changes to the
right to offset some left set (The thruster was 1 degree off). On the final closure the speed
was about 0.2 knots. The center of the buoy was a little to the right. It appeared to come
in within the limits but just failed to do so. At this point we were almost stopped and we
could easily have pulled the moon pool to the center of the buoy by use of the thruster
and stop the engine.




log.ascii Page 1
Shiphandling Simulator Exercise date & time: 03-Feb-99
08:39:35
Ship: 591 150,000 ton, Tanker, partial load
Exercise number: 750 Suction Mooring System
Scenario; 110 Open Ocean
g file: 999 Dummy tug file based on containership
raffic ships: 590 Suction Mooring Buoy
Initial conditions: 590 150k tanker in partial load - Suction Mooring
Exercise identification: Rue )0
Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current
HH:MM:SS East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
00:08:20 -1 -1033 26 0 2.95 0.02 ~-0.03 360 0.292 3.3 98.0 181 o 180 0.0 180
00:08:30 -1 -1018 26 0 2.91 0.02 -0.04 360 0.335 2.1 98.0 181 0 180 0.0 180
00:08:40 -1 -1003 26 [} 2.87 0.02 ~0.04 360 0.351 1.1 98.0 181 0 180 0.0 180
00:08:50 -1 -989 26 0 2.82 0.01 -0.04 360 0.340 0.4 98.0 181 0 180 0.0 180
00:09;00 -1 -974 26 0 2.78 0.01 -0.04 000 0.307 -0.7 98.0 181 0 180 0.0 180
00:09:10 -1 -960 26 0 2.74 0.01 -0.03 000 0.257 -1.8 98.0 181 0 180 0.0 180
00:09:20 ~1 -946 26 0 2.70 0.00 -0.03 000 0.192 -2.3 98.0 181 0 180 0.0 180
00:09:30 -2 -932 26 0 2.66 0.00 -0.02 000 0.121 -2.9 98.0 181 0 180 0.0 180
00:09:40 -2 -919 26 0 2.62 -0.01 -0.02 000 0.046 -2.8 98.0 181 0 180 0.0 180
00:09:50 -2 ~-905 26 0 2.58 -0.01 -0.01 000 -0.022 -2.8 98.0 181 0 180 0.0 180
00:10:00 . -2 -892 26 0 2.54 -0.02 0.00 000 -0.085 -2.8 98.0 181 0 180 0.0 180
00;10:10 -2 -879 26 0 2.50 ~0.02 0.00 000 -0.140 -2.2 98.0 181 0 180 0.0 180
00:10:20 -2 -866 26 0 . 2.46 -0.02 0.01 000 ~0.181 -1.6 98.0 181 [} 180 0.0 180
00:10:30 -2 -854 26 0 2.42 -0.02 0.01 000 -0.206 -1.0 98.0 181 0 180 0.0 180
00:10:40 -2 -841 26 0 2.38 -0.02 0.01 000 -0.216 -0.5 98.0 181 0 180 0.0 180
00:10:50 -2 ~829 26 0 2.34 -0.02 0.01 000 ~0.211 0.1 98.0 181 0 180 0.0 180
00:11:00 -2 -817 26 0 2.31 -0.02 0.01 360 -0.193 0.7 98.0 181 0 180 0.0 180
00:;11:10 -2 ~-806 26 1] 2,28 -0.02 0.01 360 ~0.164 1.2 52.0 181 0 180 0.0 180
00:11:20 -2 =794 26 0 2.28 -0.01 0.01 360 -0.127 1.8 52.0 181 0 180 0.0 180
00:;11:30 -2 -782 26 0 2.29 -0.01 0.00 360 -0.083 1.7 25.0 181 o 180 0.0 180
00:11:40 -2 =770 26 0 2.30 -0.01 0.00 360 -0.039 2.3 25.0 181 0 180 0.0 180
00;11:50 -2 -758 26 0 2.32 0.00 0.00 360 0.011 2.2 50.0 181 0 180 0.0 180
00:12:00 -2 =746 26 0 2.32 0.00 -0.01 360 0.055 1.7 50.0 181 0 180 6.0 180
00:12:10 -2 -734 26 0 2.32 0.00 -0.02 360 0.122 9.3 50.0 181 0 180 0.0 180
00:12:20 -2 -722 26 0 2.33 0.02 ~-0.05 360 0.489 18.9 50.0 181 0 180 0.0 180
00:12:30 -2 -711 26 0 2.33 0.04 -0.09 000 0.854 16.4 50.0 181 0 180 0.0 180
00:12:40 -2 -699 26 0 2.33 0.06 -0.12 000 1.136 13.5 S50.0 181 0 180 0.0 180
00:12;50 -2 -687 26 0 2.32 0.07 -0.14 000 1.320 9.5 75.0 181 0 180 0.0 180
n0:13:00 -2 -675 26 0 2.30 0.06 -0.14 001 1.266 -7.7 75.0 181 [} 180 0.0 180
:13:10 -2 -663 26 0 2.29 0.03 -0.11 001 0.883 -15.6 75.0 181 0 180 0.0 180
.J:13:20 -2 -651 26 4] 2.25 0.00 -0.07 001 0.461 -17.1 99.0 181 0 180 0.0 180
00:13:30 -2 -640 26 0 2.21 -0.02 -0.03 001 0.041 -18.0 99.0 181 0 180 0.0 180
00:13:40 -2 ~628 26 0 2.17 -0.04 0.01 001 -0.348 -17.3 99.0 181 0 180 0.0 180
00:13:50 -2 ~617 26 0 2.13 -0.06 0.05 001 -0.684 -15.4 99.0 181 0 180 0.0 180
00:14:00 -2 -606 26 0 2.09 -0.07 0.07 001 -0.949 -13.0 99.0 181 0 180 0.0 180
00:14:10 -2 ~596 26 0 2.06 -0.07 0.08 001 -0.986 4.6 99.0 181 0 180 0.0 180
00:14:20 -2 -585 26 0 2.03 -0.05 0.06 000 -0.724 10.6 77.0 181 0 180 0.0 180
00:14:30 -2 -575 26 0 2.01 ~-0.04 0.03 000 -0.431 12.1 77.0 181 0 180 0.0 180
00:;14:40 -2 -565 26 0 2.00 -0.02 0.00 000 -0.133 13.0 77.0 181 0 180 0.0 180
00:14:50 -2 -554 26 0 1.98 0.00 ~-0.02 000 0.075 1.6 77.0 181 0 180 0.0 180
00:15:00 -2 -544 26 0 1.97 ~0.01 -0.01 000 -0.020 -5.1 77.0 181 1] 180 0.0 180
00;15:10 -2 -534 26 0 1.96 -0.02 0.00 000 -0.130 -5.0 77.0 181 0 180 0.0 180
00:;15:20 -2 -524 26 0 1.94 -0.02 0.01 000 -0.228 -4.4 77.0 181 0 180 0.0 180
00:;15:30 -2 =514 26 0 1.93 -0.02 0.02 000 -0.305 -3.8 77.0 181 0 180 0.0 180
00:15:40 -2 -504 26 0 1,92 -0.03 0.03 000 ~0.356 -2.6 77.0 181 0 180 0.0 180
00:15:50 -2 ~-494 26 0 1.90 -0.03 0.03 000 -0.382 -1.5 77.0 181 0 180 0.0 180
00:16:00 -1 -485 26 0 1.89 -0.03 0.03 000 -0.383 -0.3 77.0 181 0 180 0.0 180
00:16:10 -1 -475 26 0 1.88 -0.02 0.03 360 ~0.360 0.8 77.0 181 0 180 0.0 180
00:16:20 -1 ~-465 26 0 1.86 -0.02 0.03 360 -0.311 4.7 77.0 181 0 180 0.0 180
00:16:30 -1 -456 26 o} 1.85 0.00 0.00 360 0.003 20.3 77.0 181 0 180 0.0 180
00:16:40 -2 -446 26 0 1.84 0.02 -0.04 360 0.418 19.4 77.0 181 0 180 0.0 180
00:16:50 -2 -437 26 0 1.82 0.04 -0.08 000 0.776 17.5 77.0 181 0 180 0.0 180
00:17:00 -2 -427 26 0 1.81 0.06 -0.11 000 1.060 14.5 77.0 181 0 180 0.0 180
00:17:10 -2 -418 26 0 1.80 0.06 -0.12 000 1.090 -4.5 77.0 181 0 180 0.0 180
00:17:20 -2 -409 26 0 1.79 0.05 ~0.11 001 1.003 7.8 77.0 181 0 180 0.0 180
00:17:30 -2 -400 26 0 1.77 0.05 -0.12 001 1.076 4.9 77.0 181 (4] 180 0.0 180
00:17:40 -2 -391 26 0 1.76 0.05 -0.12 001 1.079 1.5 77.0 181 0 180 0.0 180
00:17:50 -2 -382 26 0 1.75 0.03 -0.10 001 0.841 -17.5 77.0 181 0 180 0.0 180
00:18:00 -2 -373 26 0 1.73 0.00 -0.06 001 0.372 -21.0 100.0 181 0 180 0.0 180
00:18:10 -2 -364 26 0 1.69 -0.03 -0.01 001 -0.084 -20.8 100.0 181 [} 180 0.0 180
00;18:20 -2 -355 26 0 1.65 -0.05 0.03 001 -0.503 -19.9 100.0 181 0 180 0.0 180
00:18:30 -2 ~347 26 0 1.62 ~0.07 0.06 001 -0.827 -10.5 100.0 181 0 180 0.0 180
00:18:40 -2 -339 26 0 1.58 -0.06 0.06 001 ~0.816 2.9 100.0 181 0 180 0.0 180
00:18:50 -2 -330 26 0 1.55 -0.06 0.06 001 -0.712 -1.7 100.0 181 1] 180 0.0 180
00:19:00 -1 ~-323 26 0 1.52 -0.06 0.07 001 -0.857 ~10.6 100.0 181 0 180 0.0 180
00:19:10 -1 =315 26 0 1.48 -0.07 0.09 000 ~0.994 -7.6 100.0 181 0 180 0.0 180
00:19:20 -1 ~-307 26 0 1.45 -0.07 0.10 000 -1.062 -4.2 100.0 181 0 180 0.0 180
7:19:30 -1 -300 26 0 1.42 -0.07 0.09 000 -1.014 7.4 100.0 181 0 180 0.0 180
:19:40 -1 -293 26 1] 1.39 -0.04 0.06 360 -0.653 19.1 100.0 181 0 180 0.0 180
uv0;19:50 -1 ~286 26 0 1.35 -0.02 0.02 360 -0.228 20.5 100.0 181 0 180 0.0 180
00:20:00 -1 ~279 26 0 1.32 0.01 -0.02 360 0.181 20.1 100.0 181 0 180 0.0 180
00:20:10 -1 -272 26 0 1.29 0.03 -0.06 360 0.548 18.6 .100.0 181 0 180 0.0 180
00:20:20 -1 -266 26 0 1.25 0.05 -0.09 000 0.855 16.1 100.0 181 4] 180 0.0 180

e e
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Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current
HH:MM:SS East North Port Stbhd Long Bow Stern Heading Deg/Min Deg £ Deg Knots Deg Knots Deg
00:20:30 -1 -259, 26 0 1.22 0.06 -0.11 000 1.09¢ 13.0 100.0 181 0 180 0.0 180

":20:40 -1 -253 26 0 1.19 0.06 -0.12 000 1.244 9.5 100.0 181 0 180 0.0 180

,:20:50 -2 -247 26 0 1.16 0.07 -0.14 001 1.314 5.4 100.0 181 [v] 180 0.0 180
00:21:00 -2 ~241 26 0 1.13 0.06 -0.14 001 1.302 1.4 100.0 181 0 180 0.0 180
00;21:10 -2 -235 26 [ 1.10 0.06 -0.14 001 1.216 -2.4 100.0 181 0 180 0.0 180
00:;21:20 -2 -230 26 0 1.07 0.05 -0.12 001 1.066 -5.7 100.0 181 0 180 0.0 180
00:21:30 -2 -224 26 0 1.04 0.03 -0.10 001 0.867 ~8.3 100.0 181 0 180 0.0 180
00:21:40 -2 -219 26 0 1.01 0.02 -0.08 002 0.633 -10.3 100.0 181 o] 180 0.0 180
00:21:50 -2 -214 26 0 0.98 0.00 -0.06 002 0.379 -11.7 100.0 181 0 180 0.0 180
00:22:00 -2 -209 26 0 0.95 -0.01 -0.03 002 0.124 -12.0 100.0 181 o] 180 0.0 180
00:22:10 -2 -204 26 0 0.92 -0.03 -0.01 002 ~-0.125 -11.8 100.0 181 0 180 0.0 180
00:22:20 -2 -200 26 0 0.89 -0.04 0.01 002 -0.344 -10.8 100.0 181 0 180 0.0 180
00:22:30 -2 -195 26 0 0.86 ~-0.05 0.03 002 -0.529 -9.4 100.0 181 o] 180 0.0 180
00:22:40 -2 =191 26 0 0.83 -0.06 0.04 001 -0.671 -7.5 100.0 181 0 180 0.0 180
00:22:50 -2 -187 26 0 0.80 -0.07 0.05 001 -0.765 ~5.1 100.0 181 0 180 0.0 180
00:23:00 -2 -182 26 0 0.77 -0.07 0.06 001 -0.808 -2.7 100.0 181 0 180 0.0 180
00:23:10 -2 -179 26 0 0.75 -0.07 0.06 001 -0.803 0.1 100.0 181 0 180 0.0 180
00:23:20 -2 -175 26 0 0.72 -0.06 0.06 001 -0.754 2.4 100.0 181 [ 180 0.0 180
00:23:30 -2 ~171 26 0 0.69 -0.06 0.05 001 ~0.666 4.5 100.0 181 0 180 0.0 180
00:23:40 -2 -168 26 0 0.66 -0.05 0.04 001 -0.547 6.0 100.0 181 0 180 0.0 180
00:23:50 -2 -164 26 0 0.64 -0.05 0.04 001 -0.591 -10.2 100.0 181 0 180 0.0 180
00:24:00 -2 -161 26 0 0.61 -0.06 0.05 001 -0.670 3.3 100.0 181 0 180 0.0 180
00:24:10 -1 -158 26 0 0.58 -0.04 0.03 000 -0.473 11.1 100.0 181 0 180 0.0 180
00:24:20 -2 -155 26 0 0.55 -0.03 0.01 000 ~0.244 11-.8 100.0 181 V] 180 0.0 180
00:24:30 -2 -152 26 0 0.53 -0.02 -0.01 000 -0.018 11.9 100.0 181 (o} 180 0.0 180
00:24:40 -2 -150 26 0 0.50 0.00 -0.04 000 0.295 26.0 100.0 181 [ 180 0.0 180
00:24:50 -2 -147 26 0 0.47 0.03 ~0.09 000 0.781 26.2 100.0 181 1] 180 0.0 180
00;25:00 -2 -145 26 0 0.44 0.05 -0.13 001 1.181 21.7 100.0 181 0 180 0.0 180
00;25:10 -2 -143 26 0 0.41 0.07 -0.16 001 1.477 16.6 100.0 181 0 180 0.0 180
00;25;20 -2 -141 26 0 0.39 0.08 ~0.18 001 1.659 11.3 100.0 181 V] 180 0.0 180
00;25:30 -3 -139 26 0 0.36 0.08 -0.19 001 1.727 5.6 75.0 181 o] 180 0.0 180
00:25:40 -3 =137 26 0 0.37 0.08 -0.19 002 1.694 0.8 52.0 181 o 180 0.0 180
00;25:50 -3 -135 26 0 0.39 0.07 -0.17 002 1.578 ~3.7 52.0 181 0 180 0.0 180
00:26:00 -3 -133 26 0 0.40 0.06 -0.16 002 1.391 -7.5 52.0 181 0 180 0.0 180
00:26:10 -3 -131 26 0 0.39 0.05 -0.13 002 1.149 -10.8 99.0 181 0 180 0.0 180
00:26:20 -3 -129 26 0 0.37 0.03 -0.11 003 0.866 -12.9 77.0 181 0 180 0.0 180
00:26:30 -4 -127 26 0 0.37 0.01 -0.08 003 0.564 -14.2 77.0 181 0 180 0.0 180
00:26:40 -4 -125 26 0 0.37 -0.01 -0.05 003 0.261 -14.4 77.0 181 /] 180 0.0 180
00:26:50 -4 -123 26 0 0.36 -0.03 ~-0.02 003 ~-0.034 -17.5 77.0 181 V] 180 0.0 180

327:00 -4 -121 26 0 0.36 ~0.06 0.03 003 -0.547 -35.0 77.0 181 0 180 0.0 180

+327;10 -4 -119 26 0 0.35 -0.10 0.09 003 -1.184 -35.0 77.0 181 0 180 0.0 180
00:27:20 -3 -118 26 0 0.34 -0.13 0.15 002 -1.794 -35.0 77.0 181 0 180 0.0 180
00:27:30 -3 -116 26 0 0.33 -0.17 0.21 002 -2.376 -35.0 77.0 181 V] 180 0.0 180
00:27:40 -3 -114 26 0 0.32 -0.20 0.26 002 -2.927 -35.0 77.0 181 0 180 0.0 180
00:;27:50 -3 -113 26 0 0.32 -0.22 0.31 001 -3.338 -21.3 77.0 181 0 180 0.0 180
00:28;00 -3 -111 26 0 0.31 -0.22 0.31 000 -3.398 -2.3 77.0 181 0 180 0.0 180
00:28:10 -2 -109 26 0 0.31 -0.20 0.29 360 -3.105 16.7 77.0 181 0 180 0.0 180
00:28:20 -2 -108 26 0 0.29 -0.16 0.23 359 -2.484 35.0 100.0 181 1] 180 0.0 180
00:28:30 -2 -106 26 0 0.27 -0.12 0.16 355 -1.743 35.0 76.0 181 [} 180 0.0 180
00:28:40 -2 -105 26 0 0.26 -0.08 0.09 359 -1.040 35.0 76.0 ig1 0 180 0.0 180
00:28:50 -2 -104 26 0 0.26 -0.04 0.02 359 -0.367 35.0 76.0 181 0 180 0.0 180
00:29:00 -2 -102 26 0 0.25 0.00 -0.04 359 0.279 35.0 76.0 181 D] 180 0.0 180
00:29:10 -2 -101 26 0 0.24 0.04 -0.10 359 0.901 35.0 76.0 181 0 180 0.0 180
00:29:20 -3 -100 26 [ 0.24 0.08 -0.16 359 1.496 35.0 76.0 181 4] 180 0.0 180
00:29:30 -3 -99 26 0 0.23 0.11 -0.22 359 2.062 35.0 76.0 181 (4] 180 0.0 180
00:29:40 -3 -98 26 0 0.20 0.15 -0.27 360 2.647 35.0 76.0 181 4] 180 0.0 180
00:29:50 -3 -97 26 0 0.14 0.20 ~0.32 000 3.316 35.0 0.0 181 0 180 0.0 180
00;30:00 -4 -96 0 0 0.06 0.26 -0.35 001 3.890 35.0 0.0 181 0 180 0.0 180
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HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY
Simulation Number: 1] Date: 3 February 1999
Start Time: 09:24
Length of run [secs]: 2156

Ship Condition: draft=13.72 m

Environment
Wind Speed [knots]:.......c.couveeninnnn. -0 Direction: 0
Sea State, Significant wave height tm]:.. 0 Direction: 0
Current Speed [knots]i.......cccoevennnnnnn. 0 Direction: 0
Ship Operator: J.A. Observer: B.K.J & JK.

