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EXECUTIVE SUMMARY

This document reports the work carried out by

the U.S. Department of Energy (DOE) Innovation

Jens Korsgaard under

and Energy Program

Contract No. DE-FG36-98GOI 0321. 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 related downtimes between 5% and 30’%0in ‘

the open ocean. The Hydrostatic Moorigg 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.

-...
,,
,..
,,.

,,..
,.

:.
(:

:..

,.
t-”‘,

;,
.,

,,,. .

,.,

i

-T



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 1009’o 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. [n 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
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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-

GO1 0321.

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 fur&her. 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 S1 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 I
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.

,6 ,,

\

I
‘.-.,

MooringLke

Fig 2-1 Hydrostatic Mooring Principle

2-1

.— —. .--. — -— ..- ——,



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:

i.
:,‘.-
.’,

1

r.,
:..

,.

;.

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: 20940

Mooring area calculated: Tr/4*20A2=314 m2

Compressive force calculated: ‘314’(150-50)= 31400 kN

Max. horizontal force calculated: 20Yo*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
.,

I
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extreme ice forces. Consequently, the Hydrostatic 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

\
I

Buoyancy Tank
1 I

To Fluid Riser
& LvA (m &

-Moofig 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 A6hkelon and in Manavgat is

described by the following:

. Hs=2.O meters Exceeded 50 days per year

. Hs=5.O meters Exceeded 3.8 days per year

. Hs=6.O meters Exceeded 0.6 days per year

. Hs=8.O meters Return Period 50 years



The current at Ashkelon is reported to be usually north going with a

speed of0.5 knots. For design purposes at this time adesign current ofl.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.O m will have

99?10availability 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 ~0.5 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 26 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

2-5 );
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is ❑(I 0.5’10.5- 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.

elements is specially formulated to have a large

wet anti-fouling paint.

The rubber in these fender

friction coefficient relative to

The friction coefficient that is assumed for computational purposes is

ordinarily in the 10% to 30?40range, 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 mdnitor 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

approach and mooring

is 25 meters. The maximum wave condition for

is set to Hs = 5 meters in this case. A safety margin

2-6
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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.

I
The water depth in the chosen mooring area is only about 37 m.

t

,’ :
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.

‘1

2.2.3 Cargo Transfer , I

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

Fluid Path

Fluid Path (

Ah

,’

,,
,,

,’

Fig 2-3 Fresh Water Transfer System

2-7
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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

JT*4*4*200=I 0000 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.

2-8
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Fluid Paths

Connectors

Jh (m d!h
<Mooring Chain (&p)

,

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 make 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. [n 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 f O m. An opening in the bottom of

2-9
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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 2’2.1 m + 1.5m = 5.7 m <5.8

m, Sealing circle 2’2.1 m + 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

Deck - ““id’r=rm=!’p””

Fluid Swivel Skid

Fig 2-5 Petroleum Transfer System General Arrangement

2-10



the fluid paths and to serve as a torque bar. The buoy is placed on the

bottom of theship atrandom within themooring 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 generaI 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 fluid 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 t4sting 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

c The atmosphere inside the torsion bar maybe 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 it

. 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.

. The mooring maintenance pressure rises to above a preset level.

This pressure is measured continuously at all 3 pressure

maintenance pumps.

. 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.

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

Controlled emergency disconnect comprises the following steps:

. 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.

. If time permits purging of the fluid paths by nitrogen

● 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 seaI 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 see) 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 see),

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 onto the bottom of the ship and the mooring is accomplished.

By initial appearance, this procedure is nearly impossible because the I
mooring area of the vessel has to be brdught 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 j“,

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. [t 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.
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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.
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TABLE 3-1
Tests Conditions

.,“

Simulation Wind
I

Waves
I

Current

Run # Speed Direction Significant Direction Speed Direction
(knots) (degrees Height (degrees (knots) (degrees

from) (m) to) to)

10 I o 0 I o 0 I o I o
11 0 I o 0 I o 0 0
12 0 0 0 0 2 180
13 20 0 3 180 0 0
14 ‘“ . -a o 0
15 1 180
16 Lu +a o LLa 1 180
17 20 90 3 270 1 180
cIQ w-i m-i Q ci7n 1 1RnIv I Lu I au I u I Llu I
.in -lC n c 4 on

I .--,

la I La I u I c1 I IOu I o 0
20 25 I o 5.1 I 180 0 0

I Vd I I LL.J I
90 ; 270

I nn I c I ~7n I

il iii
,

I 45 5- 1 225 1 180
22 25 Ac I c Wlz I 1 180

23 25 1 180
24 25 7U Q L(U 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
3n do n R 1ml 1 125-- t . --
?)4

ii i ii 180

40 0 8 180

. --
01 i 90
32 , , , , .—- , 1 90
33 46 0 8 180 2 90
!lA I A(I I n I 8 I I m I 7 m

[t is notable that no existing mooring 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

the vessel and was securely held by the vessel following mooring.

met with

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?40of 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 O 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?40and

30%.
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TABLE 3-2

Tests Results

Simulation Mating

Run # Duration (see) Center to Center Distance

(ml

10 1808 4.1

11 2156 0.9

12 1650 0.2

13 1785 1.25

14 3310 2.9

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 2.5

23 2160 2.0

24 2235 2.5

25 3465 1.8

26 3912 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

Hydrostatic Mooring, that are similar to the design that is

report.

existed for the

featured in this

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

refinement were:

further

4.1

E 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

s An assessment of risk.

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 felative 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.
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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

= Elements 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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Hydrostatic Nhcwing Buoyancy Control

l-l

Mowing Condition: Start of Rapid Ascent I Time= t -f-0.5 Sec
At Time= t the vessel commanded valve 4 to open. Valve 4 opens fully
in 0.5 sec.

-&’J

Figure 4-1 Start of Rapid Ascent
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Hydrostatic Mooring == Control

I-3

Mooring Condition: Rapid Ascent lTime=t+4sec

Rapid Ascent. Air flowing through valve 4 increases the buoyancy at a rate
of 15 tonneskcond. Bouy rises in the water at a rate of up to 1.5 mkiec.
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Figure 4-2 Rapid Ascent
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Hydrostatic Mcming - Buoyancy Ccmtrul

P,,,.,,.,.,,.-.h<,.,.,; > ~,~,,,.,,,,-,?,,?.’ . .

%k ,, ;7? ;“.

Mooring Condition: Maximum Buoyancy lTime=t+9sec

The rapid ascent system automatically closes valve 4 when reaching
maximum buoyancy. This is controlled by a timer in the control system.
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Figure 4-3 Maximum Buoyancy
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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 ge~erated 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. [t was found that Hillman rollers manufactured

by the Hillman Company in New Jersey would have better characteristics

than, the LUBRON bearings.
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These rollers could be operated such that they are immersed in
I

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 1YO

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 I
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.
..
j
, “,-1

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 l-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 l-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 conce~n 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.

[t 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 s(mulator 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?40. 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 10*. 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-
98GO1O321. 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 maybe
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' sengineering shiphandling simulator. Thesimulator wassetup with
ship control console and displays as follows:

(1)

(2)

(3)

(4)

(5)

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 Oto 359 degrees and throttle Oto 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 during 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
cente~ of the buoy was a cross, one by one meter, for the identification of the
center of the buoy.

2
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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 I.

Table 2 Maneuvering Characteristics for tanker

Turning Maneuver .-
Approach speed [knots] 16.00

Rudder angle [degrees] 35 R

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
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Stopping Maneuver
Approach speed [knots] 16.00
Time to stop ship [see] 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 (RAO~S)and phase angles relative tOthe
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 RAO’S are shown in APPENDIX II. The RAO’S are shown for 180, 150,
120, 90, 60, 30,0 degrees heading, where 180 degrees is head sea, and Odegrees 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’S online for the actual wave history due to
heading, ship speed and wave frequency.

4
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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. :!

i. I

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 buo y was kept constant. The wave excitation forces
were made a fimction 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 consistent 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, 60,30,0 degrees heading,
where 180 degrees is head sea, and Odegrees 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 fi.mction
of water depth. This change maybe 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 fust two thirds of the distance from initial location to the tanker
the simulator uses interpolation of the f~st curve. The rest of the vertical transition
moves the buoy location by buoy velocity times the simulation time step. The second

5
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method is added because the tanker and buoy motions change the distance between them
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.

!“

1.

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 vmying 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.

6
,

——.—.——————-— ——. - ..- —-— —. ....=— — .——.— ..- . —.—,



N]cholsTechnicalReport A1032.99.OOO.OI

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:
. First order oscillatory forces centered on the dominant wave encounter frequency.
. Second order drift forces, which consist of a steady (time independent) component

and a low frequency component.

The f~st 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.
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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, a 2
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 maybe 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.

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 SignificantDirection Speed Direction Centerto

# Time [sees] [knots] [degrees] Height [degrees] [knots] [degrees] Center dist
[m] [ml

10 8:25 1808 0 0 0 0 0 0 4.I

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 I I :30 3310 20 0 3 180 0 0 2.9

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

16 14:30 2940 20 45 3 225 1 180 0.4

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

18 16:30 2812 20 90 3 270 I 180 3.8

19 8:00 2205 25 0 5 180 0 0 2.6

20 8:45 2280 25 “ o 5.1 180 0 0 1.8

8
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21 9:30 3664 25 45 5 225 I I 180 2.5
22110:5011665125145 151 225 I I ‘ ‘“n ‘ -= ‘
23

1 1Ou

11:30 2160 25 90 5 270 1 180 ;:;
24 14:00 2235 25 90 5 270 1 180 2.5
25 14:40 3465 25 90 5 270 2 180 1.8
26 16:25 3912 25 90 5 270 2 180 I.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 8 180 I 135 1.8
30 11:30 1530 40 0 8 180 1 135 2.0
31 13:15 4566 40 0 8 180 1 90 1.9
32 14:30 2760 40 0 8 180 1 90 I.5
33 15:25 3065 40 0 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 successfid 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 fust run. However, in eight out of the twelve repeat runs the second
mating was closer or equal to the target than the f~st 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 2.1 m
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 Q 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 degreeshnin), was too slow. A higher rudder rate
(e.g. 3.33 degreeshnin) 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, Ifound 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

9
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simulated. Maneuvering was as cmticipatedfor 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 offorces 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, Ifound the minimal rudder rate of the simulated ship, while typical of
some such ships, not high enough to satisfl 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:

. 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.

. 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.
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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/see to 3.33
degrees/see. 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.
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Maneuvering Characteristics for Tanker

Turning Circle Trajectory
Left 20-20 Zig-Zag Maneuver
Stopping Maneuver Trajectory
Stopping Characteristics
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load, 20 tons Gill thruster

Turning Maneuvering Charactex

Rudder Angle (degrees):
Approach Speed (knots):
RPM:
Ship Length, L, (m):
T90 (sees):
T180 (sees):
Steady Speed in Turn (knots):
Speed Loss in Percent:
Advance (m):
Transfer (m): .
Tactical Diam., TD (m):
Nondim Tactical Diam., TD/L:
Steady Turning Diarn., D (m):
Nondim Steady Turn. Diam., DA:
Final Drift Angle (degrees):

Steady roll angle (degrees):
Water depth:
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Side Reach in Ship Lengths

Date: 16-Feb-99 Time: 11:26:41
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Left 20-20 Zig-Zag Maneuver
Ship Id: 150,000 ton, Tanker, partial load, 20 tons Gill thruster
Ship file no: 591
Run Id:

Zig-Zag Maneuvering Characteristics:

Approach Speed (knots): 12.00
RPM: 70.09
Ship Length, L, (m): 278.90
Time to reach head. change (see): 89.47
Overshoot Angle (degrees): 15.15

. Total Heading Change (degrees):
40 –

35.15

G Width of Path at Execute (m): 31.05
g

Overshoot Width of Path (m): 575.34

Total Width of Path (m):
!Y

606.39

Reach (seconds): 327.46
c

2nd Overshoot Heading Angle (deg.): 17.38
~ 20- ------- --

M
3rd Overshoot Heading Angle (deg.): 15.62

!

z
Period (seconds): 603.54

: 4th Overshoot Heading Angle (deg.):

%

14.31

‘cl
:
I

~ Water depth: Deep

g) I
I
I,-

J I
Heading Angle------ ------ --

lx ----- ----- Rudder Angle

-40 / I I I I I I I
o 200 400 600 800 1000 1200 1400

Time in Seconds
Date: 16-Feb-99 Time: 11:30:39
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Stopping Maneuver Trajectory

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

Stop Maneuvering Characteristics

Rudder Angle (degrees):
Approach Speed (knots):
Final RPM:
Ship Length, L, (m):
T90 (sees):
T180 (sees):
Advance (m):
AdvancefL:
Transfer (m):
Transfer/L:
Tactical Diam., TD (m):
Nomdim. Tactical Diam., TD/L:
Time to Stop Ship, T, (sees):
Advance in Stop (m):
Advance in stop/L:
Transfer in Stop (m):
Transfer in stoplL:

0.00L

16.00

–62.45

278.90

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

886.25

3220.34

11.55

23.38

0.08

Water depth: Deep

o I
I I I

H-1
I I I I I I I I I

-4 -2 2 4 6 8

I Side Reach in Ship Lengths

Date: 16-Feb-99 Time: 11:31:40



Pi
0000
0000
... .
Owoo

deco
I-II

mmcomo
Ou)odo
. . . . .
Inl-iour
I- II-l *CO
m m

i

,/
iI

/
,/”

,/’

/’

,/”
//’

I I I
0
0 w 0 VI

F m m 0
l-l

/“



.:
\.’

,.
, .4 .{

!.

,!

APPENDXI1

RAO’s for Tanker

Heading 180, 150, 120,90,60,30,0 degrees at zero ship speed
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[
Draft to depth ratio, hlt = 3.64

Non Dimensional Ship Motions

Ship file: 0591
Shipid: 150,000 ton, Tanker, partial load, 20 tons Gill thruster
Heading (degrees) = 180.0
Ship speed (knots). = “ “U.u

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

0.741 0.741
0.657 0.657
0.593 0.593
0.495 0.495
0.423 0.423
0.368 0.368
0.324 0.324
0.289 0.289
0.261 0.261
0.237 0.237
0.393 0.193
0.162 0.162
0.140 0.140
0.123 0.123
0.099 0.099

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 9.27
0.05 -28.85
0.05 -85.58
0.29 -112.33
0.47 -104.20
0.58 -99.93
0.66 -97.55
0.71 -96.09
0.75 -95.11
0.78 -94.41
0.84 -93.33
0.87 -92.69
0.89 -92.26
0.91 -91.96
0.93 -91.58

Surge
Xlh 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
Shinid: 150,000 ton. Tanker, partial load, 20 tons Gill thruster
Hea&.n9 (degrees) = 150:o-
Ship s~eed (knots) = - -

molion.out Page 2

U.u

Wave L./
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

Wave L./
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

Omegae
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

Omegae
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
2piis

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

Heave
zlh Phase

0.04 136.52
0.10 90.07
0.13 75.55
0.20 13.34
0.38 1.68
0.51 0.18
0.60 -0.05
0.67 -0.05
0.72 -0.03
0.75 ,Jo.ol
0.82 0.01
0.85 0.02
0.88 0.02
0.90 0.02
0.92 -0.01

Sway
ylh

0.02 -
0.04
0.03
0.05
0.11
0.20
0.29
0.36
0.43
0.50
0.66
0.82
0.96
1.10
1.34

Phase

-50.71
-7.30
25.52
87.87
84.83
85.69
87.30
88.30
89.00
89.41
89.37
88.65
88.84
88.98
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
filkh 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

Viscous contributions for roll motion, Kappa4 = 1.50

,,

Surge
Xlh Phase

0.02 81.22
0.05 88.74
0.04 110.92
0.10 -110.60
0.26 -98.16
0.42 -92.71
0.58 -88.94
0.73 -85.91
0.88 -83.29
1.00 -80.95
1.00 -75.82
1.00 -71.37
1.00 -67.37
1.00 -63.72
1.00 -57.27

Yaw
psilkh Phase

0.01 1.34
0.01 119.06
0.04 165.96
0.12 174.09
0.20 177.49
0.27 179.69
0.32 -179.05
0.38 -178.05
0.43 -177-29
0.48 -176.62
0.61 -175.62
0.73 -174.74
0.85 -173.31
0.97 -171.93
1.19 -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) = 120.0
Ship speed (knots) = 0.0

Wave L,/
Ship L,

0.40
0.50
0.60
0.80
1.OO
1.20
1,40
1,60
1.80
2.00
2.50
3.00
3,50
4.00
5,00

Wave IJ./
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

Omegae
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

Omegae
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

Heave
z/h Phase

0.06 3.44
0.16 -38.53
0.37 -38.38
0.66 -16.76
0.75 -7.60
0.80 -3.96
0.82 -2.28
0.84 -1.40
0.86 -0.90
0.87 .-0.61
0.89 -0.27
0.91 -0.13
0.92 -0.07
0.93 -0.04
0.94 -0.04

Sway
ylh Phase

0.04 54.53
0.09 117.94
0.14 130.53
0.18 106.84
0.33 88.10
0.50 87.32
0.64 88.42
0.77 89.32
0.88 89.92
0.99 90.24
1.25 90.01
1.50 89.16
1.74 89.28
1.97 89.38
2.38 89.50

Pitch
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
filkh 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

Surge
Xlh 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
0-96 ‘-62.02
1.00 -56.53
1.00 -51.77
1.00 -47.62
1.00 -40.80

Yaw
psi/kh Phase

0.05 171.49 ‘
0.10 174.35
0.15 176.59
0.23 179.68
0.29 -177.95
0.34 -176.45
0.38 -175.28
0.43 -174.17
0.48 -173.24
0.52 -172.37
0.65 -170.73
0.77 -169.15
0.89 -166.99
1.02 -164.87
1.25 -160.79

Viscous contributions for roll motion, Kappa4 = 1.50
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I Non Dimensional Ship Motions

Ship file: 0591
Shipid: 150,000 ton, Tanker, partial load, 20 tons Gill thruster
Heading (degrees) = 90.0
Ship speed (knots) =

Wave L./
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

Wave L./
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

Omegae
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

Omegae
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

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
Zlh 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

ylh 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 -16.11
0.02 2.11
0.03 41.18
0.03 109.82
0.02 139.74
0.02 153.36
0.01 160.78
0.01 165.31
0.01 168.34
0.01 170.48
0.01 173.64
0.01 175.51
0.01 176.65
0.00 177.40
0.00 178.45

Roll
filkh Phase

0.69 -170.48
0.98 -165.58
1.37 -157.16
1.90 -134.12
1.96 -112.13
1.77 -99.43
1.56 -93.65
1.41 -90.57
1.31 -88.72
1.24 -87.69
1.13 -87.47
1.06 -88.73
1.01 -88.42
0.97 -88.18
0.92 -87.87

Viscous contributions for roll motion, Kappa4 = 1.50

Surge
xlh 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 -65.05
0.01 -73.95
0.01 -85.25
0.02 -90.71
0.03 -84.66
0.03 -82.99
0.04 -82.65
0.05 -82.39
0.07 -82.56
0.08 -83.70
0.13 -87.24
0.19 -90.10
0.25 -90.07
0.32 -90.05
0.49 -90.03
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,.
,...Non Dimensional Ship Motions

Ship file: 0591
Shipid: 150,000 ton, Tanker, partial load, 20 tons Gill thruster
Headina (degrees) = 60.0

Surge

Ship s~eed jknotk) = - -0.0

Pitch
Theta/kh Phase

Wave L,/
Ship L.