Final Mating, distance between center of buoy and center of moon pool [m]: 0.9
Evaluation:

Everything went well. Started deceleration immediately by reducing RPM to 25 and
using full reverse thruster. In the latter part of the approach the captain made several
small heading adjustments. Deceleration was done in the following way: 3 knots at 1000
m from the buoy to the moon pool, and at 500 m the speed was 2 knots. Just before
attachment the speed was (0.2 knots — perfect mating, about 1 m off.
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Shiphandling Simulator Exercise date & time: 03-Feb-99
09:24:26
Ship: 591 150,000 ton, Tanker, partial load
Exercise number: 750 Suction Mooring System
Scenario; 110 Open Ocean
g file: 999 pummy tug file based on containership
affic ships: 590 Suction Mooring Buoy
Initial conditions: 590 150k tanker in partial load - Suction Mooring
Exercise identification: Ru,;) A
Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current
HH;MM:SS East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
00;13;20 0 ~-789 0 2.39 0.00 0.00 360 0.002 0.0 75.0 180 0 180 0.0 180
00:13:30 0 ~776 26 0 2.38 0.00 0.00 360 -0.008 0.5 75.0 180 0 180 0.0 180
00;13:40 0 ~764 0 2.36 0.00 0.00 360 ~0.004 0.6 75.0 180 o] 180 0.0 180
00:13:50 0 ~752 26 0 2.35 0.00 0.00 360 0.000 0.6 75.0 180 Y] 180 0.0 180
00:14:00 0 ~740 26 1] 2.33 0.00 0.00 360 0.003 0.6 75.0 180 0 180 0.0 180
00:;14:10 0 ~728 [} 2.32 0.00 0.00 360 0.006 0.6 75.0 180 0 180 0.0 180
00:14:20 0 ~716 26 0 2.30 0.00 0.00 360 0.000 0.0 75.0 180 4} 180 0.0 180
00:14:30 1 ~704 26 0 2.29 0.00 0.00 360 -0.005 6.6 75.0 180 0 180 0.0 180
00:;14:40 1 -692 26 0 2.27 0.00 0.00 360 ~0.002 0.6 75.0 180 0 180 0.0 180
00:;14:50 1 ~681 4] 2.26 0.00 0.00 360 0.001 0.6 75.0 180 4] 180 0.0 180
00:15;00 1 ~669 26 0 2.25 0.00 0.00 360 0.004 0.6 75.0 180 0 180 0.0 180
00:15:10 1 -658 26 0 2.23 0.00 0.00 360 0.002 0.0 75.0 180 0 180 0.0 180
00:15:20 1 -646 0 2.22 0.00 0.00 360 -0.005 0.6 100.0 180 0 180 0.0 180
00:15:30 1 -635 0 2.18 0.00 0.00 360 -0.001 0.6 100.0 180 0 180 0.0 180
00:15:40 1 -624 0 2.14 0.00 0.00 360 0.002 0.6 100.0 180 0 180 0.0 180
00:15:50 1 -613 26 0 2.10 0.00 0.00 360 0.006 0.6 100.0 180 0 180 0.0 180
00:16:00 1 -602 26 ] 2.06 0.00 0.00 360 -~0.004 0.0 100.0 180 ] 180 0.0 180
00:16:10 1 -592 0 2.03 0.00 0.01 360 -0.107 -0.5 100.0 180 0 180 0.0 180
00:16:20 1 -581 26 0 1.99 0.00 0.01 360 -0.096 0.6 100.0 180 0 180 0.0 180
00:16:30 1 =571 0 1.95 0.00 0.01 360 -0.080 0.2 100.0 180 0 180 0.0 180
00;16:40 1 ~561 0 1.92 -0.01 0.03 360 -0.288 -16.1 100.0 180 0 180 0.0 180
00:16:50 1 -S851 0 1.88 -0.03 0.07 360 -0.616 -13.9 100.0 180 0 180 0.0 180
00:17:00 1 ~542 1] 1.84 -0.03 0.07 360 -0.675 5.1 100.0 180 0 180 0.0 180
00:;17:10 1 -532 0 1.81 -0.02 0.06 360 -0.515 7.1 100.0 180 0 180 0.0 180
00:17:20 1 -523 26 0 1.77 -0.01 0.04 360 ~0.336 8.1 100.0 180 0 180 0.0 180
00:17:30 1 -514 26 0 1.74 0.00 0.03 360 -0.151 8.5 100.0 180 0 180 0.0 180
00:17:40 1 ~505 26 0 1.70 0.01 0.01 360 0.033 9.0 100.0 180 0 180 0.0 180
00:17:50 1 -497 o 1.67 0.02 -0.01 360 0.199 8.3 100.0 180 o 180 0.0 180
00:;18:00 1 -488 26 [] 1.63 0.03 -0.02 360 0.341 7.6 100.0 180 0 180 0.0 180
:18:10 1 ~480 26 0 1.60 0.04 -0.03 360 0.452 6.4 100.0 180 0 180 0.0 180
:18:20 1 =472 26 0 1.56 0.03 -0.03 360 0.372 -11.3 100.0 180 0 180 0.0 180
00:18:30 1 ~464 26 0 1.53 0.01 0.00 360 0.067 -13.6 100.0 180 o} 180 0.0 180
00:18:40 1 -456 0 1.50 0.00 0.03 360 -0.222 -13.3 100.0 180 0 180 0.0 180
00:18:50 1 -448 26 0 1.46 -0.01 0.04 360 -0.366 1.5 100.0 180 0 180 0.0 180
00:19:00 1 -441 26 0 1.43 0.00 0.03 360 -0.235 6.5 100.0 180 0 180 0.0 180
00:19:10 1 -434 26 0 1.40 -0.01 0.04 360 -0.298 -10.4 100.0 180 0 180 0.0 180
00:19:20 1 -426 26 V] 1.37 -0.02 0.06 360 -0.490 -9.1 100.0 180 0 180 0.0 180
00:19:30 1 -420 26 0 1.33 -0.03 0.07 359 -0.639 -7.3 100.0 180 0 180 0.0 180
00:19:40 1 -413 26 [ 1.30 -0.03 0.09 359 -0.739 -5.0 100.0 180 0 180 0.0 180
00:19:50 1 ~406 26 0 1.27 -0.03 0.09 359 -0.788 -2.6 100.0 180 0 180 0.0 180
00:20:00 1 -400 26 0 1.24 -0.03 0.09 359 -0.787 ~-0.4 100.0 180 0 180 0.0 180
00:20:10 1 ~393 26 0 1.21 -0.03 0.09 359 ~0.740 1.8 100.0 180 0 180 0.0 180
00:20:20 1 ~387 26 0 1.18 -0.02 0.08 359 -0.654 4.0 100.0 180 (¢} 180 0.0 180
00:;20:30 1 ~-381 26 0 1.15 -0.01 0.07 359 ~0.535 5.6 100.0 180 (] 180 0.0 180
00:20:40 1 ~375 26 -0 1.12 0.00 0.06 359 -0.395 7.2 100.0 180 0 180 0.0 180
00:20;50 1 -370 26 0 1.09 0.01 0.04 359 -0.188 17.6 100.0 180 0 180 0.0 180
00:21:00 1 ~364 26 0 1.05 0.04 -0.01 359 0.277 25.0 100.0 180 0 180 0.0 180
00:21:10 1 ~359 26 0 1.02 0.06 -0.0S 359 0.723 23.4 100.0 180 o} 180 0.0 180
00:21:20 1 -354 26 0 0.99 0.08 -0.09 359 1.095 20.1 100.0 180 0 180 0.0 180
00:21:30 1 -349 26 0 0.96 0.10 -0.12 359 1.377 15.8 100.0 180 V] 180 0.0 180
00:21:40 1 -344 26 0 0.93 0.11 -0.14 359 1.559 11.0 100.0 180 0 180 0.0 180
00:21:50 1 -339 26 0 0.90 0.11 -0.15 360 1.638 6.3 100.0 180 0 180 0.0 180
00;22:00 1 -334 26 0 0.87 0.11 -0.15 360 1.618 1.2 100.0 180 . 0 180 0.0 180
00:22:10 0 -330 26 o 0.84 0.10 -0.14 000 1.507 -3.2 100.0 180 0 180 0.0 180
00:22;20 0 -326 26 0 0.82 0.09 -0.12 000 1.320 -7.5 100.0 180 0 180 0.0 180
00:22:30 0 ~-322 26 0 0.79 0.07 -0.10 001 1.073 -10.6 100.0 180 0 180 0.0 180
00:22:40 0 -318 26 0 0.78 0.05 -0.07 001 0.785 -13.0 74.0 180 0 180 0.0 180
00:;22:50 0 -314 26 0 0.77 0.03 -0.04 001 0.472 -14.8 74.0 180 o} 180 0.0 180
00:23:00 0 -310 26 0 0.77 0.01 -0.01 001 0.160 -15.4 74.0 180 0 180 0.0 180
00:23:10 0 -306 26 0 0.77 -0.01 0.02 001 -0.144 -15.0 74.0 180 0 180 0.0 180
00:23:20 1 -302 26 0 0.76 -0.02 0.04 001 -0.414 -13.4 74.0 180 0 180 0.0 180
00:23:30 1 -298 26 0 0.76 -0.03 0.07 001 -0.651 ~15.8 74.0 180 0 180 0.0 180
00:23:40 1 -294 26 0 0.76 -0.06 0.11 001 -1.082 -26.5 74.0 180 o] 180 0.0 180
00:23:50 1 -290 26 0 0.75 -0.08 0.15 000 -1.497 ~-21.8 74.0 180 0 180 0.0 180
00:24:;00 1 -286 26 0 0.75 -0.10 0.18 000 -1.795 -16.3 74.0 180 0 180 0.0 180
00:24:10 1 -282 26 0 0.74 -0.11 0.20 360 -1.969 -10.4 74.0 180 0 180 0.0 180
00:24:20 2 -279 26 [+ 0.74 -0.11 0.21 359 -2.018 -4.2 74.0 180 0 180 0.0 180
:24:30 2 -275% 26 4] 0.74 -0.10 0.21 359 -1.951 1.4 74.0 180 0 180 0.0 180
24:40 2 =271 26 0 0.73 ~0.09 0.19 359 -1.781 6.8 74.0 180 0 180 0.0 180
:24:50 2 ~267 26 0 0.73 ~0.07 0.17 358 -1.525 11.5 74.0 180 0 180 0.0 180
00:25:00 2 ~263 26 0 0.73 -0.05 0.14 358 -1.206 14.9 74.0 180 0 180 0.0 180
00:25:10 2 ~260 26 0 0.73 -0.03 0.10 358 -0.844 17.7 74.0 180 1] 180 0.0 180
00:25:20 2 -256 26 [ 0.72 ~0.01 0.07 358 -0.464 18.8 74.0 180 \] 180 0.0 180
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Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current
HH:MM:SS East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
00:25:30 2 -252 26 0 0.72 0.02 0.03 358 ~0.086 19.3 74.0 180 1] 180 0.0 180

$25;40 2 -249 26 0 0.71 0.04 0.00 358 0.269 18.7 74.0 180 0 180 0.0 180
,:25:50 2 -245 26 0 0.69 0.06 -0.04 358 0.581 16.5 98.0 180 0 180 0.0 180
00:26:00 2 -241 26 0 0.68 0.07 -0.06 358 0.838 13.8 76.0 180 0 180 0.0 180
00:26:10 2 ~-238 26 0 0.68 0.09 -0.09 358 1.156 27.9 76.0 180 0 180 0.0 180
00:26:20 2 ~-234 26 0 0.67 0.11 -0.14 359 1.590 23.7 76.0 180 0 180 0.0 180
00:26:30 2 -231 26 0 0.67 0.13 -0.17 359 1.900 18.0 76.0 180 0 180 0.0 180
00;26:40 2 -228 26 0 0.66 0.14 -0.19 359 2.057 6.3 76.0 180 [o] 180 0.0 180
00:26:50 2 -224 26 0 0.66 0.13 -0.17 359 1.888 -~12.3 76.0 180 0 180 0.0 180
00:27:00 1 -221 26 0 0.65 0.10 -0.14 360 1.518 ~-16.8 76.0 180 0 180 0.0 180
00:27:10 1 =217 26 0 0.65 0.08 -0.10 000 1.095 -20.0 76.0 180 1] 180 0.0 180
00:27:20 1 -214 26 0 0.64 0.05 -0.05 000 0.644 -21.9 76.0 180 o 180 0.0 180
00:27:30 1 =211 26 0 0.64 0.02 -0.01 000 0.193 -22.3 76.0 180 0 180 6.0 180
00:27:40 1 -208 26 0 0.63 -0.01 0.03 000 ~0.235 -21.5 76.0 180 ] 180 0.0 180
00:27:50 2 -204 26 0 0.63 -0.03 0.07 000 -0.616 -19.2 76.0 180 [ 180 0.0 180
00:28:00 2 -201 26 0 0.62 -0.05 0.10 000 -0.933 -16.2 76.0 180 0 180 0.0 180
00:28:10 2 -198 26 0 0.62 -0.06 0.12 360 ~1.173 -13.0 76.0 180 0 180 0.0 180
00;28:20 2 -195 26 0 0.62 -0.07 0.14 360 -1.328 -8.7 76.0 180 0 180 0.0 180
00:28:30 2 -192 26 0 0.61 -0.07 0.15 359 -1.433 -13.5 76.0 180 0 180 0.0 180
00:28:40 2 -188 26 0 0.61 -0.09 0.18 359 -1.716 -17.0 76.0 180 0 180 0.0 180
00:28:50 3 -185 26 0 0.60 -0.10 0.20 359 -1.908 -11.5 76.0 180 0 180 0.0 180
00;29:00 3 -182 26 0 0.60 -0.10 0.21 359 -1.977 -5.2 76.0 180 0 180 0.0 180
00:29:10 3 ~-179 26 0 0.59 -0.10 0.21 358 -1.932 0.5 76.0 180 0 180 0.0 180
00:29:20 3 ~-176 26 0 0.59 -0.09 0.19 358 -1.783 5.8 76.0 180 [} 180 0.0 180
00:29:30 3 ~-173 26 0 0.59 -0.07 0.17 358 -1.550 10.4 76.0 180 0 180 0.0 180
00;29:40 3 -170 26 0 0.58 ~0.05 0.15 357 -1.251 14.3 76.0 180 0 180 0.0 180
00;29:50 3 ~167 26 0 0.58 -0.03 0.11 357 -0.909 16.5 76.0 180 0 180 0.0 180
00:;30;00 3 ~164 26 0 0.57 -0.01 0.08 357 -0.520 24.9 76.0 180 0 180 0.0 180
00:30:10 3 -161 26 0 0.57 0.03 0.01 357 0.105 35.0 76.0 180 0 180 0.0 180
00:30;:20 3 -158 26 [ 0.56 0.07 -0.05 357 0.737 32.9 76.0 180 0 180 0.0 180
00:30:30 3 -155 26 0 0.55 0.10 -0.10 357 1.280 28.8 100.0 180 0 180 0.0 180
00:30:40 3 -153 26 0 0.52 0.13 -0.14 358 1.706 23.1 100.0 180 0 180 0.0 180
00:30:50 3 -150 26 0 0.49 0.14 -0.18 358 2.050 28.3 100.0 180 ] 180 0.0 180
00:31:00 3 -148 26 0 0.46 0.17 -0.22 358 2.507 26.2 100.0 180 0 180 0.0 180
00:31:10 3 -145 26 0 0.43 0.19 ~-0.25 359 2.789 17.2 100.0 180 0 180 0.0 180
00:31:20 2 -143 26 0 0.40 0.19 -0.26 359 2.882 7.9 100.0 180 4] 180 0.0 180
00:31:30 2 -141 26 ] 0.38 0.18 -0.26 360 2.798 -2.5 100.0 180 0 180 0.0 180
00:31:40 2 -139 26 0 0.35 0.16 ~0.22 000 2.436 ~21.5 100.0 180 0 180 0.0 180
0:31;50 2 -137 26 0 0.32 0.12 -0.16 000 1.799 -31.4 100.0 180 0 180 0.0 180
‘:32:00 2 -136 26 0 0.29 0.08 -0.10 001 1.101 -35.0 100.0 180 0 180 6.0 180
$32:10 2 -134 26 0 0.26 0.04 -0.03 001 0.409 -35.0 100.0 180 0 180 0.0 180
00:32:20 2 -133 26 0o 0.23 0.00 0.04 001 -0.256 ~-35.0 100.0 180 0 180 0.0 180
00:32:30 2 -132 26 0 0.20 -0.04 0.10 001 -0.894 -35.0 100.0 180 1] 180 .0 180
00:32:40 2 -131 26 0 0.18 -0.08 0.16 000 -1.504 -34.7 75.0 180 o] 180 0.0 180
00:32:50 2 -130 26 0 0.19 -0.11 0.21 000 -2.009 -27.2 50.0 180 0 180 .0 180
00:33:00 3 -129 26 [ 0.21 ~-0.13 0.24 360 -2.349 -19.7 28.0 180 [} 180 0.0 180
00:33;10 3 -128 26 0 0.23 -0.14 0.26 359 -2.540 -12.7 50.0 180 0o 180 0.0 180
00;33:20 3 -127 26 0 0.25 -0.14 0.27 359 -2.589 -5.4 50.0 180 0 180 0.0 180
00:33:30 4 ~126 26 0 0.26 -0.14 0.26 359 -2.509 0.9 50.0 180 0 180 0.0 180
00:33:40 4 ~124 26 [ 0.28 -0.12 0.24 358 ~-2.319 6.8 50.0 180 0 180 0.0 180
00:33:50 4 -123 26 0 0.29 -0.11 0.22 358 -2.040 12.0 50.0 180 0 180 0.0 180
00:34:00 4 -121 26 0 0.31 -0.08 0.18 357 -1.693 16.0 50.0 180 0 180 0.0 180
00:34:10 4 -119 26 0 0.33 -0.06 0.15 357 -1.301 18.8 50.0 180 0 180 0.0 180
00:34:20 5 -118 26 0 0.34 -0.03 0.09 357 -0.743 35.0 50.0 180 1] 180 0.0 180
00;34:30 5 ~-116 26 o} 0.35 0.02 0.03 357 -0.070 35.0 50.0 180 0 180 0.0 180
00:34:40 5 -114 26 0 0.36 0.05 ~0.04 357 0.562 29.9 50.0 180 [ 180 0.0 180
00;34:50 4 -112 26 0 0.38 0.07 -0.07 357 0.910 12.9 50.0 180 ] 180 0.0 180
00:35:00 4 -110 26 0 0.39 0.08 ~0.09 357 1.071 9.1 74.0 180 0 180 0.0 180
00:35:10 4 -108 26 0 0.39 0.09 -0.10 357 1.160 5.5 74.0 180 0 180 0.0 180
00:35:20 4 -106 26 0 0.36 0.08 ~0.10 358 1.176 1.8 100.0 180 0 180 0.0 180
00;35:30 4 -104 26 0 0.34 0.08 -0.09 358 1.122 -3.1 100.0 180 0 180 0.0 180
00:35:40 4 -103 26 0 0.31 0.07 ~0.07 358 0.835 ~22.1 100.0 180 0 180 0.0 180
00:35:50 4 -101 26 0 0.28 0.04 -0.02 358 0.386 -22.5 100.0 180 1] 180 0.0 180
00:36:00 4 ~100 26 0 0.25 0.01 0.02 358 -0.042 -21.2 100.0 180 o} 180 0.0 180
00:36:10 4 -99 25 0 0.20 -0.01 0.05 358 ~0.420 ~18.5 0.0 180 [} 180 0.0 180




Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load
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HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 12
Start Time: 10:06
Length of run [secs]: 1650

Date: 3 February 1999

Ship Condition: draft=13.72 m

Environment
Wind Speed [knots]:......ccceeveeeninn..n. 0 Direction: 0
Sea State, Significant wave height [m]:.. 0 Direction: 0
Current Speed [knots]:........cccoevenenenn. 2 Direction: /180
Ship Operator: J.A. Observer: B.K.J & J.K.

Final Mating, distance between center of buoy and center of moon pool [m]: 0.2
Evaluation:
Very successful run.

Very similar to run # 11. It tracked well. Recommend start of simulation 1700 m south
of the buoy instead of 1500 m.
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Shiphandling Simulator Exercise date & time: 03-Feb-~99
10:06:45
ship: 591 150,000 ton, Tanker, partial load
Exercise number: 754 Suction Mooring System
Scenario: 112 Open Ocean
.g file: 999 Dummy tug file based on containership

caffic ships: 590 Suction Mooring Buoy
Initial conditions: 594 150k tanker in partial load - Suction Mooring
Exercise identification: RuN # [2

Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current
HH:M4: 88 East North Port Stbhd Long Bow Stern Heading Deg/Min Deg E3 Deg Knots Deg Knots Deg
00:08:20 0 -596 26 0 1.83 -0.01 0.04 000 -0.324 -0.9 76.0 180 0 000 2.0 180
00:08;30 0 -587 26 0 1.80 ~0.01 0.04 000 -0.321 0.2 76.0 180 0 000 2.0 180
00:08:40 0 -577 26 0 1.77 -0.03 0.06 360 -0.538 -16.5 76.0 180 0 000 2.0 180
00:;08:50 1 -568 26 0 1.74 -0.05 0.10 360 -0.962 -14.0 76.0 180 0 000 2.0 180
00:09:00 1 ~-560 26 0 1.71 ~-0.07 0.13 360 -1.267 -10.4 76.0 180 0 000 2.0 180
00:09:10 1 -551 26 0 1.68 -0.08 0.15 359 -1.443 -6.3 76.0 180 0 000 2.0 180
00:09:20 1 -542 26 0 1.65 -0.08 0.16 359 -1.493 -1.7 76.0 180 0 000 2.0 180
00:09:30 1 -534 26 0 1.62 -0.07 0.15 359 -1.425 2.7 76.0 180 0 000 2.0 180
00:09:40 1 -526 26 (s} 1.59 -0.06 0.14 359 -1.258 6.6 76.0 180 0 000 2.0 180
00:09:50 1 -518 26 0 1.56 ~-0.05 0.11 358 -1.015 9.8 76.0 180 0 000 2.0 180
00:10:00 1 -510 26 0 1.53 -0.03 0.08 358 -0.721 12.4 76.0 180 0 000 2.0 180
00:10:10 1 ~502 26 0 1.50 -0.02 0.05 358 -0.403 13.8 76.0 180 0 000 2.0 180
00;10:20 1 -494 26 0 1.47 0.01 0.00 358 0.033 26.6 76.0 180 0 000 2.0 180
00:10:30 0 -487 26 0 1.44 0.05 -0.08 358 0.774 30.3 76.0 180 0 000 2.0 180
00:10:40 0 -479 26 0 1.41 0.08 -0.14 358 1.402 26.4 76.0 180 0 000 2.0 180
00:10:50 0 -472 26 0 1.38 0.10 -0.19 359 1.868 21.0 50.0 180 (¢} 000 2.0 180
00:;11:00 -1 ~465 26 0 1.37 0.11 -0.23 359 2.155 15.0 50.0 180 0 000 2.0 180
00:11:10 -1 ~458 26 0 1.36 0.12 ~-0.24 359 2.262 8.2 50.0 180 o] 000 2.0 180
00:11:20 -2 -451 26 0 1.36 0.1 -0.24 360 2.199 1.5 50.0 180 o} 000 2.0 180
00:11:30 -2 -444 26 0 1.35 0.10 -0.23 000 2.079 7.7 50.0 180 0 000 2.0 180
00:11:40 -2 -437 26 0 1.34 0.10 -0.24 001 2.197 6.5 50.0 180 0 000 2.0 180
00:11:50 -3 -430 26 0 1.33 0.10 -0.24 001 2.157 -0.1 50.0 180 0 000 2.0 180
00:12:00 -3 -423 26 0 1.33 0.09 -0.22 001 1.968 -6.3 50.0 180 0 000 2.0 180
00:12:10 -3 ~417 26 0 1.32 0.07 -0.19 002 1.659 -11.5 50.0 180 0 000 2.0 180
00:12;20 -3 ~-410 26 0 1.31 0.05 -0.15 002 1.263 -15.2 50.0 180 o] 000 2.0 180
00:12:30 -3 -403 26 0 1.31 0.03 -0.10 002 0.817 -18.2 27.0 180 0 000 2.0 180
00:12:40 -3 ~-396 26 0 1.31 0.00 -0.05 002 0.357 -19.5 27.0 180 0 000 2.0 180
00:12:50 -3 -390 26 o 1.32 -0.02 -0.01 002 -0.087 -19.6 27.0 180 0 000 2.0 180