Omegae
2pi/s

Omega
2pi/s

Heave
zlh Phase

0.04 29.15
0.10 -22.92
0.25 -41.21
0.59 -23.81
0.73 -11.43
0.79 -6.11
0.82 -3.59
0.84 -2.26
0.86 -1.49
0.87 .-1.03
0.89 -0.49
0.91 -0.25
0.92 -0.14
0.93 -0.09
0.94 -0.07

xlh 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

0.01
0.02
0.06
0.16
0.26
0.35
0.43
0.52
0.61
0.71
0.42
0.34
0.27
0.22
0.16

-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

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

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

0.741
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./
Ship L.

Omegae
2pi/s

Omega
2pi/s

Sway

ylh Phase

0.04 57.91
0.09 121.12
0.14 134.08
0.19 113.17
0.33 92.95
0.50 90.75
0.64 91.15
0.76 91.70
0.87 92.05
0.98 92.20
1.25 91.65
1.50 90.57
1.74 90.50
1.97 90.46
2.38 90.38

Roll
filkh Phase

Yaw
psi/kh Phase

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

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

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

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 -87.7’2

0.05 0.41
0.10 -0.41
0.15 -0.10
0.23 -0.25
0.29 -0.58
0.34 -1.04
0.39 -1.72
0.44 -2.48
0.49 -3.44
0.54 -4.55
0.65 -7.77
0.77 -10.86
0.89 -13.02
1.02 -15.13
1.25 -19.21

0.140
0.123
0.099

Viscous contributions for roll motion, Kappa4 = 1.50
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I Non Dimensional Ship Motions

Ship file: 0591
ShiDid: 150,000 ton, Tanker, partial load, 20 tons Gill thruster
Heading (degrees) = 30.0”
Ship speed (knots) = “ -U.(J

Wave L./
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

Wave L,/
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

Omegae
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

Zpils

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

Heave
zlh 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

ylh 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
filkh 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

Viscous contributions for roll motion, Kappa4 = 1.50

.

Surge
xlh Phase

0.02 -81.22
0.05 -88.74
0.04 -110.92’
0.10 110.60
0.26 98.16
0.42 92.71
0.58 88.94
0.73 85.91
0.88 83.29
1.00 80.95
0.14 75.82
0.11 71.37
0.09 67.37
0.08 63.72
0.06 57.27

Yaw
psilkh 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

I.
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Non Dimensional Ship Motions

Shin file: 0591
Shi~id: 150,000 ton, Tanker, partial load, 20 tons Gill th~ster
Heading (degrees) = O.o-
Ship speed (knots) =

Wave L,/ 0me9ae Omega
Ship L. 2pi/s 2pi/s

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

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

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 -130.58
0.05 175.80
0.05 133.50
0.27 84.74
0.47 89.96
0.58 92.21
0.66 93.01
0.71 93.24
0.75 93.24
0.79 93.13
0.84 92.75
0.87 92.39
0.89 92.10
0.91 91.86
0.93 91.49

,-

Surge
xlh 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 74.77
0.34 71.00
0.28 67.55
0.22 61.41

———— —.=-—-. —..- . ..=--.?-. .. .. . . . .... -.
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APPENDIX1lI

RAO’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

Won Dimensional Traffic Ship Motions

Ship file: 1000
Shipid: Suction Mooring Sys
Heading (degrees) = 180.0
-. ! . . . . . --

-snipspeea (Knots) =

Wave L./
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

Omegae
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
2pils

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

U.u

Heave
zIll 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/l& Phase

0.00 89.08
0.00 77.57
0.00 -85.55
0.01 -90.23
0.04 -93.11
0.07 -96.62
0.11 -100.75
0.15 -104.74
0.19 -107.45
0.25 -108.25
0.38 -104.84
0.47 -100.42
0.54 -97.40
0.59 -95.48
0.66 -93.35

Surge
xlh 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

~
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hlon Dimensional Traffic Ship Motions

Ship file: 1000

Shipid: Suction Mooring Sys
Heading (degrees) = 150.0
Ship speed (knots) =

Wave L,/
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

Wave L./
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

Omegae
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

Omegae
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

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

ylh 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
fi/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

Viscous contributions for roll motion, Kappa4 = 1.50

.

Surge
xlh Phase

0.01 137.04
0.04 -98.39
0.05 -56.97
0.12 43.93
0.20 66.38
0.20 73.80
0.15 75.72
0.08 68.45
0.03 -14.37
0.09 -65.27
0.27 -71.45
0.41 -68.82
0.53 -65.46
0.63 -62.12
0.79 -55.94

Yaw
psilkh Phase

0.00 14.23
0.00 27.62
0.00 -163.65
0.02 -160.00
0.05 -158.27
0.09 -157.29
0.12 -157.25
0.16 -157.21
0.19 -157.88
0.21 -159.14
0.27 -161.96
0.31 -164.45
0.35 -166.55
0.39 -168.35
0.44 -170.79

. . . -. .---— ..—.—.—..-.., .-.—.—..--.-=. m.-..x. . —.—- .-=.



Wan Dimensional ‘TrafficShip Motions

Ship file: 1000
Shipid: Suction Mooring Sys
Heading (degrees) = 120.0
Ship speed (knots) = - “U.u

Wave L./
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

Wave L./
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

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

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

Heave
Zlh 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

ylh 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
filkh 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
0.92 -63.15
1.17 -64.78
1.69 -67.49

Viscous contributions for roll motion, Kappa4 = 1.50

.

Surge
xlh Phase

0.01 -47.24
0-00 -40.00
0.02 -65.95
0.07 61.50
0.26 94.32
0.42 106.53
0.51 115.04
0.53 122.12
0.52 128.49
0.49 134.49
0.38 149.35
0.27 167.09
0.18 -165.68
0.15 -123.38
0.27 -65.97

Yaw
psi/kh Phase

0.00 -166.88
0.00 -164.37
0.01 -162.50
0.04 -159.75
0.08 -158.16
0.11 -157.24
0.15 -157.20
0.18 -157.18
0.21 -157.87
0.23 -159.12
0.28 -161.93
0.33 -164.43
0.36 -166.54
0.39 -168.35
0.44 -170.79
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I h~~nDimensional Traffic Ship Motions

Ship file: 1000
Shipid: Suction Mooring SYS
Heading (degrees) = 90.0
Ship speed (knots) =

Wave L./
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

Wave L,/
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

Omegae
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

Omegae
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

0.0

Heave
Zlh Phase

0.00 -0.32
0.01 -0.59
0.02 -0.96
0.05 -2.01
0.08 -3.51
0.12 -5.51
0.15 -7.93
0.19 -10.50
0.23 -12.78
0.28 .-14.27
0.39 -13.95
0.49 -10.88
0.56 -8.08
0.61 -6.07
0.68 -3.73

Sway
ylh Phase

0.01 106.55
0.03 109.03
0.05 111.08
0.13 114.17
0.22 116.11
0.30 116.84
0.37 117.16
0.43 117.45
0.49 117.10
0.54 116.05
0.63 112.76
0.71 110.06
0.78 106.93
0.84 104.34
0.94 100.53

Pitch
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

Viscous contributions for roll motion, Kappa4 = 1.50

,

Surge
Xlh Phase

0.01 180.00
0.01 180.00
0.01 -180.00
0.04 180.00
0.13 180.00
0.26 180.00
0.38 180.00
0.47 180.00
0.52 180.00
0.55 180.00
0.55 180.00
0.48 180.00
0.38 180.00
0.27 -180.00
0.06 -180.00

Yaw
psilkh Phase

0.00 176.60
0.00 -164.84
0.00 -173.49
0-00 168.13
0.00 163.97
0.00 -158.11
0.00 -155.94
0.00 173.73
0.00 -151.23
0.00 170.31
0.00 136.70
0.00 -179.95
0.00 -154.24
0.00 -156.02
0.00 -81.06

r,
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NTonDimensional Traffic Ship Motions
.’

Ship file: 1000
Shipid: Suction Mooring Sys
Heading (degrees) = 60.0
Ship speed (knots)

Wave L./
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

Wave L./
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

Omegae
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

Omegae
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

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

Heave
zlh 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

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 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
filkh 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
0.92 -63.15
1.17 -64.78
1.69 -67.49

Viscous contributions for roll motion, Kappa4 = 1.50

xlh Phase

0.01 47.24
0.00 40.00
0.02 65.95
0.07 -61.50
0.26 -94.32
0.42 -106.53
0.51 -115.04
0.53 -122.12
0.52 -128.49
0.49 -134.49
0.38 -149.35
0.27 -167.09
0.18 165.68
0.15 123.38
0.27 65.97

Yaw
psi/kh Phase

0.00 13.12
0.00 15.63
0.01 17.50
0.04 20.25
0.08 21.84
0.11 22.76
0.15 22.80
0.18 22.82
0.21 22.13
0.23 20.88
0.28 18.07
0.33 15.57
0.36 13.46
0.39 11.65
0.44 9.21

—.



*lOnDimensional Traffic Ship Motions

Ship file: 1000
Shipid: Suction Mooring Sys
Heading (degrees) = 30.0
Ship speed (knots)

Wave L./
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

Wave L./
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

Omegae
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

Onegae
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

0.0

Heave
zlh 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 13.7.94
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 -92.81
0.00 94.91
0.00 91.15
0.02 88.70
0.04 86.03
0.07 82.56
0.10 78.45
0.14 74.52
0.18 71.93
0.22 71.26
0.34 74.92
0.42 79.46
0.48 82.52
0.52 84.47
0.58 86.63

Roll
filkh 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

Viscous contributions for roll motion, Kappa4 = 1.50

Surge
x/h Phase

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

7137.04
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
psilkh Phase

0.00 -165.77
0.00 -152.38
0.00 16.35
0.02 20.00
0.05 21.73
0.09 22.71
0.12 22.75
0.16 22.79
0.19 22.12
0.21 20.86
0.27 18.04
0.31 15.55
0.35 13.45
0.39 11.65
0.44 9-21

?r,

!
t

‘,

:’

,
.,.

..

,.

<

,.

..

t,.

f
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i.
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I nkJn Dimensional Traffic Ship Motions

Ship file: 1000
Shivid: Suction Mooring SYS
Heading (degrees) = ‘o.o
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

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

Heave
Zlh 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 -90.92
0.00 -102.43
0.00 94.45
0.01 89.77
0.04 86.89
0.07 83.38
0.11 79.25
0.15 75.26
0.19 72.55
0.25 71.75
0.38 75.16
0.47 79.58
0.54 82.60
0.59 84.52
0.66 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

—



APPENDZXIV

SIMULATIONRESULTS

Run#lOto Run#34
Hands-On Simulation
Log Report of Ship Handling
Simulation Track Plot



HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 10 Date: 3 February 1999
Start Time: 08:39
Length of run [sees]: 1808

Ship Condition: draft =13.72 m

Environment
Wind Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . . . o Direction: O

Sea State, Significant wave height [m]:.. o Direction: O

Current Speed &nets] :. . . . . . . . . . . . . . . . . . . . .. o Direction: O

Ship Operator: J.A. Observer: B.K,J & J.K.

Final Mating, distance between center of buoy and center of moon pool [m]: 4.1

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 o~set some left set (The thruster was I degree ofl. On the~nal 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.
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Ship : 591
Exercise number: 750
~cenario: 110
g file: 999
taffic ships: 590
Initial conditions: 590
?+ercise identification:

Time Position (m)

Shiphandling Simulator Exercise date & time: 03-Feb-99
08:39:35

150,000 ton, Tanker, partial load
Suction Mooring Systern
Open Ocean
Dummy tug file based on containership
Suction Mooring Buoy
150k tanker in partial load - Suction Mooring

f2u@*/o

RPM Speed (Knots) Turn Rudder Gill Wind Current
HH:MM:SS East North Port Stbd Long - Bow Stern Heading 13egfMin Deg % Deg Knots Deg Xnots Deg
----------------------------------------------------------------------------------------------------------------------------

00:08:20
00:08:30
00:06:40
00:08:50
00:09:00
00:09:10
00:09:20
00:09:30
00:09:40
00:09:50
00:10:00
00:10:10
00:10:20
00:10:30
00:10:40
00:10:50
00:11:00
00;11:10
00:11:20
00:11:30
00:11:40
00:11:50
00:12:00
00:12:10
00:12:20
00:12:30
00:12:40
00:12:50
QO:13:O0

:13:10
.J:13;20
00:13:30
00:13:40
00:13:50
00:14:00
00:14:10
00:14:20
00:14:30
00;14:40
00:14:50
00;15:00
00:15:10
00:15:20
00;15:30
00:15:40
00:15:50
00;16:00
00:16:10
00:16:20
00:16:30
00:16:40
00:16:50
00:17:00
00:17:10
00:17:20
00:17:30
00:17:40
00:17:50
00:18:00
00:18:10
00;18:20
00:18:30
00;18:40
00:18:50
00;19:00
00:19:10
DO:19:20
~:19:30
;19:40

ulJ:19:50
00:20:00
00:20:10
00:20:20

-1
-1
-1
-1
-1
-1
-1
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-1
-1
-1
-1
-1
-1
-1
-1
-1

-1033
-1018
-1003
-989
-974
-960
-946
-932
-919
-905
-892
-879
-866
-854
-841
-829
-817
-806
-794
-782
-770
-758
-746
-734
-722
-711
-699
-687
-675
-663
-651
-640
-628
-617
-606
-596
-585
-575
-565
-554
-544
-534
-524
-514
-504
-494
-485
-475
-465
-456
-446
-437
-427
-418
-409
-400
-391
-382
-373
-364
-355
-347
-339
-330
-323
-315
-307
-300
-293
-286
-279
-272
-266

26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2.95
2.91
2.87
2.82
2.78
2.74
2.70
2.66
2.62
2.58
2.54
2.50
2.46
2.42
2.38
2.34
2.31
2.28
2.28
2.29
2.30
2.32
2.32
2.32
2.33
2.33
2.33
2.32
2.30
2.29
2.25
2.21
2.17
2.13
2.09
2.06
2.03
2.01
2.00
1.98
1.97
1.96
1.94
1.93
1.92
1.90
1.89
1.88
1.86
1.85
1.84
1.82
1.81
1.80
1.79
1.77
1.76
1.75
1.73
1.69
1.65
1.62
1.58
1.55
1.52
1.48
1.45
1.42
1.39
1.35
1.32
1.29
1.25

0.02
0.02
0.02
0.01
0.01
0.01
0.00
0.00

-0.01
-0.01
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.01
-0.01
-0.01
0.00
0.00
0.00
0.02
0.04
0.06
0.07
0.06
0.03
0.00