:13:00 -3 -383 26 0 1.32 -0.04 0.04 002 -0.486 -18.2 27.0 180 0 000 2.0 180

d:lB;lO -2 =376 26 0 1.32 -0.05 0.08 002 -0.814 -16.2 27.0 180 0 000 2.0 180

:13:20 -2 ~369 26 0 1.32 -0.06 0.11 002 -1.058 -13.1 27.0 180 0 000 2.0 180
00:13:30 -2 ~-362 26 [¢] 1.33 -0.07 0.13 002 -1.208 -9.6 27.0 180 o] 000 2.0 180
00:13:40 ~1 -356 26 0 1.33 -0.08 0.16 001 -1.525 -23.4 27.0 180 0 000 2.0 180
00:13:50 -1 -349 26 0 1.29 ~0.10 0.20 001 -1.918 -17.9 100.0 180 o] 000 2.0 180
00:14:00 [ -342 26 0 1.24 -0.11 0.23 001 -2.133 -11.5 78.0 180 0 000 2.0 180
00:14:10 0 -336 26 (¢} 1.21 -0.11 0.24 000 -2.179 -4.7 78.0 180 V] 000 2.0 180
00:14:20 0 =330 26 0 1.18 ~0.10 0.23 000 ~2.068 1.5 78.0 180 0 000 2.0 180
00:14:30 1 -324 26 0 1.16 -0.08 0.21 360 -1.827 7.4 78.0 180 0 000 2.0 180
00:14:40 1 -318 26 0 1.13 -0.06 0.17 359 -1.487 12.2 78.0 180 0 000 2.0 180
00;14:50 1 ~312 26 0 1.10 -0.04 0.13 359 -1.081 15.2 78.0 180 0 000 2.0 180
00:15:00 1 ~307 26 o] 1.08 -0.01 0.09 359 -0.644 17.6 78.0 180 0 000 2.0 180
00:15:10 1 -301 26 0 1.05 0.01 0.05 359 -0.210 18.2 78.0 180 0 000 2.0 180
00;15:20 1 -296 26 0 1.02 0.03 0.00 359 0.200 17.9 78.0 180 0 000 2.0 180
00:15:30 1 =291 26 0 1.00 0.05 -0.03 359 0.552 16.3 78.0 180 o 000 2.0 180
00:15:40 1 -285 26 0 0.98 0.07 -0.07 359 0.831 14.2 50.0 180 o 000 2.0 180
00:15:50 1 ~280 26 [} 0.97 0.07 ~0.09 359 1.028 1.1 74.0 180 0 000 2.0 180
00;16:00 1 -275 26 0 0.95 0.08 -0.10 360 1.140 7.6 74.0 180 0 000 2.0 180
00:16:10 1 -271 26 0 0.93 0.08 -0.11 360 1.165 4.2 74.0 180 0 000 2.0 180
00:16:20 1 -266 26 0 0.91 0.07 -0.10 360 1.111 0.8 74.0 180 0 000 2.0 180
00:;16:30 1 =261 26 0 0.89 0.06 -0.09 000 0.990 -2.4 74.0 180 (v} 000 2.0 180
00:;16:40 1 -257 26 0 0.87 0.04 -0.06 000 0.640 -20.0 74.0 180 o] 000 2.0 180
00:16:50 1 -252 26 0 0.85 0.00 0.00 000 0.030 -22.6 74.0 180 0 000 2.0 180
00:17:00 1 ~248 26 o} 0.83 -0.03 0.05 000 -0.518 -21.2 74.0 180 o] 000 2.0 180
00:17:10 1 -244 26 ¢ 0.81 -0.05 0.10 000 -0.974 -18.3 74.0 180 o] 000 2.0 180
00:17:20 1 =240 26 0 0.79 ~0.07 0.13 360 ~1.315 -14.4 74.0 180 0 000 2.0 180
00:17:30 1 ~-236 26 0 0.77 -0.09 0.16 360 -1.531 -9.6 74.0 180 0 000 2.0 180
00:17:40 1 -232 26 [ 0.75 -0.09 0.17 359 -1.621 -4.8 74.0 180 4] 000 2.0 180
00:17:50 1 ~228 26 0 0.73 -0.09 0.16 359 -1.593 0.2 74.0 180 0 000 2.0 180
00:18:00 2 -224 26 0 0.72 -0.08 0.15 359 -1.463 4.7 74.0 180 0 000 2.0 180
00:18:10 2 -220 26 0 0.70 -0.07 0.13 359 -1.251 8.3 74.0 180 0 000 2.0 180
00:18:20 2 ~217 26 0 0.68 -0.05 0.10 358 -0.981 11.3 74.0 180 0 000 2.0 180
00:18:30 2 -213 26 0 0.66 -0.04 0.07 358 -0.676 13.6 66.0 180 [v] 000 2.0 180
00:18:40 2 ~-210 26 0 0.65 -0.02 0.04 358 -0.362 14.2 66.0 180 0 000 2.0 180
00:18;50 2 -207 26 0 0.64 ~-0.01 0.00 358 -0.057 14.7 66.0 180 0 000 2.0 180
00:19:00 1 ~203 26 0 0.63 0.01 -0.03 358 0.221 13.7 66.0 180 0 000 2.0 180
00:19:10 1 ~200 26 [ 0.62 0.02 -0.05 358 0.453 12.1 66.0 180 0 000 2.0 180
00:19:20 1 -197 26 0 0.61 0.04 -0.09 358 0.830 27.7 66.0 180 0 000 2.0 180

:19:30 1 -194 26 0 0.59 0.07 -0.14 359 1.330 23.4 66.0 180 o} 000 2.0 180

:19:40 1 -191 26 0 0.58 0.09 -0.18 359 1.689 18.1 66.0 180 0 000 2.0 180
0:;19:50 0 -188 26 0 0.57 0.10 -0.20 359 1.898 12.4 66.0 180 o 000 2.0 180
00:20:00 0 -185 26 0 0.56 0.10 -0.21 359 1.961 6.1 66.0 180 0 000 2.0 180
00:20:10 0 -182 26 0 0.55 0.09 -0.20 360 1.891 0.4 66.0 180 0 000 2.0 180
00:20:20 -1 -179 26 Y] 0.54 0.08 -0.19 000 1.708 -4.8 66.0 180 o] 000 2.0 180

e e e g
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Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current
HH:MM:SS East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
00;20:30 -1 ~177 26 0 0.52 0.07 -0.16 000 1.441 ~§.9 76.0 180 [o] 000 2.0 180

Ql:ZG:‘iO -1 -174 26 0 06.50 0.05 -0.12 001 1.165 -2.7 76.0 180 0 000 2.0 180
0:20:50 -1 -172 26 0 0.49 0.05 -0.13 001 1,170 2.2 76.0 180 0 000 2.0 180
00:21:00 -1 -169 26 0 0.47 0.05 -0.13 001 1.131 -1.1 76.0 180 0 000 2.0 180
00:21;10 -2 -167 26 0 0.46 0.05 -0.11 001 1.021 -4.3 62.0 180 [o] 000 2.0 180
00:21:20 -2 -164 26 0 0.45 0.04 -0.10 001 0.860 -6.8 63.0 180 0 000 2.0 180
00:21:30 -2 ~-162 26 0 0.45 0.03 ~-0.08 001 0.664 -8.5 52.0 180 0 000 2.0 180
00:21:40 -2 -160 26 0 0.45 0.02 -0.05 001 0.449 -9.6 52.0 180 0 000 2.0 180
00:21:50 -2 -157 26 0 0.45 0.01 -0.03 002 0.232 -10.2 52.0 180 0 000 2.0 180
00:22:00 -2 -155 26 0 0.45 0.00 -0.01 002 0.025 -10.2 52.0 180 0 000 2.0 180
00:22:10 -2 ~153 26 0 0.45 -0.01 0.02 002 -0.188 -16.0 52.0 180 [ 000 2.0 180
00:22:20 -2 -151 26 o 0.45 -0.04 0.07 001 -0.676 -24.7 52.0 180 0 000 2.0 180
00:22:30 -1 ~-148 26 0 0.45 -0.06 0.11 001 -1.124 ~20.8 52.0 180 0 000 2.0 180
00:22:40 -1 -146 26 0 0.44 -0.08 0.15 001 -1.449 -16.4 52.0 180 0 000 2.0 180
00:22:50 -1 ~-144 26 0 0.44 ~-0.09 0.17 001 ~1.644 -10.9 52.0 180 0 000 2.0 180
00:23;00 -1 -141 26 0 0.45 -0.09 0.18 001 -1.713 -5.7 52.0 180 0 000 2.0 180
00:23:10 -1 ~139 26 0 0.44 -0.09 0.17 000 -1.667 -0.6 76.0 180 0 000 2.0 180
00:23:20 0 ~-137 26 0 0.43 -0.08 0.16 000 ~1.523 3.6 176.0 180 [o] 000 2.0 180
00:23:30 0 -135 26 [} 0.41 -0.07 0.14 360 -1.301 7.7 76.0 180 [] 000 2.0 180
00:23:40 0 -133 26 0 0.39 -0.05 0.11 360 -1.025 10.4 76.0 180 [ 000 2.0 180
00:23:50 0 ~-131 26 0 0.38 ~0.03 0.08 359 -0.722 12.4 67.0 180 [s} 000 2.0 180
00:24:00 0 -129 26 0 0.37 -0.01 0.05 359 -0.413 13.2 67.0 180 0 000 2.0 180
00:24:10 0 ~-127 26 0 0.36 0.00 0.02 359 -0.122 12.8 67.0 180 0 000 2.0 180
00:24:20 0 -125 26 0 0.35 0.02 -0.01 359 0.138 11.9 67.0 180 0 000 2.0 180
00:24;30 0 ~123 26 ] 0.34 0.03 -0.03 359 0.355 10.6 67.0 180 0 000 2.0 180
00:24:40 0 -121 26 0 0.33 0.04 -0.05 359 0.520 8.9 67.0 180 0 000 2.0 180
00:;24:50 0 -120 26 0 0.32 0.04 ~0.06 360 0.630 6.7 79.0 180 0 000 2.0 180
00:25;00 0 -118 26 0 0.30 0.05 -0.06 360 0.684 4.1 79.0 180 0 000 2.0 180
00:25:10 0 -117 26 0 0.29 0.04 -0.06 360 0.687 1.7 70.0 180 o] 000 2.0 180
00:25:20 0 ~115 26 0 0.28 0.04 -0.06 360 0.645 0.1 63.0 180 0 000 2.0 180
00;25;30 0 -114 26 0 0.27 0.04 -0.05 360 0.571 -1.3 63.0 180 0 000 2.0 180
00:25:40 0 -112 26 0 0.27 0.03 -0.04 000 0.474 -2.7 63.0 180 0 000 2.0 180
00:25:50 0 -111 26 o 0.26 0.02 -0.03 000 0.364 -3.3 63.0 180 0 000 2.0 180
00:26:00 0 -110 26 [+} 0.26 0.02 -0.02 000 0.247 -3.9 63.0 180 0 000 2.0 180
00:26:10 o ~-108 26 0 0.26 0.01 -0.01 000 0.135 -4.0 63.0 180 0 000 2.0 180
00:26:20 0 -107 26 0 0.25 0.00 0.00 000 0.033 -4.1 63.0 180 0 000 2.0 180
00:26:30 0 -106 26 0 0.25 0.00 0.01 000 -0.060 -3.7 63.0 180 0 000 2.0 180
00:26:40 0 -104 26 0 0.24 0.00 0.02 000 -0.127 -2.8 63.0 180 0 000 2.0 180
0:26:50 0 -103 26 [} 0.24 -0.01 0.02 000 -0.178 -1.9 63.0 180 0 000 2.0 180
‘:27:00 0 -102 26 0 0.23 -0.01 0.02 000 -0.210 -1.2 63.0 180 0 000 2.0 180
0:27:10 o] -101 26 0 0.23 -0.01 0.03 000 -0.223 -0.5 63.0 180 0 000 2.0 180
00:27;:20 0 -100 26 0 0.22 -0.01 0.03 000 -0.223 0.1 63.0 180 4] 000 2.0 180




Simulation Track Plot
Open Ocean

Ship: 150,000 ton, Tanker, partial load
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HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY
Simulation Number: 13 Date: 3 February 1999
Start Time: 10:46
Length of run [secs]: 1785

Ship Condition: draft=13.72m

Environment
Wind Speed [knots]:......ccoevevninennnnn.. 20 Direction: 0
Sea State, Significant wave height [m]:.. 3 Direction: 180
Current Speed [knots]:......ccovvevnnennenes 0 Direction: 0
Ship Operator: J.A. Observer: B.K.J & J.K.

Final Mating, distance between center of buoy and center of moon pool [m]: 1.25
Evaluation:

Successful run.

Everything worked out okay.

A quicker response of the autopilot might help the course keeping.
The deceleration plan worked out well, 0.3 knots at mating.
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Shiphandling Simulator Exercise date & time: 03-Feb-99
10:46:47
Ship: 591 150,000 ton, Tanker, partial load
Exercise number: 754 Suction Mooring System
Scenario; 112 Open Ocean
.g file: 999 pummy tug file based on containership
zaffic ships: 590 Suction Mooring Buoy
Initial conditions: 594 150k tanker in partial load - Suction Mooring
Exercise identification: R%n 4#13
Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current
HH:MM:SS East North Port stbd Long Bow Stern Heading Deg/Min Deg $ Deg Knots Deg Knots Deg
00:08:20 0 -873 28 0 2.76 0.00 0.01 360 -0.050 0.6 1100.0 180 22 000 0.0 180
00:08:30 0 -859 28 0 2.69 0.00 0.01 360 -0.043 0.6 55.0 180 23 000 0.0 180
00:08:40 0 -845 28 0 2.67 0.00 0.01 360 -0.034 1.1 47.0 180 17 000 0.0 180
00:08:50 0 -832 28 0 2.64 0.00 0.00 360 -0.014 1.1 47.0 180 20 000 0.0 180
00:09:00 [ -818 28 0 2.63 0.00 0.00 360 0.003 1.1 76.0 180 15 000 0.0 180
00:09:10 o} -805 28 0 2.61 0.00 0.00 360 0.021 1.1 76.0 180 14 000 0.0 180
00:09:20 0 -791 28 0 2.54 0.00 0.00 360 0.035 0.5 76.0 180 13 000 0.0 180
00:09:30 0 -778 28 0 2.50 0.00 0.00 360 0.036 0.5 76.0 180 20 000 0.0 180
00:09:40 0 -766 28 o] 2.45 0.01 0.00 360 0.065 5.8 76.0 180 18 000 0.0 180
00:09:50 0 =753 28 0 2.39 0.01 -0.01 360 0.080 0.5 76.0 180 20 000 0.0 180
00:10:00 ] ~741 28 0 2.36 0.01 0.00 360 0.069 0.0 76.0 180 17 000 0.0 180
00:10:10 0 ~729 28 0 2.33 0.00 0.00 000 0.055 0.0 76.0 180 i8 000 0.0 180
00:10:20 0 =717 28 0 2.31 0.00 0.00 000 0.041 0.0 76.0 180 16 000 0.0 180
00:10:30 0 -705 28 0 2.30 0.00 0.00 000 0.027 -0.6 76.0 180 19 000 0.0 180
00:120:40 0 -693 28 0 2.26 0.00 0.00 000 0.003 -0.6 76.0 180 17 000 0.0 180
00:10:50 0 -682 28 0 2.22 0.00 0.00 000 -0.021 -0.6 50.0 180 20 000 0.0 180
00:11:;00 0 -670 28 0 2.23 0.00 0.01 000 -0.034 0.0 50.0 180 19 000 0.0 180
00:11:10 0 -659 28 0 2.22 0.00 0.01 000 -0.041 0.0 50.0 180 21 000 0.0 180
00:11:20 0 -647 28 [4] 2.20 0.00 0.01 000 -0.048 0.0 50.0 180 20 000 0.0 180
00:11:30 0 ~636 28 0 2.18 0.00 0.01 360 -0.054 0.0 50.0 180 23 000 0.0 180
00:11:40 0 -625 28 0 2.16 0.00 0.01 360 ~0.055 0.6 50.0 180 22 000 0.0 180
00:11:50 0 ~-614 28 0 2.12 0.00 0.01 360 -0.048 0.6 50.0 180 23 000 0.0 180
00:12:00 ] -603 28 0 2.08 0.00 0.01 360 -0.041 0.6 50.0 180 20 000 0.0 180
00:12:10 0 ~593 28 0 2.05 0.00 0.01 360 -0.035 0.6 50.0 180 19 000 0.0 180
00:12:20 0 -582 28 o] 2.06 0.00 0.01 360 -0.028 0.6 50.0 180 18 000 0.0 180
00:12:30 0 -571 28 [ 2.05 0.00 0.00 360 -0.010 1.1 50.0 180 18 000 0.0 180
00:12:40 0 -561 28 0 2.04 0.00 0.00 360 -0.007 1.1 50.0 180 17 000 0.0 180
00:12:50 0 -550 28 0 2.04 0.00 0.00 360 0.023 1.1 50.0 180 19 000 0.0 180
0:13:00 0 ~540 28 0 2.01 0.00 0.00 360 0.027 0.5 75.0 180 18 000 0.0 180
‘:13:10 0 -530 28 0 2.00 0.00 0.00 360 0.028 0.5 75.0 180 14 000 0.0 180
J:13:20 0 -519 28 0 1.97 0.01 0.00 360 0.065 0.5 75.0 180 15 000 0.0 180
00:13:30 0 -509 28 0 1.95 0.01 0.00 360 0.064 0.5 75.0 180 17 000 0.0 180
00:13:40 0 ~-499 28 0 1.93 0.00 0.00 360 0.055 0.0 75.0 180 18 000 0.0 180
00:13:50 0 -489 28 0 1.90 0.00 0.00 000 0.042 0.0 75.0 180 18 000 0.0 180
00:14:00 0 -480 28 0 1.84 0.00 0.00 000 0.030 0.0 52.0 180 21 000 0.0 180
00:14;10 0 -470 28 0 1.81 0.00 0.00 000 0.018 0.0 52.0 180 18 000 0.0 180
00:14:20 0 -461 28 0 1.80 0.00 0.00 000 0.008 0.0 52.0 180 a8 000 0.0 180
00:14:30 0 ~452 28 0 1.78 0.00 0.00 000 -0.002 0.0 52.0 180 17 000 0.0 180
00;14:40 0 -443 28 0 1.78 0.00 0.00 000 -0.011 0.0 52.0 180 16 000 0.0 180
00:14:50 0 -434 28 0 1.77 0.00 0.00 000 -0.019 0.0 52.0 180 16 000 0.0 180
00:15:00 0 -425 28 0 1.77 0.00 0.00 000 -0.027 0.0 52.0 180 24 000 0.0 180
00:15:10 0 =416 28 0 1.74 0.00 0.01 000 -0.034 0.9 52.0 180 22 000 0.0 180
00:15:20 0 ~-407 28 0 1.73 0.00 0.01 360 -0.044 -1.9 52.0 180 20 000 0.0 180
00;15:30 0 -398 28 0 1.74 -0.02 0.03 360 -0.319 -17.2 52.0 180 20 000 0.0 180
00:15:40 0 -389 28 0 1.73 -0.04 0.07 360 -0.701 -15.3 52.0 180 23 000 0.0 180
00:15:50 1 -380 28 0 1.74 -0.06 0.10 360 -1.009 -12.8 52.0 180 17 000 0.0 180
00:16:00 1 -371 28 0 1.71 -0.07 0.13 360 -1.229 -9.3 77.0 180 19 000 0.0 180
00:16:10 1 -362 28 0 1.64 -0.07 0.14 359 -1.351 -5.2 100.0 180 16 000 0.0 180
00:16:20 1 ~354 28 0 1.58 -0.07 0.14 359 -1.380 -1.2 100.0 180 17 000 0.0 180
00:16:30 1 -346 28 0 1.52 -0.07 0.14 359 -1.316 3.3 100.0 180 17 000 0.0 180
00:16:40 1 -338 28 0 1.45 -0.05 0.12 359 -1.110 6.5 100.0 180 21 [s[s]0] 0.0 180
00:16:50 1 ~331 28 0 1.41 ~0.04 0.10 359 -0.886 9.7 100.0 180 15 000 0.0 180
00:17:00 1 =324 28 0 1.37 -0.03 0.07 358 -0.657 11.8 100.0 180 20 000 0.0 180
00:17:10 1 ~317 28 0 1.30 -0.01 0.04 358 -0.310 20.4 100.0 180 24 000 0.0 180
00:17:20 0 =311 28 0 1.24 0.02 -0.02 358 0.287 30.7 100.0 180 22 000 0.0 180
00:17:30 0 ~304 28 0 1.19 0.06 -0.08 358 0.897 28.4 100.0 180 14 000 0.0 180
00:17:40 0 -298 28 0 1.18 0.08 -0.14 359 1.395 24.0 75.0 180 18 000 0.0 180
00:17:50 0 -292 28 0 1.16 0.11 -0.19 359 1.901 34.5 75.0 180 17 000 0.0 180
00:18:00 -1 -286 28 0 1.15 0.14 -0.25 359 2.495 29.5 75.0 180 18 000 0.0 180
00:18:10 -1 -280 28 0 1.12 0.16 -0.30 360 2.894 21.2 75.0 180 19 000 0.0 180
00:18:20 -1 ~275 28 0 1.09 0.16 -0.32 000 3.076 11.9 75.0 180 20 000 0.0 180
00:18:30 -2 -269 28 0 1.05 0.16 -0.32 001 3.054 2.3 75.0 180 17 000 0.0 180
00:18:40 -2 -264 28 0 1.01 0.14 ~0.30 001 2.845 -6.6 75.0 180 22 000 0.0 180
00:18:50 -2 -259 28 0 0.97 0.12 -0.27 002 2.461 ~14.2 75.0 180 18 000 0.0 180
00:19:00 -3 -254 28 [ 0.97 0.09 ~0.22 002 1.966 -20.3 75.0 180 13 000 0.0 180
00:19:10 -3 ~-249 28 0 0.93 0.06 ~0.16 002 1.398 -24.8 75.0 180 16 000 0.0 180
00:19:20 -3 ~-244 28 0 0.89 0.02 -0.10 002 0.750 -27.5 75.0 180 23 000 0.0 180
:19;30 -3 ~240 28 0 0.86 ~0.01 -0.04 003 0.165 -27.8 100.0 180 18 000 0.0 180
.:19:40 -3 -235 28 0 0.80 -0.03 0.02 003 -0.364 -27.1 100.0 180 16 000 0.0 180
0:19:50 -2 =231 38 0 0.77 -0.08 0.10 002 -1.119 -23.6 100.0 180 17 000 0.0 180
00:20;00 -2 -227 38 0 0.77 -0.12 0.17 002 ~1.878 -18.0 100.0 180 18 000 0.0 180
00:20:10 -2 -223 38 0 0.78 -0.14 0.22 002 -2.260 -11.2 100.0 180 18 000 0.0 180
00:20;20 -2 =219 38 0 0.77 -0.14 0.24 001 -2.381 -3.8 100.0 180 21 000 0.0 180
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Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current
HH:MM:SS East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
0:;20:30 -1 -215 38 0 0.74 -0.14 0.27 001 -2.638 -13.8 100.0 180 19 000 0.0 180

‘:20:40 =1 -212 38 0 0.7 -0.15 0.29 001 -2.815 -5.0 100.0 180 20 000 0.0 180
;20:50 0 -208 38 0 0.69 -0.14 0.28 [1o]o] -2.668 2.9 100.0 180 25 000 0.0 180
00:;21:00 0 ~-205 35 0 0.67 -0.11 0.24 360 -2.253 10.1 100.0 180 22 000 0.0 180
00:21:10 0 -201 29 0 0.62 -0.08 0.20 359 -1.827 15.3 100.0 180 17 000 0.0 180
00:21:20 1 -198 29 0 0.57 ~0.05 0.16 359 ~1.340 19.6 100.0 180 20 000 0.0 180
00:21:30 1 -195 29 0 0.51 -0.02 0.11 359 -0.826 22.2 100.0 180 24 000 0.0 180
00:21:40 1 -193 29 0 0.49 0.00 0.05 359 -0.312 22.7 73.0 180 18 000 0.0 180
00:21;:50 1 -190 29 0 0.47 0.03 0.00 359 0.190 21.5 53.0 180 16 000 0.0 180
00:22:00 1 -188 29 0 0.45 0.06 -0.04 359 0.652 19.1 53.0 180 15 000 0.0 180
00:22:10 1 -186 33 0 0.51 0.08 -0.08 359 1.041 16.2 53.0 180 17 000 0.0 180
00:22:20 1 -183 33 0 0.51 0.10 -0.12 359 1.365 11.5 75.0 180 19 000 0.0 180
00:22:30 1 ~180 33 o] 0.51 0.11 -0.14 359 1.540 6.7 75.0 180 21 000 0.0 180
00:22:40 1 -178 33 0 0.51 0.11 -0.14 360 1.567 2.0 75.0 180 16 000 0.0 180
00:22:50 1 -175 33 0 0.51 0.10 -0.13 360 1.455 -2.3 75.0 180 18 000 0.0 180
00:;23:00 0 -172 33 0 0.49 0.08 -0.11 000 1.130 -13.4 75.0 180 17 000 0.0 180
00:23;10 0 -170 33 0 0.48 0.04 -0.04 000 0.491 -24.9 75.0 180 15 000 0.0 180
00:23:20 0 ~168 33 0 0.47 0.00 0.03 000 -0.212 -17.2 75.0 180 10 000 0.0 180
00:23:30 1 -165 33 0 0.47 -0.02 0.05 000 ~-0.452 -3.9 75.0 180 17 000 0.0 180
00:23:40 1 -163 33 0 0.45 -0.02 0.06 000 -0.518 -2.0 75.0 180 19 000 0.0 180
00:23:50 1 -160 33 1} 0.43 -0.03 0.08 000 ~0.667 -13.8 75.0 180 23 000 0.0 180
00:24:00 1 -158 33 0 0.41 -0.05 0.12 360 -1.101 -14.3 75.0 180 20 000 0.0 180
00:24:10 1 ~156 33 0 0.40 -0.07 0.15 360 -1.396 -9.4 75.0 180 21 000 0.0 180
00:24:20 1 -154 33 0 0.42 -0.08 0.16 359 -1.53¢ -4.7 75.0 180 20 000 0.0 180
00:24:30 2 -152 33 0 0.42 -0.08 0.16 359 -1.531 ~-0.2 75.0 180 23 000 0.0 180
00:24:40 2 -150 29 0 0.42 -0.07 0.15 359 -1.421 4.0 75.0 180 19 000 0.0 180
00:24:50 2 ~-148 27 [ 0.42 -0.07 0.14 359 -1.286 7.6 75.0 180 20 000 0.0 180
00:25;00 2 -145 27 0 0.39 ~-0.06 0.11 359 -1.111 11.2 75.0 180 19 000 0.0 180
00:25:10 2 ~144 27 0 0.35 -0.05 0.08 358 -0.830 18.4 75.0 180 21 000 0.0 180
00:25:20 2 -142 27 0 0.34 -0.02 0.03 3s8 ~0.302 31.5 51.0 180 18 000 0.0 180
00:25:30 2 ~-140 27 0 0.34 0.01 -0.03 358 0.250 30.1 51.0 180 19 000 0.0 180
00:25:40 2 -138 27 ] 0.32 0.04 -0.08 358 0.753 26.5 51.0 180 18 000 0.0 180
00:25:50 2 -137 27 [} 0.31 0.06 -0.12 359 1.163 22.1 51.0 180 22 000 0.0 180
00:26:00 1 -135 27 0 0.29 0.07 ~0.16 359 1.432 16.8 28.0 180 19 000 0.0 180
00:26:10 1 ~134 27 0 0.29 0.07 -0.17 359 1.541 1.6 28.0 180 18 000 0.0 180
00:26:20 1 -132 27 0 0.29 0.06 -0.15 359 1.329 ~9.9 28.0 180 15 000 0.0 180
00:26:30 1 -131 27 0 0.30 0.04 -0.12 359 1.040 ~12.0 0.0 180 18 000 0.0 180
00:26:40 0 -129 27 0 0.33 0.02 -0.09 360 0.734 -13.3 26.0 180 17 000 0.0 180
0:26:50 0 -127 27 0 0.35 0.00 -0.06 360 0.414 -13.8 26.0 180 18 000 0.0 180
Q:Z'I:OO 0 -125 27 0 0.37 -0.02 -0.03 360 0.102 -13.9 26.0 180 19 000 0.0 180
:27:10 0 -124 27 0 0.36 -0.03 0.00 360 -0.181 -12.4 26.0 180 19 000 0.0 180
00:27:20 0 -122 27 0 0.37 -0.05 0.02 360 -0.429 -11.0 26.0 180 17 000 0.0 180
00:27:30 0 -120 27 0 0.39 -0.06 0.04 360 ~0.625 -8.8 26.0 180 18 000 0.0 180
00:27:40 0 -118 27 0 0.41 -0.07 0.05 359 -0.776 -6.2 26.0 180 17 000 0.0 180
00:27:50 0 =116 27 0 0.38 -0.08 0.06 359 ~0.853 -3.6 51.0 180 18 000 0.0 180
00:28:00 0 -114 27 0 0.39 -0.08 0.06 359 -0.906 -0.7 51.0 180 22 000 0.0 180
00:28:10 0 -112 27 0 0.37 -0.08 0.05 359 -0.802 14.7 51.0 180 22 000 0.0 180
00:28:20 -1 -110 27 0 0.33 -0.05 0.00 359 -0.310 33.7 51.0 180 18 000 0.0 180
00:28:30 -1 ~108 27 0 0.32 -0.01 -0.07 359 0.371 35.0 51.0 180 17 000 0.0 180
00:28:40 -1 -107 27 0 0.31 0.03 -0.13 359 1.024 35.0 51.0 180 17 000 0.0 180
00:28:50 -1 -105 27 0 0.31 0.07 -0.19 359 1.650 35.0 51.0 180 13 000 0.0 180
00:29:00 -2 -103 27 0 0.32 0.10 -0.25 360 2.252 35.0 51.0 180 17 000 0.0 180
00:29:10 -2 -102 27 0 0.31 0.14 -0.31 000 2.813 35.0 51.0 180 20 000 0.0 180
00:29:20 -3 =100 27 0 0.30 0.17 -0.36 001 3.333 31.9 51.0 180 20 000 0.0 180
00:29:30 -3 -99 27 0 0.28 0.20 -0.39 001 3.735 19.1 51.0 180 19 000 0.0 180
00:29:40 -3 -97 27 0 0.21 0.24 -0.40 -'002 4.025 1.8 6.0 180 23 000 0.0 180
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HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY
Simulation Number: 14 Date: 3 February 1999
Start Time: 11:27
Length of run [secs]: 3310

Ship Condition: draft=13.72 m

Environment
Wind Speed [knots]:.....ccoeveeenenenen.n. 20 Direction: 0
Sea State, Significant wave height [m]:.. 3 Direction: 180
Current Speed [knots]:.......c.cocveneninnnn 0 Direction: 0
Ship Operator: J.A. Observer: B.K.J & J.K.

Final Mating, distance between center of buoy and center of moon pool [m]: 2.9
Evaluation:

Deceleration phase went well.

On the final closure the buoy did not center quite as well as desired (about 5 m off). The
captain released the buoy and maneuvered back. In repositioning the ship it was
necessary to maintain heading control within 10 degrees of the up force direction. In
order to do this, it was necessary to use propeller, rudder and thruster. The mating was
tried three times with the final mating with the buoy 2.9 m off center.
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Shiphandling Simulator Exercise date & time: 03-Feb-99
11:27:14
Ship; 591 150,000 ton, Tanker, partial load
Exercise number: 754 Suction Mooring System
cenario: .112 Open Ocean
‘g file: 999 Dummy tug file based on containership
Praffic ships: 590 Suction Mooring Buoy
Initial conditions: 594 150k tanker in partial load - Suction Mooring
Exercise identification: RU.N & IA(

Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current
HH;MM:SS East North Port Sstbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
00;30:00 1 -179 25 0 0.57 0.01 0.01 000 0.032 -23.1 51.0 180 20 000 0.0 180
00;30:10 1 ~-176 25 0 0.57 -0.01 0.05 000 -0.361 -22.3 51.0 180 20 000 0.0 180
00:30:20 1 -173 25 0 0.53 -0.03 0.08 000 -0.706 -19.8 51.0 180 20 000 0.0 180
00:;30:30 1 ~171 25 0 0.49 -0.05 0.11 000 -0.994 -16.2 51.0 180 16 000 0.0 180
00;30;40 1 ~168 25 0 0.48 -0.06 0.13 360 -1,206 -12.3 51.0 180 21 000 0.0 180
00:30:50 2 -166 25 0 0.47 -0.07 0.15 360 -1.344 -8.0 5.0 180 18 000 0.0 180
00;32:00 2 -164 25 0 0.45 -0.07 0.15 359 -1.386 -3.7 51.0° 180 18 000 0.0 180
00:31:10 2 -161 25 0 0.45 -0.07 0.15 358 -1.368 0.2 51.0 180 22 000 0.0 180
00;31:20 2 ~159 25 0 0.45 ~0.06 0.14 359 -1.306 4.0 51.0 180 25 000 0.0 180
00:31:30 2 -157 25 0 0.44 -0.06 0.13 359 -1.175 7.7 51.0 180 16 000 0.0 180
00:31:40 2 -~154 25 0 0.42 -0.05 0.11 359 -0.997 10.7 51.0 180 17 000 0.0 180
00:31:50 2 -152 25 0 0.43 -0.04 0.09 358 -0.794 12.9 51.0 180 15 000 0.0 180
00:32:00 3 ~150 25 0 0.43 -0.02 0.06 358 -0.545 13.9 51.0 180 15 000 0.0 180
00:32:10 3 ~148 25 0 0.45 ~0.02 0.04 358 -0.355 15.0 51.0 180 14 000 0.0 180
00:32:20 2 -145 25 0 0.43 -0.01 0.01 358 -0.137 15.0 51.0 180 19 000 0.0 180
00:32:30 2 -143 25 [} 0.41 0.00 -0.01 358 0.061 14.5 51.0 180 15 000 0.0 180
00:32:40 2 -141 25 0 0.38 0.00 -0.04 358 0.213 14.0 51.0 180 19 000 0.0 180
00:32:50 2 -139 25 0 0.37 0.00 -0.06 358 0.359 12.4 51.0 180 20 000 0.0 180
00:33:00 2 -137 25 0 0.34 0.01 -0.07 358 0.546 10.5 51.0 180 17 000 0.0 180
00:33:10 2 -136 25 0 0.33 0.02 ~-0.08 358 0.659 7.8 51.0 180 13 000 0.0 180
00:33:20 1 -134 25 0 0.34 0.03 -0.10 359 0.804 19.9 S51.0 180 23 000 0.0 180
00:33:30 1 -132 25 0 0.32 0.04 -0.13 359 1.099 19.6 51.0 180 23 000 0.0 180
00:33:40 1 -131 25 0 0.30 0.05 -0.16 359 1.313 14.5 51.0 180 20 000 0.0 180
00:33:50 1 -129 25 0 0.29 0.06 -0.17 359 1.447 10.0 51.0 180 19 000 0.0 180
00:34:00 0 ~128 25 0 0.30 0.06 -0.18 359 1.477 5.5 51.0 180 21 000 0.0 180
00:34:10 0 -126 25 0 0.30 0.06 -0.17 360 1.459% 1.0 51.0 180 19 000 0.0 180
00:34:20 0 -125 25 0 0.31 0.05 -0.17 360 1.364 -2.9 51.0 180 22 000 0.0 180
00:34:30 -1 -123 25 0 0.30 0.04 -0.15 000 1.219 -5.8 51.0 180 20 000 0.0 180

0:34:40 -1 ~-122 25 0 0.29 0.03 -0.13 000 1.032 -9.2 51.0 180 18 000 0.0 180
‘:34:50 -1 -120 25 0 0.27 0.02 -0.11 000 0.823 ~-10.8 36.0 180 21 000 0.0 180
£0:35:00 -1 -119 25 0 0.25 0.00 -0.09 001 0.587 -12.4 36.0 180 23 000 0.0 180
00:35:10 -2 -118 25 0 0.24 -0.01 -0.06 001 0.335 -12.9 36.0 180 17 000 0.0 180
00:35:20 -2 -116 25 0 0.25 ~0.02 -0.04 001 0.108 -12.4 36.0 180 15 000 0.0 180
00:35:30 -2 -115 25 0 0.24 ~-0.03 -0.02 001 -0.095 -11.4 36.0 180 20 000 0.0 180
00:;35:40 -2 -114 25 0 0.23 -0.04 0.00 001 ~-0.290 -9.8 36.0 180 198 000 0.0 180
00:35:50 -2 ~-113 25 0 0.21 -0.05 0.02 001 -0.426 -7.8 36.0 180 15 000 0.0 180
00:36:00 -2 ~112 25 0 0.23 ~0.06 0.03 000 -0.526 -6.3 36.0 180 13 000 0.0 180
00:36:10 -2 ~110 25 0 0.23 -0.06 0.04 000 -0.603 -4.3 26.0 180 14 000 0.0 180
00:36:20 -2 -109 25 0 0.24 -0.06 0.04 000 -0.640 -1.9 26.0 180 18 000 0.0 180
00:36:30 -2 -108 25 0 0.28 -0.05 0.03 000 -0.508 16.1 26.0 180 21 000 0.0 180
00:36:40 -2 =106 25 0 0.30 -0.03 0.00 000 -0.204 16.6 0.0 180 19 000 0.0 180
00:36:50 -2 -105 25 0 0.28 -0.02 -0.03 000 0.077 19.0 0.0 180 20 000 0.0 180
00:37:00 -3 -103 25 0 0.29 0.01 -0.07 000 0.559 35.0 0.0 180 22 000 0.0 180
00:37:10 -3 -102 25 0 0.27 0.05 -0.13 000 1.134 35.0 0.0 180 22 000 0.0 180
00:37:20 -3 -101 25 0 0.27 0.08 -0.18 001 1.687 35.0 0.0 180 14 000 0.0 is0
00:37:30 -3 -99 25 0 0.27 0.12 -0.23 001 2.220 35.0 0.0 180 15 000 0.0 180
00:37:40 -4 ~98 25 0 0.21 0.16 -0.29 001 2.847 35.0 0.0 180 18 000 0.0 180
00:37:50 -4 -97 25 0 0.13 0.22 ~0.33 002 3.483 35.0 0.0 180 23 000 0.0 180
00:38:00 -4 -96 25 0 0.13 0.25 -0.37 002 3.953 35.0 0.0 180 20 000 0.0 180
00:38:10 -4 -96 25 0 0.10 0.28 ~0.41 003 4.368 35.0 50.0 180 20 000 0.0 180
00:38:20 -5 -95 25 0 0.06 0.29 -0.43 004 4.612 35.0 99.0 180 18 000 0.0 180
00:38:30 -5 -95 25 0 0.04 0.32 -0.45 005 4.936 35.0 99.0 180 22 000 0.0 180
00:38:40 -5 -95 v} 0 ~-0.01 0.34 -0.44 006 4.951 16.7 99.0 180 19 000 0.0 180
00:38:50 -6 ~95 o 0 ~-0.06 0.32 -0.43 006 4.730 13.3 99.0 212 18 000 0.0 180
00:39:00 -6 ~95 0 0 ~0.15 0.31 -0.42 007 4.609 32.3 99.0 212 16 000 0.0 180
00:39:10 -6 ~-96 0 0 -0.18 0.32 -0.41 008 4,687 27.2 99.0 244 21 000 0.0 180
00:39:20 -7 ~97 0 0 -0.23 0.31 -0.41 009 4.602 19.7 99.0 266 18 000 0.0 180
00:39:30 -7 ~99 0 0 -0.28 0.30 -0.41 009 4.511 10.4 99.0 266 18 000 0.0 180
00:39:40 -8 -100 0 0 -0.29 0.25 -0.41 010 4.241 -0.9 99.0 266 16 000 0.0 180
00:39:50 -9 -101 33 0 ~0.28 0.24 -0.41 011 4.076 -12.8 99.0 266 22 000 0.0 180
00:40:00 -9 -103 33 o -0.30 0.22 -0.36 011 3.687 -22.5 99.0 214 22 000 0.0 180
00:40:10 -10 ~104 33 0 -0.34 0.19 -0.29 012 3.051 -29.2 99.0 214 22 000 0.0 180
00:40:20 -10 -106 33 o ~0.36 0.14 -0.21 012 2.199 ~33.7 99.0 272 16 000 0.0 180
00:40:30 -11 -108 43 0 -0.32 0.01 -0.09 013 0.637 -33.4 99.0 272 19 000 0.0 180
00:40:40 -12 -109 49 0 -0.23 ~0.11 0.07 013 -1.140 -24.9 99.0 272 19 000 0.0 180
00:40:50 -12 -110 43 0 -0.13 -0.21 0.16 012 -2.403 -6.9 99.0 272 20 000 0.0 180
00:41:00 =12 ~110 30 0 -0.07 -0.27 0.15 012 -2.691 12.1  99.0 272 17 000 0.0 180
:41:10 ~-13 -~111 30 0 ~0.05 -0.20 0.09 012 ~1.842 20.9 99.0 211 19 000 0.0 180
0:41:20 ~13 -111 30 0 -0.08 -0.13 0.05 011 -1.187 9.6 99.0 211 16 000 0.0 180
0:41:30 -13 ~111 30 0 -0.11 -0.10 0.03 011 ~0.851 5.7 99.0 211 18 000 0.0 180
00:41:40 -13 ~112 30 0o -0.15 =-0.10 0.01 011 -0.676 5.3 93.0 211 15 000 0.0 180
00:41:50 -14 -113 30 0 ~0,13 -0.06 -0.01 011 -0.298 3.8 99.0 304 14 000 0.0 180
00:42:00 -14 -113 42 0 -0.06 -0.06 -0.04 011 -0.168 4.3 99.0 304 18 000 0.0 180
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Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current
HH:MlM:SS East North Port Sthd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg

:42:10 ~14 -113 43 0 0.02 -0.05 -0.06 011 0.031 1.6 99.0 304 23 000 0.0 180
Q:az;zo -15 -113 42 0 0.08 -0.05 -0.07 011 0.136 0.1 99.0 239 20 000 0.0 180
:42:30 -15 =112 42 0 0.11 -0.05 -0.08 011 0.191 -0.7 9%.0 239 17 000 0.0 180
00:42:40 -15 -112 42 0 0.13 -0.07 -0.08 011 0.061 -3.4 99.0 238 19 000 0.0 180
00:42:50 ~15 ~111 43 0 0.17 -0.16 ~0.02 011 -0.898 -22.4 99.0 239 18 000 0.0 180
00:43:00 ~16 -110 43 0 0.21 -0.28 0.12 011 -2.538 -35.0 99.0 239 17 000 0.0 180
00:43:10 -16 -109 43 0 0.24 -0.41 0.27 010 -4.328 -35.0 99.0 239 20 000 0.0 180
00:43:20 ~-16 ~107 43 0 0.28 -0.48 0.40 009 -5.599 -35.0 99.0 238 21 000 0.0 180
00:;43:30 ~-16 -106 43 1] 0.29 -0.56 0.53 008 ~-6,914 -35.0 99.0 239 21 000 0.0 180
00:43:40 -16 -104 43 0 0.31 -0.63 0.61 007 -~7.870 -20.7 99.0 239 25 000 0.0 180
00:43:50 -15 ~-103 42 0 0.35 -0.57 0.62 006 ~7.509 -1.7 99.0 116 22 000 0.0 180
00;44:00 -15 -101 42 [¢} 0.39 ~0.43 0.54 004 -6.180 17.3 99.0 146 19 000 0.0 180
00:44:10 -15 -99 25 o] 0.34 -0.34 0.45 004 -5.053 35.0 99.0 146 20 000 0.0 180
00:;44:20 -14 -97 25 0 0.30 -0.25 0.38 003 -3.958 35.0 99.0 167 22 000 0.0 180
00:44:30 ~14 -96 25 0 0.25 -0.15 0.31 002 -2.945 35.0 99.0 145 15 000 0.0 180
00:44:40 -13 -95 25 0 0.18 -0.08 0.26 002 -2.142 19.3 99.0 145 16 000 0.0 180
00;44;50 -13 -94 25 0 0.12 -0.03 0.24 001 -1.739 0.3 99.0 145 16 000 0.0 180
00:45:00 -12 -93 25 0 0.09 -0.01 0.26 001 -1.687 ~18.7 99.0 145 15 000 0.0 180
00:45:10 -11 -93 25 o] 0.06 -0.01 0.30 001 -1.936 -35.0 99.0 145 15 000 0.0 180
00;45:;20 ~-11 -93 25 0 0.02 -0.01 0.35 001 -2.254 -30.8 99.0 145 22 000 0.0 180
00:45:30 -10 -93 40 0 0.01 -0.01 0.41 000 -2.686 -22.9 99.0 145 18 000 0.0 180
00:45;40 -9 -93 42 0 0.02 -0.02 0.47 360 -3.112 -13.5 99.0 145 18 000 0.0 180
00:45:50 =7 -93 41 ¢} 0.03 0.00 0.48 359 -3.097 -5.6 99.0 145 17 000 0.0 180
00:46:00 -6 ~92 42 0 0.07 0.04 0.45 359 -2.619 9.9 99.0 145 17 000 0.0 180
00:46:10 ~5 -92 42 0 0.08 0.10 0.40 358 -1.907 3.7 99.0 145 13 000 0.0 180
00:46:20 -4 -91 29 0 0.09 0.14 0.37 358 -1.447 6.4 99.0 145 21 000 0.0 180
00:46:30 -2 -91 26 0 0.07 0.17 0.35 358 -1.143 S.1 99.0 145 20 000 0.0 180
00:46:40 -1 -91 26 0 0.01 0.19 0.32 358 -0.839 10.6 99.0 145 20 000 0.0 180
00:46:50 0 -91 0 0 -0.06 0.22 0.31 358 -0.584 11.5 99.0 145 21 000 0.0 180
00:47:00 2 -91 0 0 -0.14 0.23 0.32 357 -0.550 12.8 99.0 145 23 000 0.0 180
00:47:10 3 -92 0 0 -0.20 0.25 0.32 357 -0.472 13.9 99.0 178 16 coo 0.0 180
00:47:20 5 ~-93 0 0 -0.29 0.25 0.31 357 -0.388 14.6 99.0 178 20 000 0.0 180
00:47:30 6 -95 0 0 -0.36 0.24 0.30 357 -0.397 15.7 99.0 217 22 (]3]0} 0.0 180
00:47:40 8 -97 s} 4] ~0.42 0.21 0.29 357 -0.491 16.9 99.0 217 21 000 0.0 180
00:47:50 9 -99 o (¢} -0.41 0.16 0.27 357 -0.673 19.1 99.0 327 18 000 0.0 180
00;48:00 10 -101 0 o] ~-0.40 0.13 0.26 357 ~-0.782 21.8 99.0 327 22 000 0.0 180
00:48:10 11 -103 0 0 ~0.35 0.10 0.24 357 -0.894 25.2 99.0 027 16 000 0.0 180
00:48:20 12 -105 0 0 -0.39 0.14 0.25 357 -0.708 26.7 99.0 145 17 000 0.0 180
:48:30 13 -107 0 0 -0.43 0.15 0.25 357 -0.636 28.5 99.0 065 18 000 0.0 180
QMBMO 15 -109 0 0 -0.40 0.12 0.24 356 -0.788 30.8 99.0 304 18 000 0.0 180
:48:50 16 -111 0 0 -0.41 0.06 0.22 356 -1.063 34.4 99.0 304 16 000 0.0 180
00:49:00 16 -113 0 0 -0.42 0.00 0.21 356 -1.30% 35.0 99.0 304 22 000 0.0 180
00:49;10 17 -115 29 0 -0.39 -0.04 0.15 356 -1.192 30.7 99.0 304 19 000 0.0 180
00:49:20 17 -117 24 ] ~-0.37 -0.07 0.10 356 -1.048 11.7 99.0 304 16 000 0.0 180
00:49:30 17 ~-119 0 0 -0.36 -0.09 0.08 355 -1.093 -7.3 99.0 304 19 000 0.0 180
00:49:40 17 -120 30 o] -0.31 -0.17 0.10 355 -1.707 -26.3 99.0 304 23 000 0.0 180
00:;49:50 17 -122 25 [+] -0.26 -0.27 0.16 355 -2.782 -35.0 99.0 304 19 000 0.0 180
00:50:00 17 -123 25 o -0.24 -0.35 0.22 354 -3.603 -34.5 99.0 304 17 000 0.0 180
00:50:10 17 -124 (¢ (¢} -0.22 -0.41 0.22 354 -4.022 ~-15.5 99.0 358 16 000 0.0 180
00:50:20 16 -125 32 0 ~0.14 ~0.44 0.23 353 -4.215 3.5 99.0 358 15 000 0.0 180
00:50:30 16 -126 32 0 -0.04 -0.42 0.20 352 -3.958 22.5 99.0 358 18 000 0.0 180
00:50:40 15 -126 32 0 0.04 ~-0.40 0.12 352 -3.301 26.3 99.0 358 20 000 0.0 180
00:50:50 14 -126 36 0 0.14 -0.36 0.03 351 -2.47% 35.0 99.0 358 19 000 0.0 180
00:;51:00 13 -125 42 0 0.23 -0.33 -0.10 351 -1.414 35.0 99.0 358 20 000 0.0 180
00:51;10 12 -124 41 0 0.32 -0.30 -0.25 351 -0.314 35.0 99.0 358 23 000 0.0 180
00:;51;20 10 -122 33 0 0.37 -0.22 -0.39 351 1.092 35.0 99.0 096 17 000 0.0 180
00:;51;30 8 =120 25 0 0.36 ~-0.16 -0.42 351 1.680 35.0 99.0 0386 13 000 0.0 180
00:51:40 7 -119 25 0 0.35 -0.09 -0.45 351 2.287 35.0 99.0 096 14 000 0.0 180
00:51;50 5 ~117 25 0 0.36 -0.04 -0.48 352 2,771 35.0 99.0 096 19 000 0.0 180
00:52:00 3 -116 27 0 0.33 0.02 -0.51 352 3.351 35.0 99.0 145 19 000 0.0 180
00:52:10 2 -114 27 0 0.27 0.07 -0.54 353 3.881 35.0 99.0 145 20 000 0.0 180
00:52:20 1 -113 27 0 0.25 0.09 ~0.57 354 4.159 35.0 99.0 145 18 000 0.0 180
00:52:30 -1 -112 27 0 0.19 0.13 -0.59 354 4.535 35.0 99.0 145 22 000 0.0 180
00:52;40 -2 ~-111 27 0 0.16 0.18 -0.61 355 4.971 35.0 99.0 145 22 000 0.0 180
00:52:;50 -3 ~110 27 0 0.14 0.22 -0.62 356 5.327 35.0 99.0 089 22 000 0.0 180
00:53:00 -4 -110 27 0 0.17 0.26 -0.62 357 5.573 35.0 76.0 089 17 000 0.0 180
00:53:10 -5 -109 27 0 0.17 0.29 -0.63 358 5.861 35.0 76.0 089 21 000 0.0 180
00:53:20 -6 -108 27 0 0.16 0.32 -0.64 359 6.068 35.0 76.0 089 21 000 0.0 180
00:;53:30 -7 -107 27 0 0.16 0.36 -0.64 360 6.324 35.0 76.0 089 20 000 0.0 180
00:53:40 -7 ~-106 27 0 0.17 0.39 -0.64 001 6.580 35.0 76.0 066 15 000 0.0 180
00:53:50 -8 ~105 27 0 0.18 0.43 -0.65 002 6.824 35.0 52.0 066 18 000 0.0 180
00:54:00 -8 ~105 27 (4] 0.19 0.45 ~0.66 003 7.006 34.5 52.0 066 20 000 0.0 180
00:54:10 -9 ~103 27 0 0.19 0.46 -0.64 004 7.012 15.5 52.0 036 22 000 0.0 180
00:54:20 -9 -102 27 0 0.19 0.45 -0.60 006 6.650 -3.5 52.0 272 15 000 0.0 180
00:54:30 -10 -101 27 0 0.21 0.42 -0.55 007 6.129 -7.5 52.0 272 15 000 0.0 180
00:54:40 -10 -100 27 0 0.20 0.37 -0.50 008 5.504 -7.0 52.0 272 16 000 0.0 180
00:54:50 -10 -99 27 0 0.22 0.32 -0.45 008 4.911 -7.0 52.0 272 19 000 0.0 180
.:55:00 -10 -98 27 (] 0.27 0.31 -0.42 009 4.609 -7.0 52.0 272 15 000 0.0 180
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Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Start Time [hrs:min:sec}: 00:30:00
End Time [hrs:min:sec]: 00:55:10
Delta Plot Time [sec]: 30
East-West Scale [m]: 926.

Date: 03-Feb-99 Time: 11:27:14 East-West Scale [Nm]: 0.5000




HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY
Simulation Number: 15 Date: 3 February 1999
Start Time: 13:31
Length of run [secs]: 3238

Ship Condition: draft =13.72m

Environment
Wind Speed [knots]:.......couvnerninennen. 20 Direction: 45
Sea State, Significant wave height [m]:.. 3 Direction: 225
Current Speed [knots]:.......cevvinennnnnn. 1 Direction: 180
Ship Operator: J.A. Observer: B.K.J & J.K.

Final Mating, distance between center of buoy and center of moon pool [m]: 3.1
Evaluation:

After maneuvering near the approach course the captain turned left to parallel the bow
close to the course line (bow was tracking the line). The captain slowed down to
experiment with the equilibrium heading for near zero speed — approximately 36 degrees.
Then he speeded up a little to approach the buoy and altered the heading to the left for
increased speed, and then decelerated again and altered heading to come close to
equilibrium. At the final closure to the buoy he altered heading to the left to increase
wind and wave forces on the starboard side to offset the current on the port side. The
captain performed a sideways closure from port to center.

-
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Shiphandling Simulator Exercise date & time: 03-Feb-99
13:31:11
Ship: 591 150,000 ton, Tanker, partial load
Exercise number: 754 Suction Mooring System
cenario: .112 Open Ocean
‘lg file: 999 Dummy tug file based on containership
raffic ships: 590 Suction Mooring Buoy
Initial conditions: 594 150k tanker in partial load ~ Suction Mooring
Exercise identification: Rup & 7~
Time Position (m) RPM Speed (Knots) Turn Rudder Gill wind Current
HH:MM:SS  East North Port Sthd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
00:26;40 =31 ~309 51 0 0.42 -0.15 0.41 031 -3.559 35.0 100.0 180 17 045 1.0 180
00:26:50 =29 -308 45 0 0.42 -0.05 0.20 031 -1.617 35.0 100.0 180 18 045 1.0 180
00;27:00 -28 -306 45 [ 0.43 0.01 0.02 031 -0.010 35.0 100.0 180 19 045 1.0 180
00:27:10 -27 ~304 39 [V} 0.40 0.12 -0.15 031 1.713 35.0 100.0 180 19 045 1.0 180
00:27:20 ~-26 -302 30 0 0.36 0.10 -0.23 031 2.091 35.0 100.0 180 17 045 1.0 180
00;27:30 =25 -301 30 0 0.32 0.12 -0.29 032 2.568 34.7 100.0 180 18 045 1.0 180
00:27:40 -25 -299 30 0 0.28 0.11 -0.33 032 2.797 25.1 100.0 180 17 045 1.0 180
00:27:50 ~25 -298 30 0 0.21 0.15 -0.35 033 3.125 11.3 100.0 180 18 045 1.0 180
00:28:00 -25 -296 30 0 0.18 0.09 -0.33 033 2.633 3.6 100.0 180 22 045 1.0 180
00:28:10 =25 -295 30 0 0.12 0.03 -0.30 033 2.102 -3.2 100.0 180 22 045 1.0 180
00:28:20 -25 ~295 30 0 0.04 0.02 ~-0.26 034 1.720 -10.7 100.0 180 18 045 1.0 180
00:28:30 -25 -294 30 0 0.00 0.00 -0.20 034 1.222 -14.1 100.0 180 17 045 1.0 180
00:28:40 -26 -294 30 0 ~0.04 -0.01 -0.14 034 0.800 -13.2 100.0 180 17 045 1.0 180
00:28:50 -26 -294 30 0 ~0.07 -0.02 -0.09 034 0.469 -10.1 100.0 180 13 045 1.0 180
00:;29:00 =27 -295 30 0 -0.10 -0.02 -0.05 034 0.189 -7.3 100.0 180 17 045 1.0 180
00:29:10 -27 ~295 35 0 -0.14 -0.06 -0.02 034 -0.242 -3.2 100.0 180 20 045 1.0 180
00:29:20 -28 ~295 38 1] -0.15 -0.07 0.01 034 -0.454 -0.5 100.0 180 20 045 1.0 180
00:29:30 -28 -296 38 0 -~0.16 -0.12 0.02 034 -0.881 4.0 100.0 180 19 045 1.0 180
00:29:40 -29 -297 38 1} -0.17 ~0.12 0.01 034 -0.838 6.3 100.0 180 23 045 1.0 180
00:29:50 -30 -297 37 0 -0.16 -0.10 0.01 034 -0.661 7.3 51.0 180 19 045 1.0 180
00:30:00 -30 ~298 38 0 ~0.13 -0.12 -0.01 034 -0.692 5.1 51.0 186 20 045 1.0 180
00:30:10 -31 -298 38 0 -0.10 -0.18 0.03 034 -1.332 -13.9 51.0 180 20 045 1.0 180
00:;30:20 -32 -298 38 0 -0.09 -0.23 0.08 033 -1.970 -3.8 51.0 180 20 045 1.0 180
00:30:30 -32 ~298 38 0 -0.10 -0.24 0.09 033 -2.089 2.8 51.0 180 16 045 1.0 180
00:30:40 -33 ~298 37 0 -0.06 -0.24 0.08 033 -2.017 1.0 51.0 180 21 045 1.0 180
00:30:50 -33 -298 38 0 -0.04 -0.26 0.11 032 ~-2.381 -7.5 51.0 180 18 045 1.0 180
00:31:00 -34 -298 48 0 -0.01 -0.20 0.10 032 -1.915 10.4 51.0 180 18 045 1.0 180
00:31;:10 ~34 -298 48 0 0.07 -0.18 0.08 032 -1.661 ~-4.8 51.0 180 22 045 1.0 180
0:31:20 =34 -297 55 0 0.15 ~-0.24 0.13 031 ~-2.377 -5.5 51.0 180 25 045 1.0 180
‘):31:30 -33 ~296 60 0 0.27 -0.28 0.18 031 -2.886 -1.9 51.0 180 16 045 1.0 180
J0:31:40 -33 -295 61 0 0.39 -0.28 0.18 030 -2.951 2.7 51.0 180 17 045 1.0 180
00:31:50 -32 -293 61 0 0.54 -0.26 0.13 030 -2.495 7.8 51.0 180 15 045 1.0 180
00:32:00 -31 -290 61 [} 0.67 -0.18 0.04 030 -1.402 10.9 51.0 180 15 045 1.0 180
00:32:10 -29 -286 61 [} 0.83 -0.18 ~-0.06 029 -0.716 12.8 51.0 180 14 045 1.0 180
00:32:20 ~28 ~282 61 0 0.90 -0.13 -0.17 029 0.262 12.1 98.0 180 19 045 1.0 180
00:32:30 ~26 -277 62 0 0.98 -0.11 -0.25 029 0.904 9.6 98.0 180 15 045 1.0 180
00:32:40 ~24 -272 34 0 1.00 -0.14 -0.28 030 0.882 6.4 98.0 180 19 045 1.0 180
00:32:50 ~23 -267 29 0 0.94 -0.17 -0.29 030 0.770 4.1 98.0 180 20 045 1.0 180
00:33:00 =21 -263 29 0 0.88 ~-0.10 -0.29 030 1.185 0.7 98.0 180 17 045 1.0 180
00:33:10 -20 -258 29 0 0.82 ~0.09 -0.28 030 1.204 -2.8 98.0 180 13 045 1.0 180
00:33:20 ~19 ~254 25 0 0.79 -0.09 ~0.26 030 1.047 -6.0 98.0 180 23 045 1.0 180
00:;33:30 ~18 -250 25 0 0.72 -0.11 -0.24 030 0.811 -8.6 98.0 180 23 045 1.0 180
00:33:40 ~17 ~247 25 0 0.65 -0.12 -0.21 031 0.561 -10.6 98.0 180 20 045 1.0 180
00:33:50 -16 -244 25 0 0.60 -0.12 -0.18 031 0.426 -15.4 98.0 180 19 045 1.0 180
00:34:00 -15 ~241 25 0 0.55 -0.19 -0.13 031 -0.407 -34.4 98.0 180 21 045 1.0 180
00:34:10 -14 -238 25 1} 0.50 -0.13 -0.06 031 ~0.782 -35.0 98.0 180 19 045 1.0 180
00:34:20 -13 =236 25 0 0.46 -0.25 0.00 030 -1.575 -35.0 98.0 180 22 045 1.0 180
00:34:30 -13 ~233 25 0 0.41 -0.31 0.06 030 -2.373 -29.7 98.0 180 20 045 1.0 180
00:34:40 -12 ~231 25 0 0.35 -0.38 0.10 030 -3.046 ~18.6 98.0 180 18 045 1.0 180
00:34:50 -12 -230 25 [} 0.29 -0.46 0.12 029 ~3.684 -16.1 98.0 180 21 045 1.0 180
00:35:00 ~13 -228 25 0 0.21 -0.50 0.14 028 -4.087 -25.1 98.0 180 23 045 1.0 180
00:35:10 =13 -227 25 1] 0.16 -0.46 0.15 028 -3.897 -9.7 98.0 180 17 045 1.0 180
00:35:20 -~13 ~226 25 0 0.12 -0.48 0.14 027 -3.882 3.7 98.0 180 15 045 1.0 180
00:35:30 -14 -225 25 0 0.07 ~-0.47 0.10 026 -3.638 14.6 98.0 180 20 045 1.0 180
00:35:40 =15 -224 25 0 0.01 ~-0.40 0.06 026 ~2.923 3.9 98.0 180 19 045 1.0 180
00:35:50 ~15 ~224 25 0 -0.05 -0.43 0.06 025 -3.127 -4.9 98.0 180 1S 045 1.0 180
00:36:00 -17 -224 25 4] -0.08 -0.47 0.06 025 ~3.364 3.1 98.0 180 13 045 1.0 180
00:36:10 -18 -224 33 0 -0.12 -0.42 0.03 024 -2.892 9.8 98.0 180 14 045 1.0 180
00:36:20 -19 -224 46 o -0.12 -0.38 -0.02 024 -2.261 14.3 98.0 180 16 045 1.0 180
00:36:30 -20 -224 57 0 -0.05 -0.31 -0.12 024 -1.229 14.6 98.0 180 21 045 1.0 180
00:36:40 =21 -224 60 0 0.05 -0.35 -0.24 023 -0.733 14.3 98.0 180 19 045 1.0 180
00:36:50 -23 -223 61 0 0.12 -0.33 -0.33 023 -0.030 11.9 98.0 180 20 045 1.0 180
00:37:00 -24 -221 61 V] 0.21 -0.36 -0.41 023 0.300 11.0 98.0 180 22 045 1.0 180
00:37:10 -25 -219 61 0 0.28 ~0.39 -0.47 023 0.501 9.5 98.0 180 22 045 1.0 180
00:37:20 ~27 =217 61 0 0.37 ~0.37 -0.50 024 0.820 6.7 98.0 180 14 045 1.0 180
00:37:30 ~28 -214 61 0 0.45 ~-0.39 -0.45 024 0.347 -10.4 98.0 180 15 045 1.0 180
00;37:40 ~29 -211 61 0 0.52 -0.53 -0.21 024 ~2.063 -23.9 98.0 180 18 045 1.0 180
$37:50 ~29 -207 61 0 0.60 -0.62 -0.02 023 ~3.863 -11.9 98.0 180 23 045 1.0 180
:38:00 -30 ~204 28 0 0.63 -0.70 0.02 022 -4.521 1.7 98.0 180 20 045 1.0 180
00:38:10 ~-30 -~200 26 0 0.57 ~0.69 -0.03 022 ~4.179 16.5 98.0 180 20 045 1.0 180
00:38:20 -31 -197 26 0 0.51 -0.54 -0.10 021 ~2.746 35.0 98.0 180 18 045 1.0 180
00:38:30 -31 -194 26 0 0.48 -0.50 -0.19 021 -1,991 35.0 98.0 180 22 045 1.0 180
00:38:40 ~32 -191 26 L] 0.44 -0.46 -0.27 020 -1.249 35.0 98.0 180 19 045 1.0 180
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Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current
HH:MM:SS East North Port Stbhd Long Bow Stern Heading Deg/Min Deg £ Deg Knots Deg Knots Deg
0:38:50 -33 ~189 26 0 0.40 -0.44 -0.34 020 -0.627 35.0 98.0 180 18 045 1.0 180
Ql:39:00 -35 -186 26 0 0.33 -0.43 ~-0.41 020 -0.125 35.0 98.0 180 16 045 1.0 180
0:;39:10 -36 -184 26 0 0.29 -0.52 -0.48 020 ~-0.203 35.0 98.0 180 21 045 1.0 180
00:39:20 -38 -182 39 0 0.24 -0.50 -0.58 020 0.521 35.0 98.0 180 18 045 1.0 180
00:39:30 -41 -179 53 0 0.23 -0.43 -0.76 020 2.109 35.0 98.0 180 18 045 1.0 180
00:39:40 -43 -177 58 0 0.26 -0.26 -0.96 021 4.498 35.0 98.0 180 16 04s 1.0 180
00:39:50 -46 =175 60 0 0.30 -0.13 -1.18 022 6.658 35.0 98.0 180 22 045 1.0 180
00:40:00 -48 =172 61 0 0.33 -0.02 -1.37 023 8.610 35.0 98.0 180 22 045 1.0 180
00:40:10 -51 ~-169 61 0 0.36 0.10 -1.52 025 10.307 35.0 98.0 180 22 045 1.0 180
00:40:20 -53 -166 47 0 0.34 0.19 -1.58 026 11.220 35.0 98.0 180 16 045 1.0 180
00:40:30 -56 =162 45 0 0.31 0.26 -1.53 028 11.338 22.6 98.0 180 19 045 1.0 180
00:40:40 ~-58 -160 45 0 0.30 0.25 -1.43 030 10.687 29.7 98.0 180 19 045 1.0 180
00:40:50 ~59 ~-157 45 0 0.28 0.32 -1.41 032 11.001 35.60 98.0 180 20 045 1.0 180
00:41:00 -61 ~154 45 o 0.25 0.40 -1.37 034 11.206 24.5 98.0 180 17 045 1.0 180
00:41:10 -62 -152 45 ] 0.27 0.33 -1.23 036 9.898 5.5 98.0 180 19 045 1.0 180
00:41:20 -63 -149 44 o 0.25 0.23 -1.02 037 7.968 -13.5 98.0 180 16 045 1.0 180
00:41:30 ~64 -147 44 0 0.24 0.11 ~0.76 038 5.508 -32.5 98.0 180 18 045 1.0 180
00:41:40 ~64 -145 45 0 0.22 -0.02 -0.47 039 2.885 -35.0 98.0 180 15 045 1.0 180
00:41:50 -64 -144 45 0 0.24 -0.15 -0.22 039 0.465 -35.0 98.0 180 14 045 1.0 180
00:42:;00 -64 -142 45 0 0.23 -0.25 0.00 039 -1.558 -35.0 98.0 180 18 045 1.0 180
00:42:10 -64 =141 45 0 0.21 -0.34 0.20 039 ~3.436 -31.2 98.0 180 23 045 1.0 180
00:;42:20 -63 -140 45 0 0.21 -0.39 0.31 038 -4.481 -12.2 98.0 180 20 045 1.0 180
00:42:30 -63 ~139 44 4] 0.21 -0.39 0.32 037 -4.,510 2.2 98.0 180 17 045 1.0 180
00:42:40 -62 -138 44 0 0.20 -0.33 0.27 037 -3.782 11.9 98.0 180 19 045 1.0 180
00:42:50 -62 -137 45 0 0.22 -0.23 0.19 036 -2.686 13.8 98.0 180 18 045 1.0 180
00:43:00 -61 -136 45 0 0.24 -0.16 0.12 036 -1,743 14.7 98.0 180 17 045 1.0 180
00:43:10 -60 -135 45 0 0.26 -0.09 0.05 035 -0.888 14.2 98.0 180 20 045 1.0 180
00:43:20 -60 -134 45 0 0.29 -0.08 0.00 035 -0.496 14.4 98.0 180 21 045 1.0 180
00:43:30 -59 -132 45 0 0.28 -0.06 ~0.06 035 0.005 13.0 98.0 180 21 045 1.0 180
00:43:40 -58 ~131 45 0 0.29 -0.02 -0.10 035 0.481 10.5 98.0 180 25" 045 1.0 180
00:43:50 -58 -130 38 0 0.30 -0.03 -0.12 035 0.582 8.5 98.0 180 22 045 1.0 180
00:44:00 -57 -128 38 0 0.29 -0.03 -0.13 036 0.629 6.6 38.0 180 19 045 1.0 180
00:44:10 -57 -127 38 0 0.26 0.00 -0.14 036 0.863 3.0 98.0 180 20 04s 1.0 180
00:44:20 ~-56 ~126 38 0 0.25 -0.03 -0.12 036 0.582 1.2 98.0 180 22 045 1.0 180
00:44:30 -56 -124 38 /] 0.22 -0.05 -0.11 036 0.342 1.1 98.0 180 15 04S 1.0 180
00:44:40 -56 -123 38 4] 0.19 -0.06 ~-0.09 036 0.180 1.1 98.0 180 16 04s 1.0 180
00:;44:50 -55 -122 45 0 0.16 -0.05 -0.08 036 0.157 0.6 98.0 180 16 045 1.0 180
00:45;00 -55 -121 50 0 0.19 -0.03 -0.05 036 0.141 0.3 98.0 180 15 045 1.0 180
0:45:10 -55 -120 53 0 0.26 -0.02 -0.03 036 0.041 0.9 98.0 180 15 045 1.0 180
QJ:dSﬂO -54 -119 38 0 0.28 -0.02 ~-0.01 036 -0.052 1.3 98.0 180 22 045 1.0 180
0:45:30 -53 ~118 36 0 0.27 -0.02 0.00 036 -0.127 1.7 98.0 180 18 045 1.0 180
00:45:40 -52 -~117 36 0 0.25 -0.03 0.01 036 -0.276 3.0 98.0 180 18 045 1.0 180
00:45:50 -52 ~-116 29 0 0.21 -0.04 0.02 036 -0.359 4.8 98.0 180 17 045 1.0 180
00:46:00 -51 ~-115 29 0 0.20 -0.05 0.01 036 -0.342 6.0 98.0 180 17 045 1.0 180
00:46:10 -51 ~114 29 4] 0.14 -0.02 0.00 036 -0.143 5.7 98.0 180 13 045 1.0 180
00:46:20 -50 ~114 29 0 0.12 -0.01 -0.01 036 -0.041 5.5 98.0 180 21 045 1.0 180
00:46:30 =50 -113 29 V] 0.09 -0.04 -0.01 036 ~0.186 7.4 98.0 180 20 045 1.0 180
00:46:40 -50 -113 29 0 0.03 -0.08 0.01 036 -0.570 -11.0 98.0 180 20 045 1.0 180
00:46:50 -50 -113 29 o] -0.05 ~0.08 0.04 036 -0.711 -11.5 98.0 180 21 045 1.0 180
00:47:00 -50 =113 29 0 -0.09 -0.13 0.07 035 -1.254 -9.6 98.0 180 23 045 1.0 180
00:47:10 -51 ~-113 29 0 -0.13 -0.14 0.10 035 -1.495 -7.5 98.0 180 16 045 1.0 180
00:47:20 -51 ~114 41 0 -0.17 -0.11 0.12 035 ~1.470 -6.0 98.0 180 20 045 1.0 180
00:47:30 -52 -115 55 0 -0.13 ~0.12 0.15 035 -1.704 3.3 98.0 180 22 045 1.0 180
00:47:40 -52 -115 60 0 -0.04 -0.07 0.08 034 ~0.947 16.3 98.0 180 21 045 1.0 180
00:47:50 -52 -115 61 0 0.04 0.00 -0.07 034 0.434 12.4 98.0 180 18 045 1.0 180
00:48:00 -52 -115 64 0 0.14 -0.01 -0.05 034 0.305 -6.6 98.0 180 22 045 1.0 180
00:48:10 -51 -114 62 0 0.25 -0.07 0.05 034 -0.770 -3.7 98.0 180 16 045 1.0 180
00:48:20 -51 -112 62 0 0.36 -0.09 0.10 034 -1.204 -1.0 98.0 180 17 045 1.0 180
00:48:30 -49 -111 62 o 0.47 -0.18 0.21 034 -2.525 -11.1 98.0 180 18 045 1.0 180
00:48:40 ~48 -109 62 0 0.57 -0.23 0.28 033 -3.254 -1.7 98.0 180 18 045 1.0 180
00:48:50 -46 -106 62 0 0.65 -0.24 0.25 033 -3.108 7.3 98.0 180 16 045 1.0 180
00:49:00 ~44 ~103 54 0 0.72 -0.19 0.14 032 -2.110 13.1 98.0 180 22 045 1.0 180
00:49:10 -42 -100 25 0 0.69 -0.19 0.08 032 -1.757 18.2 98.0 180 19 045 1.0 180
00:49:20 -41 -97 ~25 1] 0.59 ~0.17 0.06 032 ~1.442 23.2 98.0 180 16 045 1.0 180
00:49:30 -40 -94 50 0 0.46 -0.10 0.04 032 -0.854 25.8 98.0 180 19 045 1.0 180
00:49:40 -39 -93 =35 0 0.32 -0.11 0.04 032 -0.937 29.3 98.0 180 23 045 1.0 180
00:49:50 -38 -91 26 0 0.23 -0.13 0.02 031 -0.938 34.0 98.0 180 19 045 1.0 180
00:50;00 -38 -90 29 0 0.17 -0.05 -0.05 031 -0.010 30.5 98.0 180 17 045 1.0 180
00:50:10 -38 -89 26 0 0.12 -0.04 ~-0.10 031 0.383 26.6 98.0 180 16 045 1.0 180
00:50:20 ~-38 -89 25 0 0.08 -0.03 ~0.14 031 0.693 21.1 98.0 180 15 045 1.0 180
00:50:30 -38 -88 0 0 0.03 -0.01 -0.16 032 0.955 13.4 98.0 180 18 045 1.0 180
00:50:40 -38 -88 0 0 -~0.04 -0.01 -0.17 032 0.965 11.5 98.0 180 20 045 1.0 180
00:50:50 -39 -88 29 0 -0.09 -0.02 -0.17 032 0.962 11.3 98.0 180 19 045 1.0 180
00:51:00 -40 -88 29 4] ~0.13 -0.06 ~0.17 032 0.655 0.6 98.0 180 20 045 1.0 180
00:51:10 -41 ~89 39 0 -0.17 -0.17 -0.11 032 ~0.369 -18.4 83.0 180 23 045 1.0 180
00:51:20 -42 -89 42 0 -0.16 -0.26 0.03 032 -1.854 -23.2 47.0 180 17 045 1.0 180
00:51:30 -43 -89 45 0 -0.12 -0.32 0.11 031 -2.717 ~-7.1 47.0 180 13 045 1.0 180
:51:40 -43 -89 45 0o -0.06 -0.30 0.11 031 ~2.637 8.6 27.0 180 14 045 1.0 180
:51;50 -44 -89 45 0 0.02 -0.28 0.06 031 -2,109 10.8 27.0 180 19 045 1.0 180
00:52:00 -44 -89 45 0 0.06 -0.24 0.01 030 -1.562 8.4 27.0 180 19 045 1.0 180
00:52:10 -44 -88 44 0 0.11 -0.20 -0.02 030 ~1.104 6.3 27.0 180 20 045 1.0 180
00:52:20 -45 -87 28 0 0.16 ~0.23 -0.04 030 ~1.178 7.7 27.0 180 18 045 1.0 180
00:52:30 -45 -86 28 0 0.14 -0.21 ~-0.06 030 -0.922 10.1 74.0 180 22 045 1.0 180
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Time Position (m) Speed (Knots) Turn Rudder Wind Current
HH;MM:SS East North Stern Heading Deg/Min Deg % Deg Deg Knots Deg