-0.02
-0.04
-0.06
-0.07
-0.07
-0.05
-0.04
-0.02
0.00

-0.01
-0.02
-0.02
-0.02
-0.03
-0.03
-0.03
-0.02
-0.02
0.00
0.02
0.04
0.06
0.06
0.05
0.05
0.05
0.03
0.00
-0.03
-0.05
-0.07
-0.06
-0.06
-0.06
-0.07
-0.07
-0.07
-0.04
-0.02
0.01
0.03
0.05

-0.03
-0.04
-0.04
-0.04
-0.04
-0.03
-0.03
-0.02
-0.02
-0.01
0.00
0.00
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.00
0.00

-0.01
-0.02
-0.05
-0.09
-0.12
-0.14
-0.14
-0.11
-0.07
-0.03
0.01
0.05
0.07
0.08
0.06
0.03
0.00

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

-0.04
-0.08
-0.11
-0.12
-0.11
-0.12
-0.12
-0.10
-0.06
-0.01
0.03
0.06
0.06
0.06
0.07
0.09
0.10
0.09
0.06
0.02

-0.02
-0.06
-0.09

360
360
-360
360
000
000
000
000
000
000
000
000
000
000
000
000
360
360
360
360
360
360
360
360
360
000
000
000
001
001
001
001
001
001
001
001
000
000
000
000
000
000
000
000
.000
000
000
360
360
360
360
000
000
000
001
001
001
001
001
001
001
001
001
001
001
000
000
000
360
360
360
360
000

0.292
0.335
0.351
0.340
0.307
0.257
0.192
0.121
0.046
-0.022
-0.085
-0.140
-0.181
-0.206
-0.216
-0.211
-0.193
-0.164
-0.127
-0.083
-0.039
0.011
0.055
0.122
0.489
0.854
1.136
1.320
1.266
0.883
0.461
0.041
-0.348
-0.684
-0.949
-0.986
-0.724
-0.431
-0.133
0.075

-0.020
-0.130
-0.228
-0.305
-0.356
-0.382
-0.383
-0.360
-0.311
0.003
0.418
0.776
1.060
1.090
1.003
1.076
1.079
0.841
0.372

-0.084
-0.503
-0.827
-0.816
-0.712
-0.857
-0.994
-1.062
-1.014
-0.653
-0.228
0.181
0.548
0.855

3.3
2.1
1.1
0.4

-0.7
-1.8
-2.3
-2.9
-2.8
-2.8
-2.8
-2.2
-1.6
-1.0
-0.5
0.1
0.7
1.2
1.8
1.7
2.3
2.2
1.7
9.3

18.9
16.4
13.5
9.5
-7.7

-15.6
-17.1
-18.0
-17.3
-15.4
-13.0

4.6
10.6
12.1
13.0
1.6
-5.1
-5.0
-4.4
-3.8
-2.6
-1.5
-0.3
0.8
4.7

20.3
19.4
17.5
14.5
-4.5
7.8
4.9
1.5

-17.5
-21.0

98.0
98.0
98.0
98.0
98.0
98.0
98.0
98.0
98.0
98.0
98.0
98.0
98.0
98.0
98.0
98.0
98.0
52.0
52.0
25.0
25.0
50.0
50.0
50.0
50.0
50.0
50.0
75.0
75.0
75.0
99.0
99.0
99.0
99.0
99.0
99.0
77.0
77.0
77.0
77.0
77-0
77.0
77.0
77.0
77.0
77.0
77.0
77.0
77.0
77.0
77.0
77.0
77.0
77.0
77.0
77.0
77.0
77.0
LOO.O

-20.8 100.0
-19.9 100.0
-10.5 100.0
2.9 100.0

-1.7 100.0
-10.6 100.0
-7.6 100.0
-4.2 100.0
7.4 100.0
19.1 100.0
20.5 100.0
20.1 100.0
18.6 .100.0
16.1 100.0

181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
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Time Position (m) RP14 Speed (woes)
HH:14M:SS

Turn Rudder Gill Nind Current
East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Xnots Deg

----------------------------------------------------------------------------------------------------------------------------

00:20:30
‘:20:40
,:20:50

00:21;00
00;21:10
00:21:20
00:21:30
00:21:40
00:21:50
00:22:00
00:22:10
00:22:20
00:22:30
00:22:40
00:22:50
00:23:00
00:23:10
00:23:20
00:23:30
00:23:40
00:23:50
00:24:00
00:24:10
00;24 :20
00;24:30
00:24:40
00:24;50
00;25:00
00;25:10
00;25;20
00:25:30
00:25:40
00;25:50
00:26:00
00:26:10
00:26:20
00:26:30
00:26:40
00:26:50

:27:00
,:27:10

00:27:20
00:27:30
00:27:40
00:27:50
00:28:00
00:28:10
00:28:20
00:28:30
00:28:40
00:28:50
00:29:00
00:29:10
00:29:20
00:29:30
00:29:40
00:29:50
00;30:00

-1
-1
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-2
-1
-2
-2
-2
-2
-2
-2
-2
-3
-3
-3
-3
-3
-3
-4
-4
-4
-4
-4
-3
-3
-3
-3
-3
-2
-2
-2
-2
-2
-2
-2
-3
-3
-3
-3
-4

-259. 26
-253
-247
-241
-235
-230
-224
-219
-214
-209
-204
-200
-195
-191
-187
-182
-179
-175
-171
-168
-164
-161
-158
-155
-152
-150
-147
-145
-143
-141
-139
-137
-135
-133
-131
-129
-127
-125
-123
-121
-119
-118
-116
-114
-113
-111
-109
-108
-106
-105
-104
-102
-101
-1oo
-99
-98
-97
-96

26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1.22
1.19
1.16
1.13
1.10
1.07
1.04
1.01
0.98
0.95
0.92
0.89
0.86
0.83
0.80
0.77
0.75
0.72
0.69
0.66
0.64
0.61
0.58
0.55
0.53
0.50
0.47
0.44
0.41
0.39
0.36
0.37
0.39
0.40
0.39
0.37
0.37
0.37
0.36
0.36
0.35
0.34
0.33
0.32
0.32
0.31
0.31
0.29
0.27
0.26
0.26
0.25
0.24
0.24
0.23
0.20
0.14
0.06

0.06
0.06
0.07
0.06
0.06
0.05
0.03
0.02
0.00

-0.01
-0.03
-0.04
-0.05
-0.06
-0.07
-0.07
-0.07
-0.06
-0.06
-0,05
-0.05
-0.06
-0.04
-0.03
-0.02
0.00
0.03
0.05
0.07
0.08
0.08
0.08
0.07
0.06
0.05
0.03
0.01

-0.01
-0.03
-0.06
-0.10
-0.13
-0.17
-0.20
-0.22
-0.22
-0.20
-0.16
-0.12
-0.08
-0.04
0.00
0.04
0.08
0.-11
0.15
0.20
0.26

-0.11
-o.1~

-0.14
-0.14
-0.14
-0.12
-0.10
-0.08
-0.06
-0.03
-0.01
0.01
0.03
0.04
0.05
0.06
0.06
0.06
0.05
0.04
0.04
0.05
0.03
0.01

-0.01
-0.04
-0.09
-0.13
-0.16
-0.18
-0.19
-0.19
-0.17
-0.16
-0.13
-0.11
-0.08
-0.05
-0.02
0.03
0.09
0.15
0.21
0.26
0.31
0.31
0.29
0.23
0.16
0.09
0.02

-0.04
-0.10
-0.16
-0.22
-0.27
-0.32
-0.35

000
000
001
001
001
001
001
002
002
002
002
002
-002
001
001
001
001
001
001
001
001
001
000
000
000
000
000
001
001
001
001
002
002
002
002
003
003
003
003
003
003
002
002
002
001
000
360
359
359
359
359
359
359
359
359
’360
000
001

1.090
1.244
1.314
1.302
1.216
1.066
0.867
0.633
0.379
0.124
-0.125
-0.344
-0.529
-0.671
-0.765
-0.808
-0.803
-0.754
-0.666
-0.547
-0.591
-0.670
-0.473
-0.244
-0.019
0.295
0.781
1.181
1.477
1.659
1.727
1.694
1.578
1.391
1.149
0.866
0.564
0.261

-0.034
-0.547
-1.184
-1.794
-2.376
-2.927
-3.338
-3.398
-3.105
-2.484
-1.743
-1.040
-0.367
0.279
0.901
1.496
2.062
2.647
3.316
3.890

13.0 100.0
9.5 100.0
5.4 100.0
1.4 100.0

-2.4 100.0
-5.7 100.0
-8.3 100.0
-10.3 100.0
-11.7 100.0
-12.0 100.0
-11.8 100.0
-10.8 100.0
-9.4 100.0
-7.5 100.0
-5.1 100.0
-2.7 100.0
0.1 100.0
2.4 100.0
4.5 100.0
6.0 100.0

-10.2 100.0
3.3 100.0
11.1 100.0
11..8 100.0
11.9 100.0
26.0 100.0
26.2 100.0
21.7 100.0
16.6 100.0
11.3 100.0
5.6 75.0
0.8 52.0

-3.7 52.0
-7.5 52.0

-10.8 99.0
-12.9 77.0
-14.2 77.0
-14.4 77.0
-17.5 77.0
-35.0 77.0
-35.0 77.0
-35.0 77.0
-35.0 77.0
-35.0 77.0
-21.3 77.0
-2.3 77.0
16.7 77.0
35.0 100.0
35.0 76.0
35.0 76.0
35.0 76.0
35.0 76.0
35.0 76.0
35.0 76.0
35.0 76.0
35.0 76.0
35.0 0.0
35.0 0.0

181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181
181

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
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: 11 Date: 3 February 1999
Start Time: 09:24
Length of run [sees]: 2156

Ship Condition: draft =13.72 m

Environment
Wind Speed [knots] :. .. . . . . . . . . . . . . . . . . . . . . . o Direction: O

Sea State, Significant wave height [m]:.. o Direction O

Current Speed [knots] :. . . . . . . . . . . . . . . . . . . . .. o Direction: O

Ship Operator: J.A. Observer: B.K.J & J.K.

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

Evaluation:

Everything went well. Started deceleration immediately by reducing RPMto 25 and
using full reverse thruster. In the latter part of the approach the captain made several
small heading a@stments. Deceleration was done in the following way: 3 knots at 1000
mfiom 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 ofi

_—— ——— .... ——.--.. ———————-——-—— -—-- -- -——..-. .—
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Shiphandling Simulator Sxercise date k 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

B

g file: 999 Dummy tug file based on containership
affic ships: 590 Suction Mooring BUOY

Initial conditions: 590 150k tanke in partial load - Suction Mooring
Exercise identification: R(UJ *h

Time Position (m) RPM Speed (Knots) Turn Rudder
HH:MM;SS

Gill Wind Current
East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg

------------- ------------------- ------------------------------------------------ --------------------------------------------

00:13:20
00:13:30
00:13:40
00:13;50
00:14:00
00:14:10
00:14:20
00:14:30
00:14:40
00:14:50
00:15:00
00:15:10
00:15:20
00:15:30
00:15:40
00:15:50
00:16:00
00;16:10
00:16:20
00:16:30
00:16:40
00:16:50
00:17:00
00:17:10
00:17:20
00:17:30
00:17:40
00:17:50
00:18:00

1

:18:10
:18:20

00:18:30
00:18:40
00:18:50
00:19:00
00:19:10
00:19:20
00:19:30
00:19:40
00:19:50
00:20:00
00:20:10
00:20:20
00;20:30
00:20:40
00:20:50
00:21:00
00:21:10
00:21:20
00:21:30
00;21:40
00:21:50
00;22:00
00:22:10
00:22:20
00:22:30
00:22:40
00;22:50
00:23:00
00:23:10
00:23:20
00:23:30
00;23:40
00:23:50
00:24:00
00:24:10
00:24:20

k

:24:30
24:40
:24:50

DO:25:O0
00:25:10
00:25:20

0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
0
0
0
0
0
0
1
1
1
1
1
1
2
2
2
2
2
2
2

-789
-“)76
-764
-752
-740
-728
-716
-704
-692
-681
-669
-658
-646
-635
-624
-613
-602
-592
-581
-571
-561
-551
-542
-532
-523
-514
-505
-497
-488
-480
-472
-464
-456
-448
-441
-434
-426
-420
-413
-406
-400
-393
-387
-381
-375
-370
-364
-359
-354
-349
-344
-339
-334
-330
-326
-322
-318
-314
-310
-306
-302
-298
-294
-290
-286
-282
-279
-275
-2’71
-267
-263
-260
-256

26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2.39
2.38
2.36
2.35
2.33
2.32
2.30
2.29
2.27
2.26
2.25
2.23
2.22
2.18
2.14
2.10
2.06
2.03
1.99
1.95
1.92
1.88
1.84
1.81
1.77
1.74
1.70
1.67
1.63
1.60
1.56
1.53
1.50
1.46
1.43
1.40
1.37
1.33
1.30
1.27
1.24
1.21
1.18
1.15
1.12
1.09
1.05
1.02
0.99
0.96
0.93
0.90
0.87
0.84
0.82
0.79
0.78
0.77
0.77
0.77
0.76
0.76
0.76
0.75
0,75
0.74
0,74
0,74
0.73
0,73
0.73
0,73
0.72

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
0.00
0.00
0.00
0.00
0.00
-0.01
-0.03
-0.03
-0.02
-0.01
0.00
0.01
0.02
0.03
0.04
0.03
0.01
0.00
-0.01
0.00
-0.01
-0.02
-0.03
-0.03
-0.03
-0.03
-0.03
-0.02
-0.01
0.00
0.01
0.04
0.06
0.08
0.10
0.11
0.11
0.11
0.10
0.09
0.07
0.05
0.03
0.01

-0.01
-0.02
-0.03
-0.06
-0.08
-0.10
-0.11
-0.11
-0.10
-0.09
-0.07
-0.05
-0.03
-0.01

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
0.00
0.00
0.01
0.01
0.01
0.03
0.07
0.07
0.06
0.04
0.03
0.01
-0.01
-0.02
-0.03
-0.03
0.00
0.03
0.04
0.03
0.04
0.06
0.07
0.09
0.09
0.09
0.09
0.08
0.07
0.06
0.04

-0.01
-0.05
-0.09
-0.12
-0.14
-0.15
-0.15
-0.14
-0.12
-0.10
-0.07
-0.04
-0.01
0.02
0.04
0.07
0.11
0.15
0.18
0.20
0.21
0.21
0.19
0.17
0.14
0.10
0.07

360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
359
359
359
359
359
359
359
359
359
359
359
359
359
359
360
360
000
000
001
001
001
001
001
001
001
001
000
000
360
359
359
359
358
358
358
358

0.002
-0.008
-0.004
0.000
0.003
0.006
0.000

-0.005
-0.002
0.001
0.004
0.002

-0.005
-0.001
0.002
0.006
-0.004
-0.107
-0.096
-0.080
-0.288
-0.616
-0.675
-0.515
-0.336
-0.151
0.033
0.199
0.341
0.452
0.372
0.067
-0.222
-0.366
-0.235
-0.298
-0.490
-0.639
-0.739
-0.788
-0.787
-0.740
-0.654
-0.535
-0.395
-0.188
0.277
0.723
1.095
1.377
1.559
1.638
1.618
1.507
1.320
1.073
0.785
0.474
0.160
-0.144
-0.414
-0.651
-1.082
-1.497
-1.795
-1.969
-2.018
-1.951
-1.781
-1.525
-1.206
-0.844
-0.464

0.0 75.0
0.5 75.0
0.6 75.0
0.6 75.0
0.6 75.0
0.6 75.0
0.0 75.0
0.6 75.0
0.6 75.0
0.6 75.0
0.6 75.0
0.0 75.0
0.6 100.0
0.6 100.0
0.6 100.0
0.6 100.0
0.0 100.0

-0.5 100.0
0.6 100.0
0.2 100.0

-16.1 100.0
-13.9 100.0

5.1 100.0
7.1 100.0
8.1 100.0
8.5 100.0
9.0 100.0
8.3 100.0
7.6 100.0
6.4 100.0

-11.3 100.0
-13.6 100.0
-13.3 100.0

1.5 100.0
6.5 100.0

-10.4 100.0
-9.1 100.0
-7.3 100.0
-5.0 100.0
-2.6 100.0
-0.4 100.0
1.8 100.0
4.0 100.0
5.6 100.0
7.2 100.0

17.6 100.0
25.0 100.0
23.4 100.0
20.1 100.0
15.8 100.0
11.0 100.0
6.3 100.0
1.2 100.0

-3.2 100.0
-7.5 100.0

-10.6 100.0
-13.0 74.0
-14.8 74.0
-15.4 74.0
-15.0 74.0
-13.4 74.0
-15.8 74.0
-26.5 74.0
-21.8 74.0
-16.3 74.0
-10.4 74.0
-4.2 74.0
1.4 74.0
6.8 74.0

11.5 74.0
14.9 74.0
17.7 74.0
18.8 74.0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
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u~.aau,, rqy L

Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind
HH :WN:SS

Current
East North Port Stbd Long Bow Stern Heading DeglMin Deg % Deg Knots Deg Knots Deg

----------------------------------------------------------------------------------------------------------------------------

00;25:30 2 -252 26 0

D

0.72 0.02 0.03 358 -0.086 19.3 74.0 180 0 180 0.0
:25:40 2

180
-249 26 0 0.71 0.04 0.00 358 0.269 18.7 74.0 180 0 180 0.0

,:25:50 2 -245 26 0
180

0.69 0.06 -0.04 358
00;26;00

0.581 16.5 98.0 180 0 180 0.0
2

180
-241 26 0 0.68 0.07 -0.06 358 0.838

00:26:10
13.8 76.0 180 0 180 0.0

2
180

-238 26 0 0.68 0.09 -0.09 358 1.156 27.9 76.0
00;26:20 2

180 0 180 0.0 180
-234 26 0 0.67 0.11 -0.14 359

00:26:30
1.590 23.7 76.0 180 0 180 0.0

2
180

-231 26 0 0.67 0.13 -0.17 359 1.900 18.0 76.0
00:26:40 2

180 0 180 0.0
-228 26 0 0.66

180
0.14 -0.19 359

00:26:50
2.057 6.3 76.o 180 0 180 0.0

2 -224 26 0
180

0.66 0.13 -0.17 359 1.888 -12.3
00:27:00

76.0 180 0 180 0.0
1

180
-221 26 0 0.65 0.10 -0.14 360

00:27:10
1.518 -16.8 76.0

1 -217 26
180 0

0 0.65
180 0.0 180

0.08 -0.10 000 1.095 -20.0 76.0
00:27:20 1 -214 26 0

180 0
0.64

180 0.0 180
0.05 -0.05 000 0.644 -21.9

00:27:30
76.0 180 0 180 0.0

1
180

-211 26 0 0.64 0.02 -0.01 000 0.193 -22.3 76.0
00:27:40

180 0 180 0.0
1 -208 26 0 0.63

180
-0.01 0.03 000 -0.235 -21.5 76.0

00:27:50 2
180 0 180 0.0 180

-204 26 0 0.63 -0.03 0.07 000 -0.616 -19.2 76.0
00:28:00

180 0 180 0.0
2 -201 26 0 0.62

180
-0.05 0.10 000

00:28:10
-0.933 -16.2 76.0 180 0 180 0.0

2
180

-198 26 0 0.62 -0.06 0.12 360 -1.173 -13.0 76.0
00:28:20

180 0 180 0.0
2

180
-195 26 0 0.62 -0.07 0.14 360 -1.328 -8.7 76.0

00:28:30
180 0 180 0.0

2
180

-192 26 0 0.61 -0.07 0.15 359 -1.433 -13.5 76.0
00:28:40 2 -188 26

180 0
0 0.61

180 0.0 180
-0.09 0.18 359 -1.716 -17.0 76.0

00:28:50 3
180 0 180 0.0 180

-185 26 0 0.60 -0.10 0.20 359 -1.908 -11.5 76.0
00:29:00 3 -182 26

180 0
0 0.60

180 0.0 180
-0.10 0.21 359 -1.977 -5.2 76.0

00:29:10 3 -179 26
180 0

0 0.59
180 0.0 180

-0.10 0.21 358 -1.932 0.5 76.0
00:29:20 3

180 0 180 0.0 180
-176 26 0 0.59 -0.09 0.19 358 -1.783 5.8 76.0

00:29:30 3 -173 26 0
180 0 180 0.0

0.59 -0.07
180

0.17 358 -1.550 10.4 76.0
00:29:40 3 -170 26

180 0
0 0.58

180 0.0 180
-0.05 0.15 357 -1.251 14.3 76.0

00:29:50
180 0 180 0.0

3 -167 26 0 0.58
180

-0.03 0.11 357 -0.909 16.5 76.0
00;30:00 3 -164 26

180 0
0 0.57

180 0.0 180
-0.01 0.08 357 -0.520 24.9 76.0

00:30:10 3 -161 26
180 0

0 0.57 0.03
180 0.0 180

0.01 357 0.105 35.0 76.0
00:30:20

180 0 180 0.0
3 -158 26 0 0.56

180
0.07 -0.05 357 0.737 32.9 76.0

00:30:30 3 -155 26
180 0

0 0.55 0.10
180 0.0 180

-0.10 357 1.280 28.8 100.0
00:30:40

180 0 180 0.0
3

180
-153 26 0 , 0.52 0.13 -0.14 358 1.706 23.1 100.0

00:30:50 3 -150 26
180 0

0 0.49
180 0.0 180

0.14 -0.18 358 2.050
00:31:00

28.3 100.0
3 -148 26

180 0
0 0.46 0.17

180 0.0 180
-0.22 358 2.507 26.2 100.0

00:31:10 3 -145 26
180 0

0 0.43 0.19
180 0.0 180

-0.25 359 2.789 17.2 100.0 180
00:31:20 2 -143 26 0

0
0.40

180 0.0 180
0.19 -0.26 359 2.882 7.9 100.0

00:31:30
180 0 180 0.0

2 -141 26 0 0.38
180

0.18 -0.26 360 2.798
00:31:40

-2.5 100.0
2 -139 26

180 0
0 0.35 0.16

180 0.0 180
-0.22 000 2.436 -21.5 100.0

h

0:31;50
180 0 180 0.0

2 -137 26 0 0.32
180

0.12 -0.16 000 1.799
:32:00

-31.4 100.0
2 -136 26

180 0
0 0.29 0.08

180 0.0 180
-0.10 001 1.101

:32:10 ‘
-35.0 100.0 180 0 180 0.0

2 -134 26 0 0.26 0.04
180

-0.03 001 0.409
DO:32:20

-35.0 100.0
2

180 0
-133 26 0 0.23 0.00

180 0.0 180
0.04 001 -0.256 -35.0 100.0 180 0

DO:32;30 2 -132 26 0 0.20
180 0.0 180

-0.04 0.10 001 -0.894 -35.0 100.0
DO:32:40 2 -131 26

180 0
0 0.18

180 0.0 180
-0.08 0.16 000 -1.504 -34.7 75.0

DO:32:50 2 -130 26
180 0

0 0.19
180 0.0 180

-0.11 0.21 000 -2.009 -27.2 50.0
DO:33:O0 3 -129 26

180 0
0 0.21

180 0.0 180
-0.13 0.24 360 -2.349

DO:33;1O
-19.7 28.0 180 0 180 0.0

3 -128 26 0 0.23 -0.14
180

0.26 359 -2.540
DO;33:20

-12.7 50.0 180 0 180 0.0
3 -127 26 0 0.25

180
-0.14 0.27 359 -2.589 -5.4

00:33:30
50.0

4 -126 26
180 0

0 0.26
180 0.0 180

-0.14 0.26 359 -2.509 0.9
30;33:40

50.0 180 0 180 0.0
4 -124 26 0 0.28

180
-0.12 0.24 358 -2.319 6.8 50.0

30:33:50 4 -123 26
180 0

0 0.29
180 0.0 180

-0.11 0.22 358 -2.040 12.0 50.0 180 0
30;34:00 4 -121 26 0 0.31

180 0.0 180
-0.08 0.18 357 -1.693 16.0

30:34:10
50.0

4
180 0

-119 26 0 0.33
180 0.0 180

-0.06 0.15
30:34:20

357 -1.301 18.8 50.0 180 0 180 0.0 180
5 -118 26 0 0.34 -0.03 0.09 357 -0.743 35.0 50.0

10;34:30
180 0 180 0.0

5 -116 26 0 0.35
180

0.02 0.03 357 -0.070 35.0
)0:34:40

50.0 180 0 180 0.0
5 -114 26 0 0.36 0.05 -0.04

180
-’357 0.562 29.9

10:34:50
50.0 180 0 180 0.0

4 -112 26 0 0.38 0.07
180

-0.07 357 0.910 12.9
)0;35:00

50.0
4 -110 26

180 0
0 0.39 0.08

180 0.0 180
-0.09 357 1.071 9.1

)0:35:10
74.0

4 -108 26
180 0

0 0.39 0.09
180 0.0 180

-0.10 357 1.160 5.5 74.0
10;35:20

180 0 180 0.0
4 -106 26 0 0.36 0.09 -0.10

180
358 1.176 1.8 100.0 180 0

)0:35:30 4 -104 26 0 0.34 0.08
180 0.0 180

-0.09 358 1.122 -3.1 100.0
)0:35:40 4 -103 26

180 0
0

180 0.0
0.31 0.07 -0.07

180
358 0.835

)0:35:50 4 -101 26
-22.1 100.0 180 0

0 0.28 0.04
180 0.0 180

-0.02 358 0.386
)0:36:00 4 -100 26

-22.5 100.0 180 0
0 0.25 0.01

180 0.0 180
0.02 358 -0.042

)0:36:10
-21.2 100.0

4 -99 25
180 0

0 0.20
180 0.0 180

-0.01 0.05 358 -0.420 -18.5 0.0 180 0 180 0.0 180

B
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Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Date: 03-Feb-99 Time: 09:24:2

00:19:20
00:18:50
00:18:20
00:17:50
00:17Stan Time [hrs:min:sec]:
00:16End Time [hrs:min:sec]:
()():16Delta plot Time [see]:
~o.15East-WestScale [m]:

“ East-WestScale [Nm]:

00:13:20
00:36:15

30
926.

0.5000



Simulation Number:
Start Time: 10:06

HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

12 Date: 3 February 1999

Length of run [sees]: 1650

Ship Condition: draft =13.72 m

Environment
Wind Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . .. o Direction: O

Sea State, Significant wave height [m]:.. o Direction: O

Current Speed ~ots]: . . . . . . . . . . . . . . . . . . . . .. 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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Shiphandl ing Simulator Sxercise date & time: 03-Feb.99
10:06:45

Ship: 591 150,000 ton, Tanker, partial load
Exercise number: 754 Suction Mooring System
‘cenario:

D

112 Open Ocean
g file: 999 Dummy tug file based on containership
raffic ships: 590 Suction IflooringBuoy

Initial conditions: 594 150k tanker in partial load - Suction Mooring
Exercise identification: RUM 412

Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current
HH:W14:ss East North Port Stbd Long Bow Stern Heading Deg/Min Deg % 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
00:08;30 o

180 0 000 2.0 180
-587 26 0 1.80 -0.01 0.04 000 -0.321 0.2 76.0 180 0 000 2.0

00:08:40 0 -577 26 0
180

1.77 -0.03 0.06 360 -0.538 -16.5 76.0
00:08:50 1 -568 26

180 0
0 1.74

000 2.0 180
-0.05 0.10 360 -0.962 -14.0 76.0

00:09:00 1 -560 26 0
180 0 000 2.0 180

1.71 -0.07 0.13 360 -1.267 -10.4 76.0
00:09:10 1

180 0 000 2.0 180
-551 26 0 1.68 -0.08 0.15 359 -1.443 -6.3 76.0

00:09:20
180 0

1
000 2.0 180

-542 26 0 1.65 -0.08 0.16 359
00:09:30

-1.493 -1.7 76.0 180 0
1

000 2.0 180
-534 26 0 1.62 -0.07 0.15 359 -1.425 2.7 76.0

00:09:40 1
180 0 000 2.0 180

-526 26 0 1.59 -0.06 0.14 359
00:09:50

-1.258 6.6 76.0 180 0
1

000 2.0 180
-518 26 0 1.56 -0.05 0.11 358 -1.015 9.8 76.0

00:10:00
180 0

1
000 2.0 180

-510 26 0 1.53 -0.03 0.08 358 -0.721 12.4 76.0
00:10:10 1 -502 26 0

180 0 000 2.0 180
1.50 -0.02 0.05 358 -0.403 13.8 76.0

00;10:20
180 0

1
000 2.0 180

-494 26 0 1.47 0.01 0.00 358
00:10;30

0.033 26.6 76.0 180 0
0

000 2.0 180
-487 26 0 1.44 0.05 -0.08 358 0.774 30.3 76.0

00:10:40 0
180 0 000 2.0 180

-479 26 0 1.41 0.08 -0.14 358 1.402 26.4 76.0
00:10;50 o

180 0 000 2.0 180
-472 26 0 1.38 0.10 -0.19 359 1.868 21.0 50.0

00:11:00
180 0 000 2.0

-1
180

-465 26 0 1.37 0.11 -0.23 359 2.155 15.0 50.0 180 0 000 2.0
00:11:10 -1

180
-458 26 0 1.36 0.12 -0.24 359 2.262 8.2 50.0 180 0 000 2.0

00:11:20 -2
180

-451 26 0 1.36 0.11 -0.24 360 2.199 1.5 50.0
00:11:30 -2 -444 26

180 0
0

000 2.0
1.35

180
0.10 -0.23 000 2.079 7.7 50.0

00:11:40 -2
180 0 000 2.0 180

-437 26 0 1.34 0.10 -0.24 001 2.197 6.5 50.0 180 0 000 2.0
00:11:50 -3

180
-430 26 0 1.33 0.10 -0.24 001 2.157 -0.1 50.0

00:12:00 -3 -423 26
180 0

0
000 2.0

1.33
180

0.09 -0.22 001 1.968 -6.3 50.0
00:12:10 -3

180 0 000 2.0 180
-417 26 0 1.32 0.07 -0.19 002 1.659 -11.5 50.0

00:12:20 -3
180 0 000 2.0 180

-410 26 0 1.31 0.05 -0.15 002 1.263 -15.2 50.0 180 0 000 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
00;12 :40 -3

180
-396 26 0 1.31 0.00 -0.05 002 0.357 -19.5 27.0

00:12:50 -3
180 0 000 2.0 180

-390 26 0 1.32 -0.02 -0.01 002

B

-0.087 -19.6 27.0
:13:00 -3

180 0 000 2.0 180
-383 26 0 1.32 -0.04 0.04 002 -0.486 -18.2 27.0

:13:10 -2 -376 26
180 0

0
000 2.0

1.32
180

-0.05 0.08 002 -0.814 -16.2 27.0 180 0 000 2.0
.J:13:20 -2

180
-369 26 0 1.32 -0.06 0.11 002 -1.058 -13.1 27.0

00:13:30 -2
180 0 000 2.0 180

-362 26 0 1.33 -0.07 0.13 002 -1.208 -9.6 27.0
00:13:40

180 0
-1

000 2.0 180
-356 26 0 1.33 -0.08 0.16 001 -1.525 -23.4 27.0

00:13:50
180 0 000 2.0

-1
180

-349 26 0 1.29 -0.10 0.20 001 -1.918
00:14:00

-17.9 100.0
0 -342 26

180 0
0 1.24

000 2.0 180
-0.11 0.23 001 -2.133 -11.5 78.0 180 0 000 2.0

00:14:10
180

0 -336 26 0 1.21 -0.11 0.24 000 -2.179 -4.7 78.0
00:14:20

180 0 000 2.0 180
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
00:14:40

180
1 -318 26 0 1.13 -0.06 0.17 359 -1.487 12.2 78.0

00:14:50
180 0

1 -312 26 0 1.10
000 2.0 180

-0.04 0.13 359 -1.081 15.2 78.0 180 0 000 2.0
00:15:00 1 -307 26 0 1.08

180
-0.01 0.09 359 -0.644 17.6 78.0

00:15:10 1 -301 26 0
180 0

1.05
000 2.0

0.01
180

0.05 359 -0.210 18.2 78.0
00:15:20 1

180 0 000 2.0 180
-296 26 0 1.02 0.03 0.00 359 0.200 17.9 78.0

00:15:30
180 0 000 2.0 180

1 -291 26 0 1.00 0.05 -0.03 359 0.552 16.3 78.0
00:15:40

180 0
1

000 2.0 180
-285 26 0 0.98 0.07 -0.07 ,359 0.831 14.2 50.0

00:15:50 1
180 0 000 2.0 180

-280 26 0 0.97 0.07 -0.09 359 1.029 11.1 74.0 180 0 000 2.0
00;16:00 1

180
-275 26 0 0.95 0.08 -0.10 360 1.140 7.6 74.0

00:16:10
180 0

1 -271 26 0 0.93
000 2.0 180

0.08 -0.11 360 1.165 4.2 74.0
00:16:20

180 0 000 2.0 180
1 -266 26 0 0.91 0.07 -0.10 360 1.111 0.8 74.0 180 0 000 2.0

00:16:30
180

1 -261 26 0 0.89 0.06 -0.09 000 0.990 -2.4 74.0
00:16:40

180 0
1

000 2.0 180
-257 26 0 0.87 0.04 -0.06 000 0.640 -20.0 74.0

00:16:50
180 0

1 -252 26 0 0.85
000 2.0

0.00
180

0.00 000 0.030 -22.6 74.0
00:17:00

180 0
1

000 2.0 180
-248 26 0 0.83 -0.03 0.05 000 -0.518 -21.2 74.0

00:17:10 1 -244 26
180 0

0 0.81
000 2.0 180

-0.05 0.10 000 -0.974 -18.3 74.0
00:17:20

180 0
1 -240 26 0 0.79

000 2.0 180
-0.07 0.13 360 -1.315 -14.4 74.0

00:17:30
180 0

1 -236 26 0 0.77
000 2.0 180

-0.09 0.16 360 -1.531 -9.6 74.0
00:17:40 1 -232 26

180 0
0 0.75

000 2.0 180
-0.09 0.17 359 -1.621 -4.8 74.0

00:17:50
180 0

1 -228 26 0 0.73
000 2.0 180

-0.09 0.16 359 -1.593 0.2 74.0 180 0 000 2.0
DO:18:O0 2

180
-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
00:18;20

180 0
2

000 2.0 180
-217 26 0 0.68 -0.05 0.10 358 -0.981 11.3 74.0 180 0 000 2.0

00:18:30
180

2 -213 26 0 0.66 -0.04 0.07 358 -0.676 13.6 66.0
DO:18:40 2

180 0 000 2.0 180
-210 26 0 0.65 -0.02 0.04 358 -0.362 14.2 66.0 180 0 000 2.0 180