:52:40 -45 -85 0 -0. 030 ~0.441 9.9 100.0 180 045 1.0 180
q:52:50 -45 -85 0 ~-0. 030 -0.163 8.7 100.0 180 045 1.0 180
:53:00 -46 -84 0 ~-0. 03¢0 -0.481 12.0 100. 180 045 1.0 180
00:53:10 ~-47 -84 0 -0. 029 -0.336 11.8 100 180 045 1.0 180
00:53:20 -48 -84 0 -0. 029 -0.854 14.7 100 180 045 1.0 180
00:53:30 -50 -85 0 ~-0. 029 -1.066 17.0 100 180 045 1.0 180
00:53:40 -52 -86 0 -0. 029 -1.221 20.2 100 180 045 1.0 180
00:53:50 -54 -88 0 -0.13 029 -1.402 24.6 100.0 180 045 1.0 180
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Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Start Time [hrs:min:sec]: 00:26:40
End Time [hrs:min:sec]: 00:53:58

Delta Plot Time [sec]:

.o a1 East-West Scale [m]:
Date: 03-Feb-99 Time: 13:31:11 East-West Scale [Nm]:

30
926.
0.5000
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HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY
Simulation Number: 16 Date: 3 February 1999
Start Time: 14:36
Length of run [secs]: 2940

Ship Condition: draft=13.72m

Environment
Wind Speed [knots]:.......c.coeuvenenianen. 20  Direction: 45
Sea State, Significant wave height [m]:.. 3 Direction: 225
Current Speed [knots]:.....ceeevneninennen.. 1 Direction: 180
Ship Operator: J.A. Observer: B.K.J & J.K.

Final Mating, distance between center of buoy and center of moon pool [m]: 0.4
Evaluation:
The final mating was nearly perfect.