DO: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
DO:19:O0 1 -203 26 0 0.63 0.01 -0.03 358 0.221 13.7 66.0 180 0 000 2.0 180
DO:19:1O 1 -200 26 0 0.62 0.02 -0.05 358 0.453 12.1 66.0
00:19:20 1

180 0 000 2.0 180
-197 26 0 0.61 0.04 -0.09 358 0.830

P

27.7 66.0
:19:30

180 0
1

000 2.0 180
-194 26 0 0.59 0.07 -0.14 359 1.330 23.4 66.0 180 0 000 2.0

:19:40 1
180

-191 26 0 0.58 0.09 -0.18 359 1.689 18.1 66.0 180 0
J0:19:50

000 2.0
0

180
-188 26 0 0.57 0.10 -0.20 359 1.898 12.4 66.0

)0;20;00 o
180 0 000 2.0 180

-185 26 0 0.56 0.10 -0.21 359 1.961 6.1 66.0 180 0 000 2.0 180
30:20:10 0 -182 26 0 0.55 0.09 -0.20 360 1.891 0.4 66.0
)0:20:20

180 0 000 2.0
-1

180
-179 26 0 0.54 0.08 -0.19 000 1.709 -4.8 66.0 180 0 000 2.0 180
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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

R

-1 -177 26 0 0.52 0.07 -0.16 000 1.441 -8.9 76.0 180 0 000 2.0 180
/:20:40 -1 -174 26 0 0.50 0.05 -0.lg 001 1.165
0:20:50

-2.7 76.0 180 0 000 2.0 180
-1 -172 26 0 0.49 0.05 -0.13 001 1.170 2.2

00:21:00 -1
76.0 180 0 000 2.0 180

-169 26 0 0.47 0.05 -0.13
00:21;10

001 1.131 -1.1
-2

76.0 180 0 000 2.0 180
-167 26 0 0.46 0.05 -0.11 001 1.021 -4.3

00:21:20 -2 -164 26

63.o 180 0
0

000 2.0 180
0.45 0.04 -0.10 001 0.860 -6.8

00:21:30 -2

63.o 180 0 000 2.0 180
-162 26 0 0.45 0.03 -0.08 001

00:21:40 -2
0.664 -8.5 52.0 180 0 000 2.0 180

-160 26 0 0.45 0.02 -0.05 001 0.449 -9.6 52.0 180 0 000 2.0
00;21:50

180
-2 -157 26 0 0.45 0.01 -0.03 002 0.232 -10.2

00:22:00
52.0 180 0

-2
000 2.0 180

-155 26 0 0.45 0.00 -0.01 002 0.025 -10.2 52.0 180 0 000 2.0
00:22:10 -2

180
-153 26 0 0.45 -0.01 0.02 002 -0.188 -16.0 52.0

00:22:20
180 0 000 2.0

-2
180

-151 26 0 0.45 -0.04 0.07 001
00:22:30 -1

-0.676 -24.7 52.0 180 0 000 2.0 180
-148 26 0 0.45 -0.06 0.11 001 -1.124 -20.8

00:22:40
52.0 180 0

-1
000 2.0 180

-146 26 0 0.44 -0.08 0.15 001
00:22:50

-1.449 -16.4 52.0 180 0 000 2.0 180
-1 -144 26 0 0.44 -0.09 0.17 001 -1.644

00:23;00 -1
-10.9 52.0 180 0 000 2.0 180

-141 26 0 0.45 -0.09 0.18 001
00:23:10

-1.713 -5.7
-1

52.0 180 0 000 2.0 180
-139 26 0 0.44 -0.09 0.17 000 -1.667 -0.6 76.0

00:23:20
180 0

0
000 2.0 180

-137 26 0 0.43 -0.08 0.16 000 -1.523 3.6 76.0
00:23:30

180 0
0

000 2.0 180
-135 26 0 0.41 -0.07 0.14 360 -1.301 7.7 76.0 180 0 000 2.0

00:23:40
180

0 -133 26 0 0.39 -0.05 0.11 360 -1.025 10.4 76.0
00;23 :50 o -131 .26

180 0 000 2.0 180
0 0.38 -0.03 0.08 359 -0.722 12.4 67.0

00:24:00
180 0

0
000 2.0 180

-129 26 0 0.37 -0.01 0.05 359 -0.413 13.2 67.0
00:24;10

180 0
0

000 2.0 180
-127 26 0 0.36 0.00 0.02 359 -0.122 12.8 67.0

00:24:20
180 0

0
000 2.0 180

-125 26 0 0.35 0.02 -0.01 359
00:24:30

0.138 11.9 67.0
0

180 0 000 2.0 180
-123 26 0 0.34 0.03 -0.03 359

00:24:40
0.355 10.6 67.0

0
180 0 000 2.0 180

-121 26 0 0.33 0.04 -0.05 359
00:24:50

0.520 8.9 67.0
0

180 0 000 2.0 180
-120 26 0 0.32 0.04 -0.06 360

00:25:00
0.630 6.7 79.0

0
180 0 000 2.0 180

-118 26 0 0.30 0.05 -0.06 360 0.684 4.1 79.0
00:25:10 0

180 0 000 2.0 180
-117 26 0 0.29 0.04 -0.06 360

00:25:20 0
0.687 1.7 70.0 180 0 000 2.0 180

-115 26 0 0.28 0.04 -0.06 360 0.645 0.1 63.0 180 0 000 2.0
00;25:30

180
0 -114 26 0 0.27 0.04 -0.05 360

00:25:40 0 -112 26
0.571 -1.3

0
63.0 180 0 000 2.0 180

0.27 0.03 -0.04 000 0.474 -2.7 63.0 180 0 000 2.0
00:25:50 0 -111 26

180
0 0.26 0.02 -0.03 000 0.364 -3.3 63.0

00:26:00
180 0

0
000 2.0 180

-110 26 0 0.26 0.02 -0.02 000 0.247 -3.9 63.0
00:26;10 o

180 0 000 2.0 180
-108 26 0 0.26 0.01 -0.01 000 0.135 -4.0 63.0

00:26:20
180 0

0
000 2.0 180

-107 26 0 0.25 0.00 0.00 000
00:26:30

0.033 -4.1 63.0
0

180 0 000 2.0 180
-106 26 0 0.25 0.00 0.01 000

00:26:40
-0.060 -3.7

0
63.0 180 0 000 2.0 180

-104 26 0 0.24 0.00 0.02 000

b

-0.127 -2.8 63.0
0:26:50 0

180 0 000 2.0 180
-103 26 0 0.24 -0.01 0.02 000 -0.178 -1.9 63.0

:27:00 0 -102 26 0
180 0 000 2.0 180

0.23 -0.01 0.02 000 -0.210 -1.2 63.0
0:27:10 0

180 0 000 2.0 180
-101 26 0 0.23 -0.01 0.03 000 -0.223

00:27:20 0 -100 26
-0.5

0
63.0 180 0 000 2.0 180

0.22 -0.01 0.03 000 -0.223 0.1 63.0 180 0 000 2.0 180

)



Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Date: 03-Feb-99 Time: 10:06: I

00:14:20
00:13:50
00:13:z0

OO:12:L50

00:12:20
00:11:50”
00:11:20
00:10:50
00:10:20
00:(
oo. (StartTime [hrs:min:sec]: 00:08:2C

“ End Time [hrs:min:sec]: 00:27:3C
00: ~Delta plot Time [see]: 3C
00:08 &St.WeSt Scale [m]: 926.

East-West Scale [Nm]: 0.500C
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HANDS-ON SIMULATION
.

SUCTION MOORNG TECHNOLOGY

Simulation Number: 13 Date: 3 February 1999
Start Time: 10:46
Length of run [sees]: 1785

Ship Condition: draft =13.72 m

Environment
Wind Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . . . 20 Direction: O

Sea State, Significant wave height [m]:.. 3 Direction: 180

Current Speed [knots] :. . . . . . . .. . . . . . . . . . . . .. o Direction: O

Ship Operator: J.A. Observer: B.K.J & J.K.

Final Mating, distance between center of buoy and center of moon pool [m]: 1.2.5

Evaluation:

Successful run.
Everything worked out okay.
A quicker response of the autopilot might help the course keeping.
Thedeceleration plan worked outwell, 0.3knots atmating.
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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
%enario:

D

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: RUN *13

Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current

HH:NN:SS East North Port Stbd Long Bow Stem Heading Deg/Min Deg % Deg Knots Deg Knots Deg
----------------------------------------------------------------------------------------------------------------------------

00:08;20 o -873 28 0 2.76 0.00 0.01 360 -0.050 0.6 100.0 180 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
00:08:40

180 23 000 0.0 180
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 0 -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 0 -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
00:09:30

000 0.0 180
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 0 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 0 -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
00:10:20

180 18 000 0.0 180
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
00:10:40

180 19 000 0.0 180
0 -693 28 0 2.26 0.00 0.00 000 0.003 -0.6 76.0

00:10:50
180 17 000 0.0 180

0 -682 28 0 2.22 0.00 0.00 000 -0.021 -0.6 50.0 180 20
00:11:00

000 0.0 180
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 0 2.20 0.00 0.01 000 -0.048 0.0 50.0
00:11:30

180 20 000 0.0 180
0 -636 28 0 2.18 0.00 0.01 360 -0.054 0.0 50.0 180 23

00:11:40
000 0.0 180

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 0 -603 28 0 2.08 0.00 0.01 360 -0.041 0.6
00:12:10

50.0 180 20 000 0.0 180
0 -593 28 0 2.05 0.00 0.01 360 -0.035 0.6

00:12:20
50.0 180 19 000 0.0 180

0 -582 28 0 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 0 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 o -550 28 0 2.04 0.00 0.00 360 0.023 1.1 50.0

II

180 19 000 0.0 180
0:13:00 0 -540 28 0 2.01 0.00 0.00 360 0.027
:13:10

0.5
-530 28

75.0 180 18 000 0.0 180
0 0 2.00 0,00 0.00 360 0.028 0.5 75.0 180 14 000 0.0 180

J:13:20 o -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
00:13:40

75.0 180 17 000 0.0 180
0 -499 28 0 1.93 0.00 0.00 360 0.055 0.0

00:13:50
75.0 180 18 000 0.0 180

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
00:14:10

180 21 000 0.0 180
0 -470 28 0 1.81 0.00 0.00 000 0.018 0.0 52.0

00:14:20
180 18 000 0.0 180

0 -461 28 0 1.80 0.00 0.00 000 0.008 0.0 52.0 180 18 000 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 o -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 0.0 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
00:15:30

52.0 180 20 000 0.0 180
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
00:16:00

52.0 180 17 000 0.0 180
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
00:16:20

-5.2 100.0 180 16 000 0.0 180
1 -354 28 0 1.58 -0.07 0.14 359 -1.380 -1.2 100.0 180 17

00:16:30
000 0.0 180

1 -346 28 0 1.52 -0.07 0.14 359 -1.316
00:16:40

3.3 100.0 180 17 000 0.0 180
1 -338 28 0 1.45 -0.05 0.12 359 -1.110 6.5 100.0 180 21

00:16:50 -331 28
000 0.0 180

1 0 1.41 -0.04 0.10 359 -0.886
00:17:00

9.7 100.0 180 15 000 0.0 180
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
00:17:30

000 0.0 180
0 -304 28 0 1.19 0.06 -0.08 358

00:17:40
0.897 28.4 100.0 180 14 000 0.0 180

0 -298 28 0 1.18 0.08 -0.14 359 1.395 24.0 75.0 180 18 000 0.0
00:17:50

180
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
00:18:20

180
-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
00:18:50

180 22 000 0.0 180
-2 -259 28 0 0.97 0.12 -0.27 002 2.461 -14.2 75.0

00:19:00
180 18 000 0.0 180

-3 -254 28 0 0.97 0.09 -0.22 002 1.966 -20.3
00:19:10

75.0 180 13 000 0.0 180
-3 -249 28 0 0.93 0.06 -0.16 002 1.398 -24.8

00:19:20
75.0 180 16 000 0.0 180

-3 -244 28 0 0.89 0.02 -0.10 002 0.750

P

:19;30
-27.5 75.0 180 23 000 0.0 180

-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

0:19:50
180 16 000 0.0 180

-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
00:20;10

-18.0 100.0 180 18 000 0.0 180
-2 -223 38 0 0.78 -0.14 0.22 002 -2.260 -11.2 100.0

00:20:20
180 18 000 0.0 180

-2 -219 38 0 0.77 -0.14 0.24 001 -2.381 -3.8 100.0 180 21 000 0.0 180

... . .. .. ,—.. .——— .....= -v - -.—. ——. . —.—.—-..-.-.---.?.—— _—. —-.. . . .—- —.
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Time Position (m) RPM Speed (Knots) Turn Rudder Gill Nind Current
HH:MM:SS East North Port Stbd Long Bow Stern Heading DeglMin Deg % Deg Knots Deg Knots Deg
----------------------------------------------------------------------------------------------------------------------------

h

0:20:30 -1 -215 38 0 0.74 -0.14 0.27 001 -2.638 -13.8 100.0 180 19
:20:40

000 0.0 180
-1 -212 38 0 0.71 -0.15 0.29 001 -2.815 -5.0 100.0

;20:50
180 20

0
000 0.0 180

-208 38 0 0.69 -0.14 0.28 000 -2.668 2.9 100.0 180 25
00:21:00

000 0.0 180
0 -205 35 0 0.67 -0.11 0.24 360 -2.253 10.1 100.0

00:21:10 0
180 22 000 0.0 180

-201 29 0 0.62 -0.08 0.20 359 -1.827 15.3 100.0 180 17 000 0.0
00:21:20 1

180
-198 29 0 0.57 -0.05 0.16 359 -1.340 19.6 100.0

00:21:30 1
180 20 000 0.0 180

-195 29 0 0.51 -0.02 0.11 359 -0.826 22.2 100.0 180 24
00:21:40

000 0.0 180
1 -193 29 0 0.49 0.00 0.05 359 -0.312 22.7

00:21:50
73.0 180 18 000 0.0

1
180

-190 29 0 0.47 0.03 0.00 359 0.190 21.5
00:22:00 1

53.0 180 16 000 0.0 180
-188 29 0 0.45 0.06 -0.04 359 0.652 19.1 53.0 180 15

00:22:10 1 -186 33
000 0.0 180

0 0.51 0.08 -0.08 359 1.041 16.2 53.0 180 17
00:22:20 1

000 0.0 180
-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 0 0.51 0.11 -0.14 359 1.540 6.7
00:22:40 1

75.0 180 21 000 0.0 180
-178 33 0 0.51 0.11 -0.14 360 1.567

00:22:50
2.0 75.0

1
180 16 000 0.0 180

-175 33 0 0.51 0.10 -0.13 360 1.455
00:23:00

-2.3 75.0
0

180 18 000 0.0 180
-172 33 0 0.49 0.08 -0.11 000 1.190 -13.4 75.0 180 17

00:23:10
000 0.0 180

0 -170 33 0 0.48 0.04 -0.04 000 0.491 -24.9 75.0 180 15
00:23:20

000 0.0 180
0 -168 33 0 0.47 0.00 0.03 000 -0.212

00:23:30
-17.2 75.0

1
180 10 000 0.0 180

-165 33 0 0.47 -0.02 0.05 000 -0.452
00:23:40

-3.9 75.0
1

180 17 000 0.0 180
-163 33 0 0.45 -0.02 0.06 000 -0.518 -2.0 75.0

00:23:50 1
180 19 000 0.0 180

-160 33 0 0.43 -0.03 0.08 000 -0.667 -13.8 75.0
00:24:00 1

180 23 000 0.0 180
-158 33 0 0.41 -0.05 0.12 360 -1.101 -14.3 75.0

00:24:10 1
180 20 000 0.0 180

-156 33 0 0.40 -0.07 0.15 360 -1.396 -9.4 75.0
00:24:20 1

180 21 000 0.0 180
-154 33 0 0.42 -0.08 0.16 359 -1.539

00:24:30
-4.7 75.0

2
180 20 000 0.0 180

-152 33 0 0.42 -0.08 0.16 359 -1.531 -0.2 75.0 180 23
00:24:40

000 0.0 180
2 -150 29 , 0 0.42 -0.07 0.15 359 -1.421

00;24:50
4.0 75.0 180 19 000 0.0 180

2 -148 27 0 0.42 -0.07 0.14 359 -1.286 7.6 75.0 180 20 000 0.0
00:25:00 2

180
-145 27 0 0.39 -0.06 0.11 359 -1.111 11.2 75.0

00:25:10 2
180 19 000 0.0 180

-144 27 0 0.35 -0.05 0.08 358 -0.830
00:25:20

18.4 75.0
2

180 21 000 0.0 180
-142 27 0 0.34 -0.02 0.03 358 -0.302 31.5 51.0 180 18

00:25:30
000 0.0 180

2 -140 27 0 0.34 0.01 -0.03 358
00:25:40

0.250 30.1 51.0 180 19 000 0.0 180
2 -138 27 0 0.32 0.04 -0.08 358 0.753 26.5 51.0

00:25:50 2
180 18 000 0.0 180

-137 27 0 0.31 0.06 -0.12 359 1.163 22.1 51.0 180 22
00:26:00

000 0.0 180
1 -135 27 0 0.29 0.07 -0.16 359 1.432 16.8 28.0 180 19

00:26:10 1 -134 27 0
000 0.0

0.29
180

0.07 -0.17 359 1.541 1.6 28.0
00:26:20

180 18 000 0.0 180
1 -132 27 0 0.29 0.06 -0.15 359 1.329 -9.9 28.0 180 15

00:26:30
000 0.0

1
180

-131 27 0 0.30 0.04 -0.12 359 . 1.040
00:26:40

-12.0 0.0 180 18 000 0.0
0

180
-129 27 0 0.33 0.02 -0.09 360 0.734 -13.3 26.0

k

180 17
0:26:50 0

000 0.0 180
-127 27 0 0.35 0.00 -0.06 360 0.414 -13.8 26.0 180 18

:27:00 0 -125 27
000 0.0

0
180

0.37 -0.02 -0.03 360 0.102 -13.9 26.0
:27:10

180 19 000 0.0 180
0 -124 27 0 0.36 -0.03 0.00 360 -0.181 -12.4 26.0 180 19

00:27:20 0 -122 27
000 0.0 180

0 0.37 -0.05 0.02 360 -0.429 -11.0 26.0
00:27:30 0

180 17 000 0.0 180
-120 27 0 0.39 -0.06 0.04 360

00:27:40
-0.625 -8.8 26.0 180 18

0
000 0.0 180

-118 27 0 0.41 -0.07 0.05 359
00:27:50

-0.776 -6.2 26.0 180 17 000 0.0
0

180
-116 27 0 0.38 -0.08 0.06 359 -0.853 -3.6 51.0 180 18 000 0.0

00:28:00 0
180

-114 27 0 0.39 -0.08 0.06 359
00:28:10

-0.906 -0.7 51.0 180 22 000 0.0
0

180
-112 27 0 0.37 -0.08 0.05 359 -0.802 14.7 51.0 180 22 000 0.0

00:28:20 -1
180

-110 27 0 0.33 -0.05 0.00 359 -0.310 33.7 51.0
00:28:30 -1

180 18 000 0.0 180
-108 27 0 0.32 -0.01 -0.07 359 0.371 35.0 51.0 180 17

00:28:40 -1
000 0.0 180

-107 27 0 0.31 0.03 -0.13 359
00:28:50

1.024 35.0 51.0 180 17 000 0.0
-1

180
-105 27 0 0.31 0.07 -0.19 359 1.650 35.0 51.0 180 13 000 0.0

00:29:00 -2
180

-103 27 0 0.32 0.10 -0.25 360
00:29:10

2.252 35.0
-2

51.0 180 17 000 0.0 180
-102 27 0 0.31 0.14 -0.31 000

00:29:20
2.813 35.0

-3
51.0 180 20 000 0.0 180

-100 27 0 0.30 , 0.17 -0.36 001 3.333 31.9 51.0 180 20
00:29:30

000 0.0
-3

180
-99 27 0 0.28 0.20 -0.39 001 3.735 19.1 51.0 180 19 000 0.0

00:29:40 -3 -97 27 0 0.21
180

0.24 -0.40 “002 4.025 1.8 6.0 180 23 000 0.0 180

D

I



Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

00:16:50
00:16:20
00:15:50
00:15:20
00:14:50
00:14:20
00:13:50

00: J Start Time [hrs:min:sec]: 00:08:20
OO:2End Time [hrs:min:se~]: 00:29:45
00 ~j Delta Plot Time [see]: 30

East-West Scale [m]: 926.
00:3 East-West Scale [Nm]: 0.5000



HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 14 Date: 3 February 1999
Start Time: 11:27
Length of run [sees]: 3310

Ship Condition: draft =13.72 m

Environment
Wind Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . . . 20 Direction: O

Sea State, Significant wave height [m]:.. 3 Direction: 180

Current Speed [knots] :. . . . . . . . . . . . . . . . . . . . .. o Direction: O

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 thejinal closure the buoy did not center quite as well as desired (about 5 m ofl. 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 thejlnal mating with the buoy 2.9 m oflcenter.
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Shiphandling Simulator Sxercise date & time: 03-Feb-99
11:27:14

Ship : 591 150,000 ton, Tanker, partial 10ad
Exercise number: 754 Suction Mooring System

k

cenario: ,112 Open Ocean
g file: 999 Dummy tug file based on containership
affic ships: 590 Suetion Mooring BUOY

Initial conditions: 594 150k tanker in partial load - Suction Mooring
Exercise identification: t?~u & /<

Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current

HH:NM:SS East North Port Stbd Long Bow Stern Heading DeglMin 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 51.0 180 18 000 0.0 180
00;31:00 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 0.15 359 -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
00:31:30

-1.306 4.0 51.0 180 25 000 0.0 180
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
00:31:50

-0.997 10.7 51.0 180 17 000 0.0 180
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 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 51.0 180 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
00:34:00

180 19 000 0.0 180
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

h

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
00:35:10

180 23 000 0.0 180
-2 -118 25 0 0.24 -0.01 -0.06 001

00:35:20
0.335 -12.9 36.0 180 17 000 0.0 180

-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 19 000 0.0
00:35:50

180
-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
00:36:30

180 16 000 0.0 180
-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 i80
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
00:38:30

180
-5 -95 25 0 0.04 0.32 -0.45 005

00:38:40
4.936 35.0 99.0 180 22 000 0.0 180

-5 -95 0 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 0 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
00:39:40

10.4 99.0 266 18 000 0.0 180
-8 -1oo 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
00:40:00

180
-9 -103 33 0 -0.30 0.22 -0.36 011 3.687 -22.5 99.0 214 22 000 0.0 180

00:40:10 -lo -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 -lo -106 33 0 -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 lBO
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
00:41:00

180
-12 -110 30 0 -0.07 -0.27 0.15 012 -2.691 12.1 99.0 272 17 000 0.0 180

1!

: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
: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
00:41:40

180
-13 -112 30 0 -0.15 -0.10 0.01 011

00:41:50
-0.676 5.3 99.0 211 15 000 0.0 180

-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:WN:SS East North Port Stbd Long Bow Stern Heading DeglMin Deg % Deg CCnots Deg Knots Deg
------------ ----------------------------------------------------------------------------------------------------------------

I

: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
:42:20 -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

00:42:40

-0.7 99.0 239 17 000 0.0 180
-15 -112 42 0 0.13 -0.07 -0.08 011 0.061 -3.4 99.0 239 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

00:43:00
000 0.0 180

-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
00:43:20 -107 43

000 0.0 180
-16 0 0.28 -0.48 0.40 009 -5.599 -35.0 99.0 239 21 000 0.0 180

00:43:30 -16 -106 43 0 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
00:43:50

180
-15 -103 42 0 0.35 -0.57 0.62 006 -7.509 -1.7 99.0

00:44:00 -101 42
116 22 000 0.0 180

-15 0 0.39 -0.43 . 0.54 004 -6.180 17.3 99.0 146 19 000 0.0
00:44;10

180
-15 -99 25 0 0.34 -0.34 0.45 004 -5.053 35.0 99.0

00:44:20
146 20 000 0.0 180

-14 -97 25 0 0.30 -0.25 0.38 003 -3.958 35.0 99.0
00:44:30

167 22 000 0.0 180
-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 0 0.06 -0.01 0.30 001 -1.936 -35.0 99.0
00:45:20

145 15 000 0.0 180
-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 -lo -93 40 0 0.01 -0.01 0.41 000 -2.686 -22.9 99.0
00:45:40

145 18 000 0.0 180
-9 -93 42 0 0.02 -0.02 0.47 360 -3.112 -13.5 99.0

00:45:50
145 18 000 0.0 180

-7 -93 41 0 0.03 0.00 0.48 359 -3.097 -5.6 99.0
00;46:00

145 17 000 0.0 180
-6 -92 42 0 0.07 0.04 0.45 359 -2.619 9.9 99.0

00:46:10
145 17 000 0.0 180

-5 -92 42 0 0.08 0.10 0.40 358 -1.907 3.7 99.0 145 13 000 0.0
00:46:20

180
-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 9.1 99.0 145 20 000 0.0
00:46:40

180
-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
00;47:00

145 21 000 0.0 180
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 16 000 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
00:47:40

217 22 000 0.0 180
8 -97 0 0 -0.42 0.21 0.29 357 -0.491 16.9 99.0

00:47:50
217 21 000 0.0 180

9 -99 0 0 -0.41 0.16 0.27 357 -0.673 19.1 99.0
00:48:00

327 18 000 0.0 180
10 -101 0 0 -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
00;48:20

027 16 000 0.0 180
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
;48:40 15 -109 0 0 -0.40 0.12 0.24 356 -0.788
:48:50

30-8 99.0 304 18 000 0.0 180
16 -111 0 0 -0.41 0.06 0.22 356 -1.063 34.4 99.0

00:49:00
304 16 000 0.0 180

16 -113 0 0 -0.42 0.00 0.21 356 -1.309 35.0 99.0
00:49;10

304 22 000 0.0 180
17 -115 29 0 -0.39 -0.04 0.15 356 -1.192 30.7 99.0

00:49:20
304 19 000 0.0 180

17 -117 24 0 -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
00:49:40 -120 30

180
17 0 -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 -0.26 -0.27 0.16 355 -2.782 -35.0 99.0 304 19 000 0.0
00;50:00

180
17 -123 25 0 -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 0 -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
00;50:30

358 15 000 0.0 180
16 -126 32 0 -0.04 -0.42 0.20 352 -3.958 22.5 99.0

00:50:40
358 18 000 0.0 180

15 -126 32 0 0.04 -0.40 0.12 352 -3.301 26.3 99.0 358 20
00:50:50

000 0.0 180
14 -126 36 0 0.14 -0.36 0.03 351 -2.479 35.0 99.0 358 19

00;51:00
000 0.0 18C

13 -125 42 0 0.23 -0.33 -0.10 351 -1.414 35-0 99.0 358 20 000 0.0
00:51:10

18C
12 -124 41 0 0.32 -0.30 -0.25 351 -0.314 35.0 99.0

00:51:20
358 23 000 0.0 18C

10 -122 33 0 0.37 -0.22 -0.39 351 1.092 35.0 99.0 096 17
00:51:30

000 0.0 18C
8 -120 25 0 0.36 -0.16 -0.42 351 1.680 35.0 99.0

00:51:40
096 13 000 0.0 18C

7 -119 25 0 0.35 -0.09 -0.45 351 2.287 35.0 99.0 096 14 000 0.0
00:51:50

18C
5 -117 25 0 0.36 -0.04 -0.48 352 2.771 35.0 99.0

00:52:00
096 19 000 0.0 18C

3 -116 27 0 0.33 0.02 -0.51 352 3.351 35.0 99.0 145 19 000 0.0 18C
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 18C
00:52:20 1 -113 27 0 0.25 0.09 -0.57 354 4.159 35.0 99.0
00:52:30

145 18 000 0.0 18C
-1 -112 27 0 0.19 0.13 -0.59 354 4.535 35.0 99.0

00:52:40
145 22 000 0.0 18C

-2 -111 27 0 0.16 0.18 -0.61 355 4.971 35.0 99.0
00:52:50

145 22 000 0.0 18C
-3 -110 27 0 0.14 0.22 -0.62 356 5.327 35.0 99.0 089 22 000 0.0 18C

00:53:00 -4 -110 27 0 0.17 0.26 -0.62 357 5.573 35.0 76.0
00:53:10

089 17 000 0.0 18C
-5 -109 27 0 0.17 0.29 -0.63 358 5.861 35.0 76.0 089 21 000 0.0 18C

00:53;20 -6 -108 27 0 0.16 0.32 -0.64 359 6-068 35.0 76.0
00;53 :30

089 21 000 0.0 18C
-7 -107 27 0 0.16 0.36 -0.64 360 6.324 35.0 76.0 089 20 000 0.0

00:53:40
18C

-7 -106 27 0 0.17 0.39 -0.64 001 6.580 35.0 76.0 066 15 000 0.0
00:53:50

18C
-8 -105 27 0 0.18 0.43 -0.65 002 6.824 35.0 52.0

00:54:00
066 18 000 0.0 18C

-8 -105 27 0 0.19 0.45 -0.66 003 7.006 34.5 52.0
00:54:10

066 20 000 0.0 18C
-9 -103 27 0 0.19 0.46 -0.64 004 7.012 15.5 52.0 036 22 000 0.0

00:54:20
18C

-9 -102 27 0 0.19 0.45 -0.60 006 6.650 -3.5 52.0
00;54 :30

272 15 000 0.0 18C
-lo -101 27 0 0.21 0.42 -0.55 007 6.129 -7.5 52.0 272 15 000 0.0 18C

00:54:40 -lo -100 27 0 0.20 0.37 -0.50 008 5.504 -7.0 52.0 272 16 000 0.0 18C
00:54:50 -lo -99 27 0 0.22 0.32 -0.45 008 4.911

B

:55:00
-7.0 52.0 272 19 000 0.0 18C

-lo -98 27 0 0.27 0.31 -0.42 009 4.609 -7.0 52.0 272 15 000 0.0 18(
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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 [see]: 30

● Date: 03-Feb-99 Time: 11:27:14 I
East-West Scale [m]: 926.
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 [sees]: 3238

Ship Condition: draft =13.72m

Environment
Wind Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . . . ‘ 20 Direction: 45

Sea State, Significant wave height [m]:.. 3 Direction: 225

Current Speed [knots]:. . . . . . . . . . . . . . . . . . . . .. 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 lejl 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 lefifor
increased speed, and then decelerated again and altered heading to come close to
equilibrium. At thefinal closure to the buoy he altered heading to the lefi to increase
wind and wave forces on the starboard side to offset the current on the port side. The
captain pe~orrned 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

f

cenario: .112 Open Ocean
g 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: RUN & 15

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 Snots Deg Knots Deg
----------------------------------------------------------------------------------------------------------------------------