It was easier to find the equilibrium because of the experience with the previous exercise,
run # 15.
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Shiphandling Simulator Exercise date & time: 03-Feb-99
14:36:21
Ship; 591 150,000 ton, Tanker, partial load
Exercise number: 754 Suction Mooring System
cenario: 112 Open Ocean
‘g file: 999 Dpummy tug file based on containership
-affic ships: 590 Suction Mooring Buoy
Initial conditions: 594 150k tanker in partial load - Suction Mooring
Exercise identification: R.ILN & lb
Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current
HH:MM:SS  East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
00:23:20 -90 -453 40 0 1.30 -0.02 -0.72 034 4.458 -19.0 27.0 i80 10 045 1.0 180
00:23:30 -88 -447 40 o] 1.32 -0.08 -0.55 034 2.977 -29.0 27.0 180 17 045 1.0 180
00:23:40 ~B85 -440 40 0 1.32 -0.19 -0.36 035 1,093 -35.0 27.0 180 19 045 1.0 180
00:23:50 -82 -434 40 0 1.32 -0.26 -0.18 035 -0.499 -35.0 27.0 180 23 045 1.0 180
00:24:00 -79 -428 40 0 1.31 -0.31 -0.02 035 -1.799 -35.0 50.0 180 20 045 1.0 180
00:24:10 ~76 -422 35 0 1.32 -0.35 0.12 034 ~2.977 -35.0 50.0 180 21 045 1.0 180
00:24:20 ~72 -416 25 0 1.31  -0.33 0.17 034 -3.203 -35.0 100.0 180 20 045 1.0 180
00;24:;30 -69 -410 25 0 1.25 -0.29 0.21 033 -3.158 -35.0 100.0 180 23 045 1.0 180
00:24:40 -66 ~405 25 0 1.19 -0.29 0.25 033 -3.460 -35.0 100.0 180 19 045 1.0 180
00:24:50 -63 -400 25 0 1.14 -0.34 0.29 032 -4.001 -35.0 100.0 180 20 045 1.0 180
00;25:00 ~60 -385 25 0 1.08 -0.40 0.33 031 -4.611 ~35.0 100.0 180 19 045 1.0 180
00:25:10 ~57 -390 25 0 0.99 -0.39 0.36 031 -4.797 -35.0 100.0 180 21 045 1.0 180
00:25:20 ~55 ~386 25 0 0.94 -0.41 0.40 030 -5.146 -35.0 100.0 180 18 045 1.0 180
00:25:30 -52 -382 25 0 0.89 -0.46 0.43 029 -5.660 -35.0 100.0 180 19 045 1.0 180
00:25:40 -50 -378 25 0 0.81 ~0.47 0.46 028 -5.909 -35.0 100.0 180 18 045 1.0 180
00:25:50 -49 ~-374 25 0 0.75 -0.49 0.48 027 ~6.211 -35.0 100.0 180 22 045 1.0 180
00;26:00 ~47 -371 25 0 0.66 -0.56 0.51 026 ~-6.817 -35.0 100.0 180 19 045 1.0 180
00:26:10 =46 -368 25 0 0.61 -0.58 0.53 025 -7.053 -35.0 52.0 180 18 045 1.0 180
00;26:20 -45 -365 25 0 0.60 -0.58 0.55 023 -7.190 -35.0 28.0 180 15 045 1.0 180
00:26:30 -43 ~362 25 0 0.59 -0.54 0.57 022 -7.052 -27.1 28.0 180 18 045 1.0 180
00:26:40 ~-42 -359 25 0 0.61 -0.48 0.56 021 -6.555 -8.1 28.0 180 17 045 1.0 180
00:;26:50 -41 =356 25 0 0.62 -0.51 0.51 020 -6.433 10.9 28.0 180 18 045 1.0 180
00:27:00 -40 ~353 25 0 0.63 -0.54 0.42 019 -6.113 29.9 28.0 180 13 045 1.0 180
00:27:10 -39 ~350 25 0 0.61 -0.49 0.31 018 -5.087 35.0 28.0 180 19 045 1.0 180
00;27:20 -39 -347 27 0 0.61 -0.53 0.21 017 -4.712 35.0 28.0 180 17 045 1.0 180
00:;27:30 -39 -344 38 0 0.63 -0.51 0.07 016 -3.700 35.0 28.0 180 18 045 1.0 180
00:27:40 -39 -340 38 0 0.67 -0.49 ~0.09 016 -2.485 35.0 28.0 180 17 045 1.0 180
00;27:50 -40 -336 29 0 0.66 -0.38 -0.23 016 -0.991 35.0 28.0 180 18 045 1.0 180
0:28:00 -41 -333 29 0 0.68 -0.47 -0.33 016 -0.898 35.0 0.0 180 22 045 1.0 180
‘:28;10 -42 ~329 29 0 0.67 ~0.53 ~0.43 015 -0.609 35.0 0.0 180 22 045 1.0 180
:28;20 -43 -325 42 0 0.65 ~0.46 -0.56 01s 0.617 35.0 0.0 180 18 045 1.0 180
00:;28:30 -45 =321 51 0 0.71 -0.33 -0.75 016 2.663 35.0 0.0 180 17 045 1.0 180
00:28:40 -47 -316 51 0 0.77 ~-0.19 -0.94 016 4.753 35.0 0.0 180 17 045 1.0 180
00:28:50 -48 =311 51 0 0.83 -0.05 -1.10 017 6.622 35.0 0.0 180 13 045 1.0 180
00:29:00 -50 -306 50 0 0.88 0.05 -1.23 018 8.153 35.0 0.0 180 17 045 1.0 180
00:29:10 -51 -301 27 0 0.87 0.01 -1.25 020 7.976 35.0 0.0 180 20 045 1.0 180
00:29:20 -53 ~296 27 0 0.85 0.02 -1.24 021 7.972 35.0 0.0 180 20 045 1.0 180
00;29:30 -54 ~291 27 0 0.83 -0.07 -1.24 022 7.372 35.0 26.0 180 19 045 1.0 180
00:29:40 -56 -285 27 0 0.79 ~0.05 -1.25 024 7.622 33.7 52.0 180 23 045 1.0 180
00:29;50 -57 -280 27 0 0.76 ~-0.01 -1.23 025 7.758 19.4 52.0 180 19 045 1.0 180
00:30:00 -58 ~276 27 0 0.73 -0.04 -1.21 026 7.469 24.1 52.0 180 20 045 1.0 180
00:30:10 -60 =271 27 ¢} 0.69 -0.10 -1.17 027 6.790 5.1 98.0 180 20 045 1.0 180
00:30:20 ~-61 -266 27 0 0.59 -0.15 =-1.08 029 5.932 -13.9 98.0 180 20 045 1.0 180
00:30:30 -62 -263 27 0 0.49 -0.18 -0.96 029 4.967 ~32.9 98.0 180 16 045 1.0 180
00:30:40 -63 -259 27 0 0.43 -0.23 -0.83 030 3.796 -35.0 98.0 180 21 045 1.0 180
00:30:50 -65 ~-256 27 0 0.37 -0.27 -0.71 031 2.787 -35.0 98.0 180 18 045 1.0 180
00:31:00 -66 -253 27 0 0.32 -0.23 -0.60 031 2.327 -35.0 49.0 180 18 045 1.0 180
00:31:10 -67 -251 38 0 0.33 -0.28 -0.46 031 1.179 -35.0 49.0 180 22 045 1.0 180
00:31:20 -67 ~248 48 0 0.36 -0.41 -0.24 031 -1.075 -35.0 49.0 180 25 045 1.0 180
00:31:30 -68 =246 48 ] 0.42 -0.53 -0.01 031 -3.290 -35.0 26.0 180 16 045 1.0 180
00:31:40 -67 -243 48 0 0.48 -0.64 0.20 030 -5.334 -35.0 26.0 180 17 045 1.0 180
00:31:50 -67 -240 47 0 0.55 -0.75 0.40 029 -7.306 -35.0 26.0 180 15 045 1.0 180
00:32;00 ~66 -237 48 0 0.63 ~0.79 0.56 028 -8.572 -23.6 26.0 180 15 045 1.0 180
00:32:10 -65 -234 48 0 0.74 -0.85 0.59 026 -9.194 -4.6 26.0 180 14 045 1.0 180
00:32:20 -64 -230 45 0 0.80 -0.80 0.50 025 -8.257 14.4 26.0 180 19 045 1.0 180
00:32:30 -63 -226 36 0 0.80 -0.73 0.36 024 -6.925 33.4 100.0 180 15 045 1.0 180
00:32:40 -63 -222 36 0 0.75 -0.70 0.19 023 -5.660 35.0 100.0 180 19 045 1.0 180
00:32:50 -63 -218 36 0 0.72 -0.65 0.03 022 -4.,315 35.0 100.0 180 20 045 1.0 180
00:33:00 -63 ~-214 36 0 0.67 -0.48 -0.12 021 -2.272 35.0 100.0 180 17 045 1.0 180
00:33:10 -63 -210 36 0 0.67 -0.37 -0.25 021 -0.761 35.0 28.0 180 13 045 1.0 180
00;33:20 ~-63 ~-206 36 0 0.70 -0.30 -0.38 021 0.488 35.0 28.0 180 23 045 1.0 180
00:33:30 ~64 -202 42 0 0.71 ~-0.25 ~0.51 021 1.626 35.0 28.0 180 23 045 1.0 180
00:33:40 -64 -198 55 0 0.74 -0.15 -0.70 022 3.490 35.0 28.0 180 20 045 1.0 180
00:33:50 ~-65 -193 60 [ 0.83 0.02 -0.94 022 6.094 35.0 28.0 180 19 045 1.0 180
00:34:00 -65 -188 62 0 0.93 0.09 ~1.17 024 7.985 35.0 28.0 180 21 045 1.0 180
00:34:10 -66 -183 62 0 1.01 0.27 -1.36 025 10.402 35.0 51.0 180 19 045 1.0 180
00:34:20 -66 -176 62 0 1.08 0.35 -1.52 027 11.855 35.0 100.0 180 22 045 1.0 180
:34:30 -66 -170 63 0 1.10 0.40 -1.64 029 12,951 35.0 100.0 180 20 045 1.0 180
Q:Bd:do -66 -164 39 [0} 1.07 0.42 ~1.68 031 13.310 35.0 100.0 180 18 04s 1.0 180
:34:50 ~-66 -157 29 4] 0.97 0.37 -1.60 033 12.471 35.0 100.0 180 21 045 1.0 180
00:35:00 -66 -152 25 0 0.84 0.36 -1.51 035 11.843 24.6 100.0 180 23 045 1.0 180
00:35:10 ~-66 ~147 0 0 0.73 0.39 -1.40 037 11.357 5.6 100.0 180 17 045 1.0 180
00:35:20 -66 ~143 0 0 0.63 0.39 -1.31 039 10.783 -13.4 100.0 180 15 045 1.0 180
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Time Position (m) RPM Speed {Knots) Turn Rudder Gill Wind Current
HH;MM:SS East North Port Sthd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
0:35:30 -65 -139 31 0 0.54 0.37 -1.16 041 9.694 -32.4 100.0 180 20 045 1.0 180
‘:35:40 -65 -136 47 0 0.48 0.26 -0.85 042 7.019 ~-35.0 100.0 180 19 045 1.0 180
0:35:50 -64 -133 56 [} 0.48 0.08 -0.48 043 3.524 ~35.0 100.0 180 15 045 1.0 180
00:36:00 -63 -131 46 0 0.53 -0.09 -0.12 044 0.170 -35.0 100.0 180 i3 045 1.0 180
00:36:10 -61 -128 29 0 0.49 -0.12 0.02 043 -0.882 -35.0 100.0 180 14 045 1.0 180
00:36:20 ~-60 ~127 26 0 0.43 ~0.12 0.08 043 -1.265 ~-35.0 100.0 180 16 045 1.0 180
00:36:30 -59 -125 26 0 0.41 -0.11 0.15 043 ~1.640 -35.0 100.0 180 21 045 1.0 180
00:36:40 =57 -124 26 0 0.37 -0.12 0.21 043 -2.095 -35.0 100.0 180 19 045 1.0 180
00:36:50 -56 ~123 26 0 0.29 -0.13 0.26 042 ~2.516 -35.0 100.0 180 20 045 1.0 180
00:;37:00 -54 -122 26 0 0.23 -0.15 0.32 042 -2.982 -35.0 1.00.0 180 22 045 1.0 180
00:37:10 -53 ~-121 26 0 0.16 -0.17 0.38 041 ~3.465 -35.0 100.0 180 22 045 1.0 180
00:37:20 -53 ~121 26 0 0.10 -0.18 0.43 041 -3.903 -35.0 100.0 180 14 045 1.0 180
00:37:30 -52 -121 36 0 0.05 -0.21 0.51 040 -4.533 -35.0 100.0 180 15 045 1.0 180
00:37:40 -51 -122 41 0 0.03 -0.28 0.65 039 -5.903 -35.0 100.0 180 18 045 1.0 180
00:37:50 -50 -122 41 0 0.01 -0.33 0.76 038 ~6.876 -19.2 100.0 180 23 045 1.0 180
00:38:00 -49 -123 41 0 -0.01 -0.35 0.77 037 -7.137 -0.2 100.0 180 20 045 1.0 180
00:38:10 ~-48 -124 41 0 -0.03 -0.31 0.70 036 ~6.454 18.8 100.90 180 20 045 1.0 180
00:38:20 -48 -125 41 0 -0.05 -0.20 0.59 035 -4.956 15.0 100.0 180 18 045 1.0 180
00:38:30 ~47 -125 50 0 -0.02 -0.18 0.55 034 ~4.639 -4.0 100.0 180 22 045 1.0 180
00:38:40 -46 -126 43 0 0.02 -0.18 0.53 033 ~4.464 7.3 100.0 180 19 045 1.0 180
00:38:50 -45 -126 35 0 0.02 -0.15 0.46 033 ~3.915 19.0 100.0 180 18 045 1.0 180
00:39:00 ~-45 -127 35 0 -0.01 -0.12 0.37 032 -3.122 30.2 74.0 180 16 045 1.0 180
00:39:10 -44 -127 29 0 -0.02 -0.15 0.28 031 -2.762 35.0 74.0 180 21 045 1.0 180
00:;39:20 -44 =127 29 0 -0.05 ~0.14 0.20 031 -2.139 35.0 100.0 180 18 045 1.0 180
00:;39:30 -45 -127 29 0 -0.11 -0.12 0.12 031 -1.520 35.0 100.0 180 18 045 1.0 180
00:39:40 ~45 -128 29 0 -0.15 -0.07 0.04 031 -0.679 35.0 100.0 180 16 045 1.0 180
00:39:50 -46 ~129 29 0 -0.20 ~0.06 -0.03 031 -0.143 35.0 100.0 180 22 045 1.0 180
00:40:00 -46 ~-130 29 0 -0.26 -0.05 -0.10 031 0.324 35.0 100.0 180 22 045 1.0 180
00:40:10 -47 -131 42 0 -0.27 -0.01 -0.19 031 1.173 35.0 28.0 180 22 045 1.0 180
00:40;20 -49 -131 42 0 -0.26 0.05 -0.32 031 2.356 35.0 0.0 180 16 045 1.0 180
00:40:30 -50 -132 47 0 -0.21 0.16 -0.43 031 3.727 29.3 0.0 180 19 045 1.0 180
00:40:40 -51 ~-132 48 0 -0.11 0.19 -0.47 032 4.170 10.3 0.0 180 19 045 1.0 180
00:40:50 -52 -132 48 0 -0.03 0.17 -0.40 033 3.606 -8.7 0.0 180 20 045 1.0 180
00:41:00 -52 -132 48 0 0.05 0.11 -0.23 033 2.148 -21.7 0.0 180 17 045 1.0 180
00:41:10 -52 -132 39 ¢} 0.14 -0.01 ~-0.12 034 0.712 -2.7 30.0 180 19 045 1.0 180
00:41:20 -52 -131 29 0 0.10 -0.05 -0.11 034 0.396 3.7 99.0 180 16 045 1.0 180
00:41:30 -52 -130 29 0 0.05 -0.06 -0.11 034 0.286 0.7 99.0 180 18 045 1.0 180
00:41:40 -52 -130 29 0 0.02 -0.08 -0.07 034 -0.032 -18.3 23.0 180 15 045 1.0 180
0:41:50 -53 ~129 29 [} 0.06 -0.15 -0.01 034 -0.868 -18.3 0.0 180 14 045 1.0 180
‘):42:00 -53 -129 29 0 0.06 -0.16 0.03 033 -1.216 -10.5 50.0 180 18 045 1.0 180
0:42:10 -53 -129 29 0 0.04 -0.18 0.04 033 -1.422 -0.6 50.0 180 23 045 1.0 180
00:42;20 -53 -128 29 0 0.03 -0.20 0.04 033 ~1.508 3.8 50.0 180 20 045 1.0 180
00:42:30 -53 ~128 29 [+] 0.02 -0.21 0.03 033 -1.499 6.6 26.0 180 17 04s 1.0 180
00:42:40 -54 ~128 29 0 0.01 -0.19 0.01 032 -1.286 8.8 26.0 180 13 045 1.0 180
00:42;:50 ~54 -127 31 0 0.03 -0.13 -0.01 032 -0.823 7.8 26.0 180 18 045 1.0 180
00:43:00 -54 -127 37 (4} 0.07 -0.11 -0.02 032 -0.587 4.4 26.0 180 17 045 1.0 180
00:43:10 ~-54 -126 38 0 0.12 -0.08 -0.02 032 -0.401 2.0 26.0 180 20 045 1.0 180
00:43:20 ~-54 =125 38 0 0.18 -0.13 -0.02 032 -0.696 4.2 49.0 180 21 045 1.0 180
00:43:30 -54 -124 38 0 0.19 -0.14 -0.03 032 ~-0.649 6.0 49.0 180 21 045 1.0 180
00:43:40 -54 -123 38 0 0.21 -0.13 -0.05 032 -0.526 6.6 49.0 180 25 04S 1.0 180
00:43:50 -54 -122 38 0 0.24 -0.16 -0.07 032 -0.571 8.1 76.0 180 22 045 1.0 180
00:44:00 -53 -121 36 0 0.24 -0.17 -0.10 032 -0.492 9.5 99.0 180 19 045 1.0 180
00:44:10 -53 -119 33 0 0.20 -0.13 -0.12 032 -0.042 8.1 99.0 180 20 045 1.0 180
00:44:20 -54 -118 . 43 1] 0.19 -0.16 -0.13 032 -0.158 8.6 51.0 180 22 045 1.0 180
00:44:30 -54 -117 44 0 0.23 -0.18 -0.16 032 -0.097 8.9 77.0 180 15 045 1.0 180
00:44:40 -54 -115 44 0 0.23 -0.18 -0.19 032 0.066 8.2 77.0 180 16 045 1.0 180
00:44:50 -54 -114 44 0 0.24 -0.14 -0.20 032 0.372 6.4 77.0 180 16 045 1.0 180
00:45:00 =54 -112 43 0 0.27 -0.10 -0.21 032 0.684 4.2 77.0 180 15 045 1.0 180
00:45:10 -54 -111 43 0 0.31 -0.09 -0.20 032 0.717 2.0 77.0 180 15 045 1.0 180
00:45:20 -54 -109 38 0 0.33 -0.08 -0.18 032 0.603 0.2 77.0 180 22 045 1.0 180
00:45:30 -53 -107 38 0 0.32 -0.09 -0.15 032 0.370 -0.8 100.0 180 18 045 1.0 180
00;45:40 -53 -105 38 [} 0.31 -0.13 -0.13 032 -0.002 0.0 100.0 180 18 045 1.0 180
00:45:50 -53 ~104 38 0 0.28 -0.15 -0.11 032 -0.260 1.5 100.0 180 17 045 1.0 180
00:;46:00 -52 -102 38 0 0.31 -0.17 ~0.11 032 -0.397 3.1 76.0 180 17 045 1.0 180
00:46:10 -52 -100 38 0 0.30 ~-0.16 -0.11 032 ~0.349 4.1 100.0 180 13 045 1.0 180
00:46:20 ~52 -99 29 o 0.28 -0.15 -0.11 032 -0.242 4.9 100.0 180 21 045 1.0 180
00:46:30 -52 -97 29 0 0.24 -0.19 -0.12 032 -0.452 6.3 100.0 180 20 045 1.0 180
00:46:40 =52 -96 29 0 0.18 -0.24 -0.13 032 ~0.663 9.2 100.0 180 20 045 1.0 180
00:46:50 -53 ~-95 29 0 0.15 -0.19 -0.15 032 ~0.251 9.2 0.0 180 21 045 1.0 180
00:47:00 -53 -93 41 0 0.17 -0.22 -0.17 032 -0.310 9.9 0.0 180 23 045 1.0 180
00:47:10 -53 -92 56 0 0.26 -0.19 -0.21 032 0.151 8.5 0.0 180 16 045 1.0 180
00:47:20 ~53 -90 34 0 0.32 -0.10 -0.23 032 0.805 5.3 0.0 180 20 045 1.0 180
00:47:30 ~53 -88 34 0 0.35 -0.10 -0.22 032 0.783 2.6 0.0 180 22 045 1.0 180
00:47:40 -~53 ~-86 34 0 0.38 -0.09 -0.21 032 0.713 0.7 0.0 180 21 045 1.0 180
00:47:50 -52 -84 34 0 0.41 -0.14 -0.19 032 0.296 0.3 0.0 180 18 045 1.0 180
00:48:00 -52 -82 34 0 0.42 -0.15 -0.16 032 0.066 -9.4 0.0 180 22 045 1.0 180
00:48:10 -51 -80 34 0 0.46 -0.20 -0.08 032 -0.743 -28.4 0.0 180 16 045 1.0 180
:48:20 -51 =77 34 0 0.48 -0.25 0.04 032 ~1.834 -35.0 0.0 180 17 045 1.0 180
:48:30 -50 -75 34 0 0.52 -0.35 0.15 031 -3.144 -35.0 0.0 180 18 045 1.0 180
00:48:40 -49 ~-72 34 0 0.55 -0.42 0.25 031 -4.250 -35.0 0.0 180 18 045 1.0 180
00:48:50 ~48 -69 34 0 0.55 -0.52 0.35 030 -5.472 -35.0 0.0 180 16 045 1.0 180
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Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Start Time [hrs:min:sec]: 00:23:20
End Time [hrs:min:sec]: 00:49:00
Delta Plot Time [sec}]: 30
East-West Scale [m]: 926.

Date: 03-Feb-99 ‘Time: 14:36:21 I East-West Scale [NmJ:  0..5000




HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY
Simulation Number: 17 Date: 3 February 1999
Start Time: 15:38
Length of run [secs]: 2872

Ship Condition: draft=13.72m

Environment
Wind Speed [knots]:......cooevvninnnnnnnn. 20 Direction: 90
Sea State, Significant wave height [m]:.. 3 Direction: 270
Current Speed [knots]:.......ocoeeeeennnnns 1 Direction: 180
Ship Operator: J.A. Observer: B.K.J & J.K.

Final Mating, distance between center of buoy and center of moon pool [m]: 1.1

Evaluation;