00;26:40 -31 -309 51 0 0.42 -0.15 0.41 031 -3.559 35.0 100.0
00:26:50

180 17
-29

045 1.0 180
-308 45 0 0.42 -0.05 0.20 031 -1.617

00:27:00
35.0 100.0

-28
180 18 045 1.0 180

-306 45 0 0.43 0.01 0.02 031 -0.010 35.0 100.0 180 19 045 1.0
00:27:10 -27

180
-304 39 0 0.40 0.12 -0.15 031 1.713 35.0 100.0 180 19 045 1.0

00:27:20 -26
180

-302 30 0 0.36 0.10 -0.23 031 2.091 35.0 100.0 180 17
00:27:30 -25

045 1.0 180
-301 30 0 0.32 0.12 -0.29 032 2.5.68

00:27:40
34.7 100.0 180 18 045 1.0

-25
180

-299 30 0 0.28 0.11 -0.33 032 2.797 25.1 100.0 180 17 045 1.0
00:27:50 -25

180
-298 30 0 0.21 0.15 -0.35 033 3.125 11.3 100.0

00:28:00
180 18 045 1.0

-25
180

-296 30 0 0.18 0.09 -0.33 033 2.633
00:28:10 -25

3.6 100.0 180 22 045 1.0 180
-295 30 0 0.12 0.03 -0.30 033 2.102

00:28:20 -25
-3.2 100.0 180 22 045 1.0 180

-295 30 0 0.04 0.02 -0.26 034 1.720 -10.7 100.0 180 18 045 1.0
00:28:30 -25

180
-294 30 0 0.00 0.00 -0.20 034 1.222

00:28:40
-14.1 100.0

-26
180 17 045 1.0 180

-294 30 0 -0.04 -0.01 -0.14 034 0.800 -13.2 100.0
00;28:50 -26

180 17 045 1.0 180
-294 30 0 -0.07 -0.02 -0.09 034 0.469 -10.1 100.0

00:29:00 -27
180 13 045 1.0 180

-295 30 0 -0.10 -0.02 -0.05 034 0.189 -7.3 100.0 180 17
00:29:10 -27

045 1.0 180
-295 35 0 -0.14 -0.06 -0.02 034 -0.242

00;29:20
-3.2 100.0

-28
180 20 045 1.0 180

-295 38 0 -0.15 -0.07 0.01 034
00:29:30

-0.454 -0.5 100.0 180 20
-28

045 1.0 180
-296 38 0 -0.16 -0.12 0.02 034

00:29:40
-0.881 4.0 100.0 180 19 045 1.0

-29
180

-297 38 0 -0.17 -0.12 0.01 034 -0.838 6.3 100.0 180 23
00:29:50

045 1.0
-30

180
-297 37 0 -0.16 -0.10 0.01 034 -0.661 7.3 51.0

00:30:00
180 19

-30
045 1.0 180

-298 38 0 -0.13 -0.12 -0.01 034 -0.692 5.1 51.0 180 20 045 1.0
00:30:10 -31

180
-298 38 0 -0.10 -0.18 0.03 034 -1.332 -13.9 51.0

00:30:20
180 20

-32
045 1.0 180

-298 38 0 -0.09 -0.23 0.08 033 -1.970 -3.8 51.0 180 20 045 1.0
00:30:30 -32

180
-298 38 0 -0.10 -0.24 0.09 033 -2.089 2.8 51.0 180 16 045 1.0

00:30:40 -33
180

-298 37 0 -0.06 -0.24 0.08 033
00:30:50

-2.017 1.0 51.0 180 21
-33

045 1.0 180
-298 38 0 -0.04 -0.26 0.11 032 -2.381 -7.5 51.0

00:31:00 -34 -298 48
180 18

0
045 1.0 180

-0.01 -0.20 0.10 032 -1.915 10.4 51.0 180 18 045 1.0
00:31:10 -34

180
-298 48 0 0.07 -0.18 0.08 032 -1.661 -4.8 51.0

b

180 22 045 1.0
0:31:20 -34

180
-297 55 0 0.15 -0.24 0.13

:31:30
031 -2.377 -5.5 51.0 180 25 045 1.0

-33
180

-296 60 0 0.27 -0.28 0.18 031 -2.886 -1.9 51.0 180 16 045 1.0
do:31:40 -33

180
-295 61 0 0.39 -0.28 0.18 030 -2.951 2.7 51.0 180 17 045 1.0

00:31:50 -32
180

-293 61 0 0.54 -0.26 0.13 030 -2.495 7.8 51.0 180 15 045 1.0
00:32:00 -31

180
-290 61 0 0.67 -0.18 0.04 030 -1.402 10.9 51.0 180 15 045 1.0

00:32:10 -29 -286 61
180

0 0.83 -0.18 -0.06 029 -0.716 12.8 51.0 180 14 045 1.0
00:32:20 -28 -282 61

180
0 0.90 -0.13 -0.17 029 0.262 12.1 98.0

00:32:30 -26
180 19 045 1.0 180

-277 62 0 0.98 -0.11 -0.25 029 0.904 9.6 98.0
00:32:40 -24 -272 34 0

180 15
1.00

045 1.0 180
-0.14 -0.28 030 0.882 6.4 98.0 180 19 045 1.0

00:32:50 -23
180

-267 29 0 0.94 -0.17 -0.29 030 0.770 4.1 98.0 180 20
00:33:00 -21

045 1.0 180
-263 29 0 0.88 -0.10 -0.29 030

00:33:10
1.185 0.7 98.0 180 17

-20
045 1.0 180

-258 29 0 0.82 -0.09 -0.28 030 1.204
00:33:20

-2.8 98.0 180 13
-19

045 1.0 180
-254 25 0 0.79 -0.09 -0.26 030 1.047 -6.0 98.0 180 23 045 1.0

00:33:30 -18
180

-250 25 0 0.72 -0.11 -0.24 030 0.811 -8.6 98.0 180 23 045 1.0
00:33:40 -17

180
-247 25 0 0.65 -0.12 -0.21 031 0.561 -10.6 98.0 180 20 045 1.0

00:33:50 -16
180

-244 25 0 0.60 -0.12 -0.18 031 0.426 -15.4 98.0 180 19 045 1.0
00:34:00 -15

180
-241 25 0 0.55 -0.19 -0.13 031 -0.407 -34.4 98.0

00:34:10 -14
180 21 045 1.0 180

-238 25 0 0.50 -0.19 -0.06 031 -0.782 -35.0
00:34:20

98.0 180 19 045 1.0
-13

180
-236 25 0 0.46 -0.25 0.00 030 -1.575 -35.0 98.0 180 22 045 1.0

00:34:30 -13
180

-233 25 0 0.41 -0.31 0.06 030 -2.373 -29.7 98.0 180 20
00:34;40 -12

045 1.0 180
-231 25 0 0.35 -0.38 0.10 030 -3.046 -18.6 98.0

00:34:50
180 18

-12
045 1.0 180

-230 25 0 0.29 -0.46 0.12 029 -3.684 -16.1 98.0
00:35:00

180 21
-13

045 1.0 180
-228 25 0 0.21 -0.50 0.14 028 -4.087 -25.1 98.0 180 23

00:35:10 :13 -227 25 0 0.16
045 1.0 180

-0.46 0.15 028 -3.897 -9.7 98.0 180 17 045 1.0
00:35:20 -13

180
-226 25 0 0.12 -0.48 0.14 027

00:35:30
-3.882 3.7 98.0 180 15

-14
045 1.0 180

-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
00:35:50 -15

180
-224 25 0 -0.05 -0.43 0.06 025 -3.127 -4.9 98.0

00:36:00
180 15

-17
045 1.0 180

-224 25 0 -0.08 -0.47 0.06 025 -3.364 3.1 98.0 180 13 045 1.0
00:36:10 -18 -224 33

180
0 -0.12 -0.42 0.03 024

00:36:20
-2.892 9.8 98.0 180 14 045 1.0

-19
180

-224 46 0 -0.12 -0.38 -0.02 024 -2.261 14.3 98.0
00:36:30

180 16
-20

045 1.0 180
-224 57 0 -0.05 -0.31 -0.12 024 -1.229

00:36;40
14.6 98-0 180 21

-21
045 1.0 180

-224 60 0 0.05 -0.35 -0.24 023 -0.733 14.3 98.0 180 19 045 1.0
00:36:50 -23

180
-223 61 0 0.12 -0.33 -0.33 023

00:37:00
-0.030 11.9 98.0 180 20 045 1.0

-24 -221 61
180

0 0.21 -0.36 -0.41 023 0.300 11.0 98.0 180 22 045 1.0
00:37:10 -25

180
-219 61 0 0.28 -0.39 -0.47 023 0.501 9.5 98.0

00;37:20 -27
180 22 045 1.0 180

-217 61 0 0.37 -0.37 -0.50 024 0.820 6.7 98.0 180 14
00:37:30 -28

045 1.0 180
-214 61 0 0.45 -0.39 -0.45 024 0.347 -10.4 98.0

00:37:40 -29
180 15 045 1.0 180

-211 61 0 0.52 -0.53 -0.21 024 -2.063 -23.9

k

;37:50
98.0 180 18 045 1.0

-29
180

-207 61 0 0.60 -0.62 -0.02 023 -3.863 -11.9 98.0
:38:00

180 23
-30

045 1.0 180
-204 28 0 0.63 -0.70 0.02 022 -4.521 1.7 98.0

00:38;10 -30
180 20 045 1.0 180

-200 26 0 0.57 -0.69 -0.03 022 -4.179 16.5 98.0 180 20 045 1.0
00:38:20 -31

180
-197 26 0 0.51 -0.54 -0.10 021 -2.746 35.0 98.0 180 18 045 1.0

00:38:30 -31
180

-194 26 0 0.48 -0.50 -0.19 ,021 -1.991 35.0 98.0
00:38:40 -32

180 22 045 1.0 180
-191 26 0 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) ‘rum Rudder Gill \iind Current

HH:MM:SS East North Port Stbd Long BOW Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
----------------------------------------------------------------------------------------------------------------------------

k

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
: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
00:39:20

180 21 045 1.0 180
-38 -182 39 0 0.24 -0.50 -0.58 020 0.521 35.0 98.0 180 18 045 1.0

00:39:30
180

-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 16 045 1.0
00:39:50

180
-46 -175 60 0 0.30 -0.13 -1.18 022 6.658 35.0 98.0

00:40:00
180 22 045 1.0 180

-48 -172 61 0 0.33 -0.02 -1.37 023 8.610 35.0 98.0 180 22

00:40:10
045 1.0 180

-51 -169 61 0 0.36 0.10 -1.52 025 10.307 35.0 98.0
00:40:20

180 22 045 1.0 180
-53 -166 47 0 0.34 0.19 -1.58 026 11.220 35.0 98.0

00:40:30
180 16 045 1.0 180

-56 -162 45 0 0.31 0.26 -1.53 028 11.338 22.6 98.0 180 19 045 1.0
00:40:40

180
-58 -160 45 0 0.30 0.25 -1.43 030 10.687 29.7 98.0

00:40:50
180 19 045 1.0 180

-59 -157 45 0 0.28 0.32 -1.41 032 11.001 35.0 98.0
00:41:00

180 20 045 1.0 180
-61 -154 45 0 0.25 0.40 -1.37 034 11.206 24.5 98.0

00:41:10
180 17 045 1.0 180

-62 -152 45 0 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 0 0.25 0.23 -1.02 037 7.9,68 -13.5 98.0
00:41:30

180 16 045 1.0 180
-64 -147 44 0 0.24 0.11 -0.76 038 5.508 -32.5 98.0 180 18 045 1.0

00:41:40
180

-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
00:42:20

180 23 045 1.0 180
-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 0 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 -3.792 11.9 98.0
00:42:50

180 19 045 1.0 180
-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
00:43:10

180 17 045 1.0 180
-60 -135 45 0 0.26 -0.09 0.05 035 -0.888 14.2 98.0

00:43:20
180 20 045 1.0 180

-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
00:44:10

98.0 180 19 045 1.0 180
-57 -127 38 0 0.26 0.00 -0.14 036 0.863 3.0 98.0 180 20 045 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 0.22 -0.05 -0.11 036 0.342 1.1
00:44:40

98.0 180 15 045 1.0 180
-56 -123 38 0 0.19 -0.06 -0.09 036 0.190 1.1 98.0 180 16 045 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

k

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
:45:20 -54 -119 38 0 0.28 -0.02 -0.01 036 -0.052 1.3 98.0 180 22

0:45:30
045 1.0 180

-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
00:45:50

180 18 045 1.0 180
-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 0 0.14 -0.02 0.00 036 -0.143 5.7 98.0 180 13 045 1.0
00:46:20

180
-50 -114 29 0 0.12 -0.01 -0.01 036 -0.041 5.5

00:46:30
98.0 180 21 045 1.0 180

-50 -113 29 0 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 0 -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
00:47:10

180 23 045 1.0 180
-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
00:47:30

98.0 180 20 045 1.0 180
-52 -115 55 0 -0.13 -0.12 0.15 035 -1.704 3.3

00:47:40
98.0 180 22 045 1.0 180

-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
00:48:10

180
-51 -114 62 0 0.25 -0.07 0.05 034 -0.770 -3.7 98.0 180 16 045 1.0

00:48:20
180

-51 -112 62 0 0.36 -0.09 0.10 034 -1.204 -1.0
00:48:30

98.0 180 17
-111 62

045 1.0 180
-49 0 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
00:49:00

98.0 180 16 045 1.0 180
-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. 0 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
00:50:00

180 19 045 1.0 180
-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 0 -0.13 -0.06 -0.17 032 0.655 0.6 98.0 180 20 045 1.0
00:51:10

180
-41 -89 39 0 -0.17 -0.17 -0.11 032 -0.369 -18.4 83.0

00:51:20
180 23 045 1.0 180

-42 -89 42 0 -0.16 -0.26 0.03 032 -1.854
00:51:30

-23.2 47.0 180 17 045 1.0 180
-43 -89 45 0 -0.12 -0.32 0.11 031 -2.717 -7.1 47.0 180 13 045 1.0

P

180
:51:40 -43 -89 45 0 -0.06 -0.30 0.11 031 -2.637
:51;50

8.6 27.0 180 14 045 1.0 180
-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) RPM Speed (Rnots) Turn Rudder Gill Wind Current
HH:MM:SS East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
----------------------------------------------------------------------------------------------------------------------------

!

:52:40 -45 -85 28 0 0.11 -0.16 -0.0s 030 -0.441 9.9 100.0 180 22 045 1.0
:52:50

180
-45 -85 0 0 0.08 -0.13 -0.11 030 -0.163 8.7 100.0 180 22 045 1.0

:53:00
180

-46 -84 0 0 0.02 -0.19 -0.12 030 -0.481 12.0 100.0 180 17 045 1.0 180
00:53:10 -47 -84 -28 0 -0.07 -0.19 -0.13 029 -0.336 11.8 100.0 180 21 045 1.0 180
00:53:20 -48 -84 -51 0 -0.21 -0.27 -0.14 029
00:53:30

-0.854 14.7 100.0 180 21 045 1.0 180
-50 -85 -38 0 -0.38 -0.30 -0.13 029 -1.066 17.0 100.0 180 20 045 1.0 180

00;53 :40 -52 -86 0 0 -0.47 -0.32 -0.13 029 -1.221 20.2 100.0 180 15 045 1.0 180
00:53:50 -54 -88 0 0 -0.55 -0.35 -0.13 029 -1.402 24.6 100.0 180 18 045 1.0 180

i
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● Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

●

.

Start Time [hrs:min:sec]: 00:26:4
End Time [hrs:min:sec]: 00:53:5
Delta Plot Time [see]: 3

0
03 -Feb-99 I

East-West Scale [m]: 926
Date: Time: 13:31:11 East-West Scale [Nm]: 0.500
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Simulation Number:

HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

16 Date: 3 February 1999
Start Time: 14:36
Length of run [sees]: 2940

Ship Condition: draft =13.72 m

Environment
Wind Speed ~ots]: . . . . . . . . . . . . . . . . . . . . . . . . 20 Direction: 45

Sea State, Significant wave height [m]:.. 3 Direction: 225

Current Speed @nets] :. . . . . . . . . . . . . . . . . . . . .. 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:

Thejinal 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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Iug.ustm rage 1

Shiphandl ing Simulator Exercise date & time: 03-Feb-99
14:36:21

Ship: 591 150,000 ton, Tanker, partial load
Exercise number: 754 Suction Mooring System

k

cenario: 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: RUN e 16

.
Time Position (m) RPM Speed (Xnots) Turn Rudder Gill Wind Current

HH:MN:SS East North Port Stbd Long Bow Stem Heading DegfMin Deg % Deg Knots Deg Xnots Deg
---------------------------------------------- ------------------------------------------------------------------------------