On the final closure at very slow speed (to stop) on 070 degrees heading the ship closed
with the buoy at a very slow rate. This seems to indicate that the equilibrium heading
was probably between 072 to 075 degrees. The ship behaved very well. The buoy closed
Jfrom beam on port side. .
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log.ascii Page 1
Shiphandling Simulator Exercise date & time: 03-Feb-98
15:38:37
Ship: 591 150,000 ton, Tanker, partial load
Exercise number: 754 Suction Mooring System
~enario: 112 Open Ocean
‘g file; 999 Dummy tug file based on containership
affic ships: 590 Suction Mooring Buoy
Initial conditions: 594 150k tanker in partial load - Suction Mooring
Exercise identification: Eu”,& l7
Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current
HH:MM;SS East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
00:23:20 ~41 -438 29 0 1.23 -0.79 -0.77 036 -0.147 -35.0 100.0 180 10 090 1.0 180
00:23:30 -41 ~431 29 0 1.18 -0.75 -0.71 036 -0.254 -35.0 100.0 180 17 090 1.0 180
00:23:40 -40 -424 29 0 1.12 -0.82 ~0.70 036 -0.812 -35.0 100.0 180 19 090 1.0 180
00;23;:50 -40 -417 29 0 1.06 -0.82 -0.66 036 -1.011 -35.0 100.0 180 23 090 1.0 180
00:24:00 ~40 -411 29 0 1.00 -0.76 -0.61 035 -0.953 -35.0 100.0 180 20 090 1.0 180
00;24:10 -40 -405 29 0 0.95 -0.73 -0.57 035 -1.053 -35.0 100.0 180 21 090 1.0 180
00:24:20 -40 -399 29 0 0.92 -0.71 -0.52 035 -1.237 -35.0 100.0 180 20 090 1.0 180
00:24:30 -40 ~393 29 0 0.87 -0.62 -0.45 035 -1.051 -35.0 1100.0 180 23 090 1.0 180
00:24:40 -39 -388 26 ] 0.82 -0.65 -0.43 035 ~1.370 -35.0 100.0 180 19 090 1.0 180
00:24:50 -40 -383 26 0 0.78 -0.77 -0.45 034 -2.022 -35.0 100.0 180 20 090 1.0 180
00:25:00 -40 -378 26 0 0.74 ~-0.91 -0.48 034 ~2.718 -35.0 100.0 180 19 090 1.0 180
00:25:10 -41 -373 26 0 0.68 -0.89 ~0.46 034 -2.686 -35.0 100.0 180 21 090 1.0 180
00;25:20 -42 -368 26 0 0.64 -0.91 -0.45 033 -2.910 -35.0 100.0 180 18 090 1.0 180
00:25;30 -43 -363 39 0 0.61 -1.01 ~-0.44 033 -3.657 -35.0 100.0 180 19 090 1.0 180
00:25:40 -45 ~359 52 0 0.62 -1.09 ~-0.27 032 ~5.240 -35.0 100.0 180 18 090 1.0 180
00:25:50 -46 -354 58 0 0.68 -1.23 -0.04 031 -7.549 -26.0 100.0 180 22 090 1.0 180
00;26:00 -47 -349 55 0 0.75 -1.33 -0.01 029 -8.367 ~7.0 100.0 180 19 090 1.0 180
00:26:10 -48 -344 48 0 0.80 -1.22 -0.12 028 -7.027 12.0 100.0 180 18 090 1.0 180
00:26:20 -49 -339 29 0 0.80 -1.06 -0.27 027 -5.037 31.0 100.0 180 15 090 1.0 180
00:26:30 -50 -334 29 o} 0.76 -0.85 -0.40 026 -2.903 35.0 100.0 180 18 090 1.0 180
00:26:40 -51 ~329 29 0 0.73 -0.65 -0.50 026 -0.938 35.0 100.0 180 17 090 1.0 180
00:26:50 -53 -324 29 0 0.69 -0.63 -0.68 026 0.338 35.0 100.0 180 18 0390 1.0 180
00:27:00 -54 -320 31 0 0.65 -0.64 -0.86 026 1,406 35.0 100.0 180 19 090 1.0 180
00:27:10 -56 -315 43 0 0.63 ~-0.52 -1.00 027 3.058 35.0 53.0 180 19 090 1.0 180
00:27:20 -59 -310 47 0 0.67 -0.52 -1.22 027 4.481 26.4 53.0 180 17 090 1.0 180
00:27:30 ~61 ~305 55 0 0.73 -0.50 -1.31 028 5.166 12.2 53.0 180 18 030 1.0 180
00:27:40 -63 -298 58 0 0.82 -0.46 -1.45 029 6.255 31.2 53.0 180 17 0380 1.0 180
00:27:50 -65 -293 57 o 0.86 ~0.24 -1.62 030 8.761 35.0 53.0 180 18 0s0 1.0 180
:28:00 -67 -286 54 0 0.91 -0.25 -1.82 032 9.986 35.0 53.0 180 22 090 1.0 180
‘:28:10 -69 -280 29 0 0.86 -0.30 -1.87 034 9.933 35.0 53.0 180 22 090 1.0 180
0:28:20 -72 -273 29 0 0.79 -0.24 -1.83 03s 10.085 35.0 53.0 180 18 0380 1.0 180
00:28:30 -73 -267 29 0 0.74 -0.16 ~1.76 037 10.159 35.0 77.0 180 17 090 1.0 180
00:28:40 =75 ~261 29 4] 0.67 -0.08 -1.67 039 10.108 23.0 77.0 180 17 090 1.0 180
00:28:50 =76 -256 29 0 0.63 -0.03 -1.54 040 9.575 4.0 48.0 180 13 090 1.0 180
00:29:00 -77 =251 29 0 0.61 -0.03 -1.37 042 8.529 ~-15.0 48.0 180 17 090 1.0 180
00:29:10 -77 -246 29 0 0.59 -0.17 -1.21 043 6.605 -34.0 27.0 180 20 090 1.0 180
00:29:20 -78 -242 29 0 0.58 -0.22 -1.03 044 5.182 -35.0 27.0 180 20 090 1.0 180
00:29:30 -78 -237 29 0 0.58 -0.42 -0.91 045 3.109 -35.0 27.0 180 19 090 1.0 180
00:29:40 -78 -233 29 0 0.58 -0.47 -0.79 045 2.004 -35.0 0.0 180 23 090 1.0 180
00:29:50 ~78 -228 29 0 0.59 -0.47 ~0.67 045 1.298 -35.0 0.0 180 19 090 1.0 180
00:30:00 -78 -224 29 0 0.60 -0.58 -0.58 045 0.001 -35.0 0.0 180 20 090 1.0 180
00:30:10 -78 -220 29 0 0.61 ~0.73 -0.51 045 -1.401 ~35.0 0.0 180 20 090 1.0 180
00:30:20 -78 -215 29 0 0.61 -0.82 ~0.44 045 -2.397 -35.0 0.0 180 20 090 1.0 180
00:30:30 -78 -211 29 0 0.60 -0.83 -0.37 045 -2,.919 -35.0 0.0 180 16 090 1.0 180
00:30:40 -78 -206 29 0 0.62 -0.86 -0.31 044 -3.508 -35.0 0.0 180 21 090 1.0 180
00:30:50 ~78 -202 37 0 0.64 -0.88 ~0.23 043 -4.161 ~35.0 0.0 180 18 090 1.0 180
00:31:00 -78 -198 44 [ 0.69 -0.78 -0.04 043 -4.691 -35.0 0.0 180 18 0380 1.0 180
00:31:10 =77 -194 44 0 0.76 -0.81 0.09 042 -5.718 -25.1 0.0 180 22 090 1.0 180
00:31:20 -~75 -189 44 0 0.83 ~0.88 0.10 041 ~6.240 -7.3 0.0 180 25 030 1.0 180
00:31:30 -74 -185 44 0 0.30 -0.84 0.02 040 -5.454 T 9.4 25.0 180 16 090 1.0 180
00:31:40 -73 -180 44 0 0.95 -0.74 -0.12 039 -3.892 21.3 99.0 180 17 090 1.0 180
00;31;:50 -72 -174 44 0 0.96 -0.64 -0.32 039 ~-2.040 28.8 $9.0 180 15 090 1.0 180
00:32:00 =70 ~169 44 0 0.96 ~0.44 -0.51 038 0.431 35.0 99.0 180 15 090 1.0 180
00:;32:10 -69 -163 38 ] 0.96 -0.45 ~-0.74 039 1.819 35.0 99.0 180 14 090 1.0 180
00:32:20 -69 -~-158 29 0 0.90 -0.42 -0.86 039 2.812 35.0 99.0 180 19 090 1.0 180
00:32:30 -69 -152 29 0 0.84 -0.41 -0.96 040 3.505 35.0 99.0 180 15 090 1.0 180
00:32:40 ~-69 -146 29 [ 0.76 -0.47 -1.06 040 3.741 35.0 99.0 180 18 090 1.0 180
00:32;50 -70 =141 43 V] 0.71 -0.46 -1.16 041 4.410 35.0 99.0 180 20 090 1.0 180
00:33:00 -70 -135 56 0 0.69 -0.20 -1.27 042 6.799 35.0 99.0 180 17 090 1.0 180
00;33:10 -71 -~130 54 0 0.70 -0.03 -1.40 043 8.655 35.0 99.0 180 13 090 1.0 180
00:33:20 ~-71 -125 44 0 0.71 0.06 -1.47 045 9.737 35.0 99.0 180 23 090 1.0 180
00:33:30 -71 -120 39 4] 0.65 0.09 -1.46 046 9.852 35.0 99.0 180 23 090 1.0 180
00;33:40 ~71 -115 39 0 0.59 0.12 ~1.44 048 9.847 35.0 99.0 180 20 090 1.0 180
00:;33:50 =71 ~111 39 0 0.54 0.19 -1.39 050 10.038 35.0 99.0 180 19 090 1.0 180
00;34:00 -71 -107 30 0 0.49 0.10 -1.34 051 9.138 35.0 99.0 180 21 090 1.0 180
00:34:10 =71 -103 30 0 0.43 0.20 ~1.26 053 9.307 35.0 99.0 180 19 090 1.0 180
00:34:20 =71 -100 30 0 0.38 0.16 -1.20 054 8.614 35.0 99.0 180 22 090 1.0 180
:34:30 -71 -96 30 0 0.32 0.10 -1.14 056 7.871 35.0 99.0 180 20 090 1.0 180
$34:40 -7 -93 40 0 0.27 0.04 -1.11 057 7.268 35.0 99.0 180 18 090 1.0 180
0:34:50 -71 -90 38 0 0.23 -0.05 -1.09 0s8 6.625 35.0 99.0 180 21 0390 1.0 180
00:35:00 -72 -87 38 0 0.17 -0.04 -1.07 059 6.488 35.0 99.0 180 23 0390 1.0 180
00:35:10 =73 -85 25 0 0.12 0.06 -1.02 060 6.832 35.0 99.0 180 17 090 1.0 180
00:35:20 -73 -82 25 0 0.07 0.04 -0.94 061 6.219 35.0 99.0 180 1S 030 1.0 180
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log.ascii Page 2 }
Time Position (m) RPM Speed {(Knots) Turn Rudder Gill Wind Current !
HH:MM:SS East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
:35:30 ~-74 -80 28 0 0.00 0.03 -0.87 062 5.732 35.0 99.0 180 20 090 1.0 180
d:BS:dO -75 ~-79 28 0 -0.06 0.13 -0.81 063 5.922 35.0 99.0 180 19 030 1.0 180
:35:50 -77 ~-17 28 0 -0.13 0.10 ~-0.74 064 5.353 35.0 99.0 180 15 090 1.0 180 !
00:36:00 ~78 -76 28 0 -0.186 0.06 ~0.69 065 4.749 35.0 99.0 180 13 0s0 1.0 180
00:36:10 ~79 -75 28 0 -0.21 0.13 -0.63 066 4.825 35.0 99.0 180 14 090 1.0 180
00:36:20 ~-81 =75 28 0 -0.26 0.16 -0.58 067 4.684 35.0 99.0 180 16 090 1.0 180
00:36:30 -83 -74 28 0 -0.28 0.19 -0.53 067 4.560 35.0 99.0 180 21 090 1.0 180
00:36:40 -84 -74 28 0 -0.31 0.09 ~0.49 068 3.678 35.0 99.0 180 19 090 1.0 180
00:36:50 -86 -74 28 0 -0.37 0.06 -0.44 069 3.224 21.7 99.0 180 20 090 1.0 180
00:37:00 -89 -73 28 0 -0.41 0.02 -0.43 069 2.863 8.9 99.0 180 22 090 1.0 180
00:37:10 -91 =73 28 (4] -0.47 -0.03 -0.40 070 2.361 3.0 99.0 180 22 090 1.0 180 N
00:37:20 -94 ~73 43 0 ~0.45 -0.03 -0.36 070 2.113 -3.3 0.0 180 14 090 1.0 180
00:37;30 -96 =73 49 0 -0.37 -0.02 ~0.30 070 1.793 -9.2 0.0 180 15 090 1.0 180
00:;37:40 -98 ~73 53 0 -0.28 -0.09 -0.15 070 0.352 -9.4 0.0 180 18 090 1.0 180 v
00:37;50 -99 ~173 54 0 -0.18 -0.14 0.00 070 ~0.857 -1.8 0.0 180 23 090 1.0 180
00:38:00 -100 -73 59 0 -0.04 -0.19 0.03 070 -1.382 15.0 0.0 180 20 090 1.0 180 }
00:38:10 -100 -72 62 0 0.08 -0.16 -0.01 070 -0.910 9.4 0.0 180 20 090 1.0 180 ;
00:38:20 -99 ~-72 52 0 0.22 ~0.06 0.01 070 -0.412 4.5 0.0 180 18 090 1.0 180
00:38:30 -98 ~71 34 0 0.27 -0.06 0.04 070 -0.621 6.0 50.0 180 22 090 1.0 180 ;
00:38:40 -97 -70 34 0 0.31 -0.05 0.05 070 -0.651 8.2 50.0 180 19 030 1.0 180 H
00:38:50 -95 -70 34 0 0.34 -0.05 0.06 070 -0.659 9.6 50.0 180 18 090 1.0 180
00:39:00 -93 -69 34 0 0.34 -0.05 0.06 069 -0.708 12.0 50.0 180 16 090 1.0 180
00:39:10 -92 -69 26 0 0.36 -0.14 0.06 069 -1.238 16.4 73.0 180 21 090 1.0 180
00:39:20 -90 -~68 26 0 0.33 ~0.15 0.05 069 -1.247 20.7 73.0 180 18 090 1.0 180
00:39:30 -89 -67 26 0 0.29 -0.15 0.03 069 -~1.177 23.1 73.0 180 18 090 1.0 180
00:39:40 -87 -66 26 [ 0.27 ~0.11 0.04 069 -0.920 4.1 73.0 180 16 090 1.0 180 !
00:39:50 ~-86 -65 26 [+} 0.24 -0.14 0.07 069 ~1.347 -3.2 100.0 180 22 090 1.0 180
00:40:00 -85 -65 26 1} 0.19 -0.17 0.10 068 -1.724 5.5 100.0 180 22 090 1.0 180 .
00:40:10 -85 -64 26 0 0.13 -0.18 0.11 068 -1.818 i6.0 100.0 180 22 090 1.0 180
00;40:20 -84 -64 26 0 0.05 ~0.17 0.09 068 -1.649 33.4 100.0 180 16 090 1.0 180 .
00:40:30 -84 -64 26 (o} 0.00 -0.08 0.06 067 -0.907 35.0 100.0 180 19 090 1.0 180
00;40:40 -84 -64 26 0 -0.03 -0.06 0.03 067 -0.611 35.0 70.0 180 19 090 1.0 180 ;
00:40:50 -84 -64 26 0 ~0.03 ~0.01 0.02 067 -0.166 22.7 S3.0 180 20 090 1.0 180 }
00:41:00 -85 ~64 26 0 -0.03 0.05 0.03 067 0.153 9.1 27.0 180 17 030 1.0 180 :
00;41:10 -85 -64 26 0 0.00 -0.05 0.04 067 -0.580 26.4 27.0 180 19 090 1.0 180 i
00:41:20 -85 -64 26 0 0.00 -0.10 0.02 067 -0.772 35.0 27.0 180 16 090 1.0 180
00:41:30 -85 -64 26 0o -0.01 -0.11 0.00 067 -0.663 31.9 51.0 180 18 090 1.0 180
00:41:40 -85 -64 26 0 ~-0.03 -0.09 ~0.01 067 -0.464 28.5 51.0 180 15 090 1.0 180 '
:41:50 ~85 ~63 26 0 -0.01 -0.15 -0.01 067 ~0.906 12.7 51.0 180 14 090 1.0 180
Q:n:oo -85 -63 26 0 -0.02 -0.15 0.02 067 ~1.118 7.5 51.0 180 18 090 1.0 180
:42:10 -86 -63 26 (¢} ~0.04 ~0.18 0.04 066 -1.433 13.4 26.0 180 23 090 1.0 180 '
00:42:20 -86 -62 26 [« -0.04 -0.21 0.05 066 -1.695 18.3 26.0 180 20 090 1.0 180
00:42:30 -86 -62 26 0 -0.05 -0.24 0.05 066 ~1.847 22.6 26.0 180 17 090 1.0 180
00:42:40 ~-87 ~62 26 0 ~-0.06 -0.23 0.07 066 ~1.886 3.6 26.0 180 139 030 1.0 180 ‘
00:42:50 -87 -62 29 0 -0.04 -0.16 0.10 065 -1.633 12.2 26.0 180 18 030 1.0 180 .
00:43:00 ~-87 -62 34 0 -0.01 ~0.11 0.07 065 -1.150 31.2 26.0 180 17 0%0 1.0 180 .
00;43:10 -87 -62 34 ¢ 0.02 -0.02 0.01 065 -0.172 28.4 26.0 180 20 090 1.0 180
00:43:20 -87 -61 28 0 0.05 -0.10 0.01 065 -0.671 9.3 26.0 180 21 090 1.0 180
00:43:30 -87 -61 28 0 0.05 -0.14 0.03 065 -1.101 5.1 26.0 180 21 030 1.0 180 '
00:43:40 -87 -61 28 0 0.06 -0.16 0.05 065 -1.309 10.2 26.0 180 25 090 1.0 180 |
00:43:50 -87 ~60 28 0 0.08 -0.24 0.07 064 -1.944 ~3.4 26.0 180 22 090 1.0 180 '
00:44:00 -87 -60 28 0 0.10 -0.32 0.12 064 -2.793 -10.1 26.0 180 19 090 1.0 180 }
00:44:10 -86 -59 28 0 0.10 -0.28 0.15 063 ~2.711 2.2 26.0 180 20 090 1.0 180 !
00:44:20 -86 -58 28 0 0.11 -0.36 0.16 063 -3.310 9.7 26.0 180 22 090 1.0 180
00:44:30 ~-86 ~57 25 0 0.11 -0.42 0.15 062 -3.664 19.2 26.0 180 15 090 1.0 180
00:44:40 -86 -57 25 0 0.09 -0.43 0.13 062 -3.592 30.0 50.0 180 16 090 1.0 180
00:44:50 ~86 -56 26 0 0.06 -0.37 0.08 061 -2.954 35.0 50.0 180 16 090 1.0 180 i
00:45:00 -86 ~-55 33 0 0.07 -0.26 0.03 061 -1.843 35.0 50.0 180 15 090 1.0 180 ¢
00:45:10 -86 -54 26 0 0.09 ~0.19 -0.03 061 -0.971 35.0 50.0 180 15 090 1.0 180 :
00:45:20 -86 ~-54 25 0 0.08 -0.12 -0.07 060 ~0.369 32.9 50.0 180 22 090 1.0 180 H
00:45:30 -86 ~-53 25 0 0.07 -0.10 -0.08 060 -0.064 29.8 50.0 180 18 030 1.0 180 ;
00:45:40 -85 -52 25 0 0.07 -0.13 -0.11 060 -0.093 30.6 50.0 180 18 090 1.0 180 ’
00:45:50 -86 -52 25 0 0.05 -0.16 -0.13 060 ~0.163 31.0 62.0 180 17 090 1.0 180 L
00:46:00 -86 -51 25 (¢} 0.05 -0.20 -0.16 060 -0.268 32.7 76.0 180 17 030 1.0 180
00:46:10 ~86 ~-50 25 0 0.0 -~0.16 ~0.17 060 0.094 30.3 76.0 180 13 090 1.0 180 H
00:46:20 ~-86 -49 25 0 0.00 ~-0.15 -0.18 060 0.230 28.7 76.0 180 21 090 1.0 180 ,
00:46:30 -87 -48 25 o -0.02 -0.23 -0.20 060 -0.215 35.0 76.0 180 20 030 1.0 180 .
00:46:40 -88 -47 25 0 -0.06 -0.34 -0.22 060 -0.739 35.0 76.0 180 20 0390 1.0 180 ’
00:46:50 -89 ~46 25 0 -0.12 -0.26 -0.23 060 -0.164 35.0 1.0 180 21 090 1.0 180
00:47:00 -90 ~46 25 0 -0.12 -0.33 -0.24 060 -0.558 35.0 0.0 180 23 090 1.0 180
00:47:10 -91 -45 25 0 ~0.12 -0.30 -0.25 060 -0.333 35.0 0.0 180 16 090 1.0 180
00:47:20 ~93 -44 25 o -0.12 -0.16 -0.26 060 0.596 35.0 0.0 180 20 090 1.0 180
00:47:30 -94 -43 0 0 -0.12 -0.15 -0.26 060 0.690 35.0 0.0 180 22 090 1.0 180
00:47:40 -95 -43 0 0 -0.13 ~0.12 ~0.24 060 0.759 35.0 0.0 180 21 090 1.0 180
00:47:50 -96 -42 [} 0 ~-0.15 -0.20 -0.23 060 0.183 17.4 0.0 180 18 090 1.0 180
® |
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Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Start Time [hrs:min:sec]: 00:23:20
End Time [hrs:min:sec]: 00:47:52
Delta Plot Time [sec]: 30

East-West Scale [m]: 926.
l East-West Scale [Nm]: 0.5000

Date: 03-Feb-99 Time: 15:38:37




HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY
Simulation Number: 18 Date: 3 February 1999
Start Time: 16:35
Length of run [secs]: 2812

Ship Condition: draft =13.72 m

Environment ‘
Wind Speed [knots]:......cccocvevninnnins 20 Direction: 90
Sea State, Significant wave height [m]:.. 3 Direction: 270
Current Speed [knots]:...........iveuenenee. 1 Direction: 180
Ship Operator: J.A. Observer: B.K.J & J.K.

Final Mating, distance between center of buoy and center of moon pool [m]: 3.8
Evaluation:
A little too much throttle to move ahead and we missed by 3.8 m.

The approach was very controlled. The ship handler had a lapse in discipline
specifically in forgetting to maintain a balance of the thruster versus propeller. He

momentarily forgot about the axial components of all forces, which were at cute angles.

J.A. asked for a rerun, which we never made.
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log.ascii Page 1
Shiphandling Simulator Exercise date & time: 03-Feb-99
16:35:37
Ship: 591 150,000 ton, Tanker, partial lecad
Exercise number: 754 Suction Mooring System
Scenario: 112 Open Ocean
.;g file: 999 pPummy tug file based on containership
affic ships: 590 Suction Mooring Buoy
Initial conditions: 594 150k tanker in partial load - Suction Mooring
Exercise identification: RQN 4t ,8
Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current
HH:MM:SS East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
00:23:20 ~-68 -276 25 0 0.55 ~0.42 -1.29 038 5.521 3.4 50.0 180 10 030 1.0 180
00:23:30 -70 =271 25 0 0.53 -0.38 -1.24 039 5.478 22.4 50.0 180 17 090 1.0 180
00:23:40 ~71 -266 25 0 0.48 ~-0.42 -1.26 040 5.321 35.0 76.0 180 19 030 1.0 180
00:23:50 ~73 -262 25 0 0.42 -0.38 -1.26 041 5.555 35.0 176.0 180 23 090 1.0 180
00:24:00 -75 -257 25 0 0.37 -0.30 -1.24 042 6.000 35.0 76.0 180 20 090 1.0 180
00:24:10 -76 -253 25 0 0.32 -0.23 -1.21 043 6.223 35.0 76.0 180 21 050 1.0 180
00:24:20 -78 -250 25 [ 0.30 -0.19 -1.18 044 6.322 35.0 0.0 180 20 030 1.0 180
00:24:30 -79 =246 28 0 0.29 -0.06 -1.14 045 6.841 35.0 0.0 180 23 090 1.0 180
00:24:40 -80 -243 41 0 0.30 -0.05 -1.14 046 6.916 35.0 0.0 180 19 090 1.0 180
00:24:50 -81 -240 43 0 0.35 -0.10 ~1.19 048 6.912 32.7 0.0 180 20 090 1.0 180
00:25:00 -82 -236 44 0 0.39 -0.21 -1.18 049 6.141 14.5 0.0 180 19 090 1.0 180
00:25:10 -83 -232 44 0 0.42 -0.22 -1.07 050 5.401 ~1.6 24.0 180 21 0s0 1.0 180
00:25:20 -83 -228 44 0 0.48 -0.31 -0.90 050 3.757 ~13.8 51.0 180 18 090 1.0 180
00:25:30 -83 ~224 44 0 0.52 ~0.46 -0.73 051 1.719 -18.4 51.0 180 19 090 1.0 180
00:25:40 -83 -220 44 0 0.55 -0.52 -0.56 051 0.257 -19.6 51.0 180 18 090 1.0 180
00:25:50 ~82 -216 44 0 0.59 -0.58 -0.42 051 -1.013 -16.5 76.0 180 22 090 1.0 180
00:26:00 -81 -212 44 0 0.60 ~-0.70 -0.34 051 -2.275 ~9.6 76.0 180 19 090 1.0, 180
00:26:10 -81 ~208 44 1] 0.63 -0.68 -0.29 050 ~2.460 -2.0 76.0 180 18 090 1.0 180
00:26:20 -80 -204 44 0 0.65 -0.61 -0.28 050 -2.099 4.8 100.0 180 15 090 1.0 180
00:26:30 -79 -200 33 0 0.62 -0.48 -0.29 050 -1.198 8.7 100.0 180 18 090 1.0 180
00:26:40 -77 -197 33 0 0.61 -0.34 -0.31 050 -0.230 8.9 100.0 180 17 090 1.0 180
00:26:50 -76 -194 33 0 0.58 -0.36 -0.35 050 -0.105 20.5 100.0 180 18 090 1.0 180
00:27:00 -75 -190 33 [} 0.56 -0.39 -0.44 050 0.343 35.0 100.0 180 19 090 1.0 180
00:27:10 =74 ~187 33 0 0.50 -0.30 -0.53 050 1.455 35.0 100.0 180 19 090 1.0 180
00:27:20 -74 -183 33 0 0.47 -0.34 -0.61 050 1.740 35.0 100.0 180 17 0s0 1.0 180
00:27:30 ~-74 ~180 33 0 0.43 -0.31 -0.68 050 2.333 35.0 100.0 180 18 090 1.0 180
00:27:40 -74 -177 33 0 0.40 -0.31 -0.74 051 2.708 35.0 100.0 180 17 090 1.0 180
00:;27:50 ~-74 -173 33 0 0.34 -0.19 -0.78 051 3.703 35.0 76.0 180 18 090 1.0 180
0:28:00 -74 ~-170 33 0 0.33 -0.28 -0.82 052 3.423 35.0 52.0 180 22 090 1.0 180
‘:28:10 =75 -167 33 0 0.32 -0.33 -0.86 052 3.374 35.0 27.0 180 22 090 1.0 180
0:28:20 -75 ~163 33 0 0.29 -0.26 -0.88 053 3.955 35.0 27.0 180 18 090 1.0 180
00:28;30 -76 -160 33 0 0.30 -0.17 ~0.89 054 4.536 35.0 27.0 180 17 030 1.0 180
00:28:40 -76 -157 33 0 0.31 -0.08 -0.89 055 5.137 35.0 27.0 180 17 090 1.0 180
00:;28:50 =76 -154 33 0 0.32 0.02 -0.88 055 5.712 35.0 27.0 180 13 030 1.0 180
00:29:00 -76 -152 33 v} 0.34 0.08 -0.85 056 5.840 16.5 27.0 180 17 090 1.0 180
00:29:10 -76 -149 33 0 0.35 -0.01 -0.76 057 4.790 -2.5 27.0 180 20 030 1.0 180
00:29:20 -75 -147 33 0 0.36 -0.04 -0.63 058 3.764 -21.5 27.0 180 20 090 1.0 180
00:29:30 -74 -144 33 0 0.38 -0.23 -0.47 058 1.494 -35.0 27.0 180 19 090 1.0 180
00:29:40 -74 ~-142 33 0 0.36 -0.31 -0.31 059 0.002 ~35.0 100.0 180 23 090 1.0 180
00:29:50 =73 ~139 26 0 0.31 -0.32 -0.21 059 ~-0.704 ~35.0 100.0 180 19 090 1.0 180
00:30:00 -72 -137 26 o} 0.27 -0.43 -0.12 058 -1.954 -35.0 100.0 180 20 090 1.0 180
00:30:10 -72 -136 26 0 0.22 -0.57 -0.03 058 -3.388 -35.0 100.0 180 20 090 1.0 180
00:30:20 =72 -134 26 [} 0.16 -0.66 0.04 057 -4.455 -24.4 100.0 180 20 090 1.0 180
00;:;30:30 ~72 -132 26 0 0.09 -0.67 0.09 056 -4.803 -7.1 100.0 180 16 090 1.0 180
00:30:40 ~-73 -131 26 0 0.05 -0.68 0.10 056 -4.962 9.3 100.0 180 21 090 1.0 180
00:30:50 =74 -129 26 0 0.01 -0.66 0.0% 055 -4.737 23.4 100.0 180 18 090 1.0 180
00:31:00 -74 -128 26 0 -0.02 -0.48 0.06 054 -3.402 35.0 35.0 180 18 090 1.0 180
00:31:10 -75 -127 26 0 0.00 -0.42 0.00 054 -2.665 35.0 26.0 180 22 [13:]¢} 1.0 180
00:31:20 -76 -127 26 o} 0.01 -0.45 -0.06 053 ~2.487 35.0 26.0