00:23:20 -90 -453 40 0 1.30 -0.02 -0.72 034 4.458
00:23:30

-19.0 27.0 180 10 045 1.0
-88

180
-447 40 0 1.32 -0.08 -0.55 034 2.977 -29.0

00:23:40
27.0 180 17

-85
045 1.0 180

-440 40 0 1.32 -0.19 -0.36 035 1.093 -35.0 27.0
00:23:50

180 19
-82

045 1.0 180
-434 40 0 1.32 -0.26 -0.18 035 -0.499 -35.0 27.0

00:24:00
180 23

-79
045 1.0 180

-428 40 0 1.31 -0.31 -0.02 035 -1.799 -35.0 50.0 180 20
00:24:10 -76

045 1.0 180
-422 35 0 1.32 -0.35 0.12 034 -2.977 -35.0 50.0 180 21 045 1.0

00:24:20 -72
180

-416 25 0 1.31 -0.33 0.17 034 -3.203 -35.0 100.0
00:24;30

180 20
-69

045 1.0 180
-410 25 0 1.25 -0.29 0.21 033 -3.158 -35.0 100.0 180 23

00:24:40 -66
045 1.0 180

-405 25 0 1.19 -0.29 0.25 033 -3.460 -35.0 100.0 180 19
00:24:50 -63

045 1.0 180
-400 25 0 1.14 -0.34 0.29 032 -4,001 -35.0 100.0 180 20 045 1.0

00;25:00 -60
180

-395 25 0 1.08 -0.40 0.33 031 -4.611 -35.0 100.0 180 19
00;25:10 -57 -390 25

045 1.0 180
0 0.99 -0.39 0.36 031 -4.797 -35.0 100.0 180 21 045 1.0

00:25:20 -55
180

-386 25 0 0.94 -0.41 0.40 030 -5.146 -35.0 100.0 180 18
00:25:30 -52 -382 25 0

045 1.0 180
0.89 -0.46 0.43 029 -5.660

00;25:40 -50 -378 25
-35.0 100.0 180 19

0
045 1.0 180

0.81 -0.47 0.46 028 -5.909 -35.0 100.0
00:25;50 -49 -374 25

180 18
0 0.75

045 1.0 180
-0.49 0.48 027

00;26:00
-6.211 -35.0 100.0

-47 -371 25
180 22

0
045 1.0 180

0.66 -0.56 0.51 026 -6.817 -35.0 100.0
00;26:10

180 19
-46

045 1.0 180
-368 25 0 0.61 -0.58 0.53 025 -7.053

00;26:20 -45
-35.0 52.0 180 18 045 1.0 180

-365 25 0 0.60 -0.58 0.55 023
00:26:30

-7.190 -35.0 28.0 180 15 045 1.0
-43 -362 25

180
0 0.59 -0.54 0.57 022 -7.052 -27.1 28.0

00:26:40
180 18

-42
045 1.0 180

-359 25 0 0.61 -0.48 0.56 021 -6.555 -8.1 28.0 180 17
00:26:50 -41 -356 25

045 1.0 180
0 0.62 -0.51 0.51 020 -6.433 10.9 28.0

00:27:00 -40
180 18 045 1.0 180

-353 25 0 0.63 -0.54 0.42 019 -6.113 29.9 28.0 180 19
00:27:10 -39

045 1.0 180
-350 25 0 0.61 -0.49 0.31 018 -5.087 35.0 28.0 180 19

00;27:20
045 1.0

-39 -347 27 0 0.61
180

-0.53 0.21 017 -4.712 35.0 28.0 180 17
00:27:30 -39 -344 38

045 1.0
0 0.63

180
-0.51 0.07 016 -3.700 35.0 28.0 180 18

00:27:40
045 1.0

-39
180

-340 38 0 0.67 -0.49 -0.09 016 -2.495 35.0 28.0 180 17
00:27:50

045 1.0
-40

180
-336 29 0 0.66 -0.38 -0.23 016 -0.991 35.0 28.0 180 18

h

045 1.0
0:28:00 -41

180
-333 29 0 0.68 -0.47 -0.33 016 -0.898 35.0 0.0 180 22 045 1.0

:28:10 -42
180

-329 29 0 0.67 -0.53 -0.43 015 -0.609 35.0 0.0 180 22 045 1.0
:28:20 -43

180
-325 42 0 0.65 -0.46 -0.56 015 0.617 35.0 0.0 180 18 045 1.0

00:28:30 -45
180

-321 51 0 0.71 -0.33 -0.75 016 2.663 35.0 0.0
00:28:40 -47

180 17 045 1.0 180
-316 51 0 0.77 -0.19 -0.94 016 4.753

00:28:50
35.0 0.0 180 17 045 1.0

-48
180

-311 51 0 0.83 -0.05 -1.10 017 6.622 35.0 0.0
00:29:00 -50 -306 50 0

180 13
0.88

045 1.0 180
0.05 -1.23 018 8.153 35.0 0.0 180 17

00:29:10 -51
045 1.0 180

-301 27 0 0.87 0.01 -1.25 020 7.976 35.0 0.0 180 20 045 1.0
00:29:20 -53

180
-296 27 0 0.85 0.02 -1.24 021 7.972 35.0 0.0

00:29:30 -54
180 20 045 1.0 180

-291 27 0 0.83 -0.07 -1.24 022 7.372 35.0 26.0 180 19 045 1.0
00:29:40 -56

180
-285 27 0 0.79 -0.05 -1.25 024 7.622 33.7 52.0

00:29:50 -57
180 23 045 1.0 180

-280 27 0 0.76 -0.01 -1.23 025 7.758
00:30:00

19.4 52.0
-58 -276 27

180 19
0 0.73

045 1.0 180
-0.04 -1.21 026 7.469 24.1 52.0 180 20 045 1.0

00:30:10 -60
180

-271 27 0 0.69 -0.10 -1.17 027 6.790 5.1 98.0
00:30:20

180 20 045 1.0
-61

180
-266 27 0 0.59 -0.15 -1.08 029 5.932 -13.9 98.0

00:30:30
180 20 045 1.0

-62 -263 27 0 0.49
180

-0.18 -0.96 029 4.967 -32.9 98.0
00:30:40 -63

180 16 045 1.0 180
-259 27 0 0.43 -0.23 -0.83 030 3.796 -35.0 98.0

00:30:50
180 21 045 1.0

-65 -256 27 0 0.37
180

-0.27 -0.71 031 2.787 -35.0 98.0 180 18 045 1.0
00:31:00 -66

180
-253 27 0 0.32 -0.23 -0.60 031

00:31:10
2.327 -35.0

-67
49.0 180 18 045 1.0 180

-251 38 0 0.33 -0.28 -0.46 031 1.179 -35.0 49.0 180 22
00:31:20

045 1.0
-67 -248 48 0 0.36

180
-0.41 -0.24 031 -1.075 -35.0 49.0

00:31:30 -68 -246 48
180 25

0 0.42
045 1.0 180

-0.53 -0.01 031 -3.290 -35.0 26.0 180 16 045 1.0
00:31:40 -67 -243 48 0 0.48

180
-0.64 0.20 030 -5.334 -35.0 26.0 180 17 045 1.0

00:31:50 -67 -240 47 0 0.55
180

-0.75 0.40 029 -7.306 -35.0 26.0 180 15 045 1.0
DO:32:O0 -66 -237 48 0 0.63

180
-0.79 0.56 028 -8.572 -23.6 26.0

00:32:10 -65
180 15 045 1.0 180

-234 48 0 0.74 -0.85 0.59 026 -9.194 -4.6 26.0 180 14 045 1.0
00:32:20 -64 -230 45 0 0.80

180
-0.80 0.50 025 -8.257 14.4 26.0 180 19 045 1.0

DO:32:30 -63 -226 36 0 0.80 -0.73
180

0.36 024 -6.925 33.4 100.0
DO:32:40 -63

180 15 045 1.0 180
-222 36 0 0.75 -0.70 0.19 023 -5.660 35.0 100.0 180 19 045 1.0

DO:32:50 -63
180

-218 36 0 0.72 -0.65 0.03 022 -4.315 35.0 100.0
DO;33:O0 -63

180 20 045 1.0 180
-214 36 0 0.67 -0.48 -0.12 021 -2.272 35.0 100.0

30:33:10 -63
180 17 045 1.0 180

-210 36 0 0.67 -0.37 -0.25 021 -0.761 35.0 28.0 180 13 045 1.0
30:33:20 -63 -206 36 0 0.70

180
-0.30 -0.38 021 0.488 35.0 28.0 180 23 045 1.0

30:33:30 -64
180

-202 42 0 0.71 -0.25 -0.51 021 1.626 35.0 28.0 180 23 045 1.0
30:33:40 -64

180
-198 55 0 0.74 -0.15 -0.70 022 3.490 35.0 28.0 180 20

30:33:50
045 1.0

-65
180

-193 60 0 0.83 0.02 -0.94 022 6.094 35.0 28.0 180 19 045 1.0
30:34:00 -65

180
-188 62 0 0.93 0.09 -1.17 024 7.985 35.0 28.0

30:34:10 -66 -183 62 0
180 21 045 1.0 180

1.01 0.27 -1.36 025 10.402 35.0 51.0 180 19
)0:34:20

045 1.0
-66

180
-176 62 0 1.08 0.35 -1.52 027 11.855 35.0 100.0

R

:34:30
180 22

-66
045 1.0 180

-170 63 0 1.10 0.40 -1.64 029 12.951 35.0 100.0
;34:40

180 20 045 1.0
-66

180
-164 39 0 1.07 0.42 -1.68

:34:50
031 13.310 35.0 100.0 180 18 045 1.0

-66 -157 29
180

0 0.97 0.37 -1.60 033 12.471 35.0 100.0 180 21
10:35:00 -66

045 1.0 180
-152 25 0 0.84 0.36 -1.51 035 11.843 24.6 100.0 180 23 045 1.0

10:35:10 -66 -147 0
180

0 0.73 0.39 -1.40 037 11.357
)0:35:20

5.6 100.0 180 17 045 1.0
-66 -143 0

180
0 0.63 0.39 -1.31 039 10.783 -13.4 100.0 180 15 045 1.0 180



_.. ---- .Og.ascll

Time
HH:MM:SS
-----------

0’
0:35:30

:35:40
0;35:50

00:36;00
00:36:10
00:36:20
00:36:30
00:36:40
00:36;50
00:37:00
00:37:10
00:37:20
00:37:30
00:37:40
00:37:50
00:38:00
00:38:10
00:38:20
00:38:30
00:38:40
00:38:50
00:39:00
00:39:10
00:39:20
00:39:30
00:39:40
00:39:50
00:40:00
00:40:10
00:40;20
00:40:30
00:40:40
00:40:50
00:41:00
00:41:10
00:41:20
00:41:30
00:41:40

1’
0:41:50

:42:00
0:42:10

00:42:20
00:42:30
00:42:40
00:42:50
00:43:00
00:43:10
00:43:20
00:43:30
00:43:40
00:43:50
00;44:00
00:44:10
00:44:20
00:44:30
00:44:40
00:44;50
00:45:00
00:45:10
00;45:20
00:45:30
00:45:40
00:45:50
00;46:00
00:46;10
00:46:20
00:46:30
00:46:40
00:46:50
00:47:00
00:47:10
00:47:20
00:47:30
00:47:40
00:47:50
00:48:00
00:48:10

PJ

:48:20
:48:30

00:48:40
00:48:50

Position (m)
East North
---------------

-65 -139
-65 -136
-64 -133
-63 -131
-61 -128
-60 -127
-59 -125
-57 -124
-56 -123
-54 -122
-53 -121
-53 -121
-52 -121
-51 -122
-50 -122
-49 -123
-48 -124
-48 -125
-47 -125
-46 -126
-45 -126
-45 -127
-44 -127
-44 -127
-45 -127
-45 -128
-46 -129
-46 -130
-47 -131
-49 -131
-50 -132
-51 -132
-52 -132
-52 -132
-52 -132
-52 -131
-52 -130
-52 -130
-53 -129
-53 -129
-53 -129
-53 -128
-53 -128
-54 -128
-54 -127
-54 -127
-54 -126
-54 -125
-54 -124
-54 -123
-54 -122
-53 -121
-53 -119
-54 -118
-54 -117
-54 -115
-54 -114
-54 -112
-54 -111
-54 -109
-53 -107
-53 -105
-53 -104
-52 -102
-52 -1oo
-52 -99
-52 -97
-52 -96
-53 -95
-53 -93
-53 -92
-53 -90
-53 -88
-53 -86
-52 -84
-52 -82
-51 -80
-51 -77
-50 -75
-49 -72
-48 -69

RPM
Port Stbd

--------------

31 0
47 0
56 0
46 0
29 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
36 0
41 0
41 0
41 0
41 0
41 0
50 0
43 0
35 0
35 0
29 0
29 0
29 0
29 0
29 0
29 0
42 0
42 0
47 0
48 0
48 0
48 0
39 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
31 0
37 0
38 0
38 0
38 0
38 0
38 0
36 0
33 0
43 0
44 0
44 0
44 0
43 0
43 0
38 0
38 0
38 0
38 0
38 0
3a o
29 0
29 0
29 0
29 0
41 0
56 0
34 0
34 0
34 0
34 0
34 0
34 0
34 0
34 0
34 0
34 0

Sr
Long
--------

0.54
0.48
0.48
0.53
0.49
0.43
0.41
0.37
0.29
0.23
0.16
0.10
0.05
0.03
0.01
-0.01
-0.03
-0.05
-0.02
0.02
0.02
-0.01
-0.02
-0.05
-0.11
-0.15
-0.20
-0.26
-0.27
-0.26
-0.21
-0.11
-0.03
0.05
0.14
0.10
0.05
0.02
0.06
0.06
0.04
0.03
0.02
0.01
0.03
0.07
0.12
0.18
0.19
0.21
0.24
0.24
0.20
0.19
0.23
0.23
0.24
0.27
0.31
0.33
0.32
0.31
0.28
0.31
0.30
0.28
0.24
0.18
0.15
0.17
0.26
0.32
0.35
0.38
0.41
0.42
0.46
0.48
0.52
0.55
0.55

)eed (Kn
Bow

--------

0.37
0.26
0,08
-0.09
-0.12
-0.12
-0.11
-0.12
-0.13
-0.15
-0.17
-0.18
-0.21
-0.28
-0.33
-0.35
-0.31
-0.20
-0.18
-0.18
-0.15
-0.12
-0.15
-0.14
-0.12
-0.07
-0.06
-0.05
-0.01
0.05
0.16
0.19
0.17
0.11
-0.01
-0.05
-0.06
-0.08
-0.15
-0.16
-0.18
-0.20
-0.21
-0.19
-0.13
-0.11
-0.08
-0.13
-0.14
-0.13
-0.16
-0.17
-0.13
-0.16
-0.18
-0.18
-0.14
-0.10
-0.09
-0.08
-0.09
-0.13
-0.15
-0.17
-0.16
-0.15
-0.19
-0.24
-0.19
-0.22
-0.19
-0.10
-0.10
-0.09
-0.14
-0.15
-0.20
-0.25
-0.35
-0.42
-0.52

Ots)
Stern

--------.

-1.16
-0.85
-0.48
-0.12
0.02
0.08
0.15
0.21
0.26
0.32
0.38
0.43
0.51
0.65
0.76
0.77
0.70
0.59
0.55
0.53
0.46
0.37
0.28
0.20
0.12
0.04

-0.03
-0.10
-0.19
-0.32
-0.43
-0.47
-0.40
-0.23
-0.12
-0.11
-0.11
-0.07
-0.01
0.03
0.04
0.04
0.03
0.01

-0.01
-0.02
-0.02
-0.02
-0.03
-0.05
-0.07
-0.10
-0.12
-0.13
-0.16
-0.19
-0.20
-0.21
-0.20
-0.18
-0.15
-0.13
-0.11
-0.11
-0.11
-0.11
-0.12
-0.13
-0.15
-0.17
-0.21
-0.23
-0.22
-0.21
-0.19
-0.16
-0.08
0.04
0.15
0.25
0.35

Headins
---------

041
042
043
044
043
043
043
043
042
042
041
041
040
039
038
037
036
035
034
033
033
032
031
031
031
031
031
031
031
031
031
032
033
033
034
034
034
034
034
033
033
033
033
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
032
031
031
030

Turn
DeglMin
---------

9.694
7.019
3.524
0.170

-0.882
-1.265
-1.640
-2.095
-2.516
-2.982
-3.465
-3.903
-4.533
-5.903
-6.876
-7.137
-6.454
-4.956
-4.639
-4.464
-3.915
-3.122
-2.762
-2.139
-1.520
-0.679
-0.143
0.324
1.173
2.356
3.727
4.170
3.606
2.148
0.712
0.396
0.286

-0.032
-0.868
-1.216
-1.422
-1.508
-1.499
-1.286
-0.823
-0.587
-0.401
-0.696
-0.649
-0.526
-0.571
-0.492
-0.042
-0.158
-0.097
0.066
0.372
0.684
0.717
0.603
0.370

-0.002
-0.260
-0.397
-0.349
-0.242
-0.452
-0.663
-0.251
-0.310
0.151
0.805
0.783
0.713
0.296
0.066

-0.743
-1.834
-3.144
-4.250
-5.472

Rudder Gill
Deg % Deg

--------------------

-32.4 100.0 180
-35.0 100.0 180
-35.0 100.0 180
-35.0 100.0 180
-35.0 100.0 180
-35.0 100.0 180
-35.0 100.0 180
-35.0 100.0 180
-35.0 100.0 180
-35.0 100.0 180
-35.0 100.0 180
-35.0 100.0 180
-35.0 100.0 180
-35.0 100.0 180
-19.2 100.0 180
-0.2 100.0 180
18.8 100.0 180
15.0 100.0 180
-4.0 100.0 180
7.3 100.0 180
19.0 100.0 180
30.2 74.0 180
35.0 74.0 180
35.0 100.0 180
35.0 100.0 180
35.0 100.0 180
35.0 100.0 180
35.0 100.0 180
35.0 28.0 180
35.0 0.0 180
29.3 0.0 180
10.3 0.0 180
-8.7 0.0 180
-21.7 0.0 180
-2.7 30.0 180
3.7 99.0 180
0.7 99.0 180

-18.3 23.0 180
-18.3 0.0 180
-10.5 50.0 180
-0.6 50.0 180
3.8 50.0 180
6.6 26.0 180
8.8 26.0 180
7.8 26.0 180
4.4 26.0 180
2.0 26.0 180
4.2 49.0 180
6.0 49.0 180
6.6 49.0 180
8.1 76.0 180
9.5 99.0 180
8.1 99.0 180
8.6 51.0 180
8.9 77.0 180
8.2 77.0 180
6.4 77.0 180
4.2 77.0 180
2.0 77.0 180
0.2 77.0 180

-0.8 100.0 180
0.0 100.0 180
1.5 100.0 180
3.1 76.0 180
4.1 100.0 180
4.9 100.0 180
6.3 100.0 180
9.2 100.0 180
9.2 0.0 180
9.9 0.0 180
8.5 0.0 180
5.3 0.0 180
2.6 0.0 180
0.7 0.0 180
0.3 0.0 180

-9.4 0.0 180
-28.4 0.0 180
-35.0 0.0 180
-35.0 0.0 180
-35.0 0.0 180
-35.0 0.0 180

Wind
Knots Deg

,-------------

20 045
19 045
15 045
13 045
14 045
16 045
21 045
19 045
20 045
22 045
22 045
14 045
15 045
18 045
23 045
20 045
20 045
18 045
22 045
19 045
18 045
16 045
21 045
18 045
18 045
16 045
22 045
22 045
22 045
16 045
19 045
19 045
20 045
17 045
19 045
16 045
18 045
15 045
14 045
18 045
23 045
20 045
17 045
19 045
18 045
17 045
20 045
21 045
21 045
25 045
22 045
19 045
20 045
22 045
15 045
16 045
16 045
15 045
15 045
22 045
18 045
18 045
17 045
17 045
13 045
21 045
20 045
20 045
21 045
23 045
16 045
20 045
22 045
21 045
18 045
22 045
16 045
17 045
18 045
18 045
16 045

Current
Knots Deg

-----------

1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180



o Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

[hrs:min:sec]: 00:23:20
[hrs:min:sec]: 00:49:00
Time [see]: 30

● Date: 03-Feb-99 Scale [m]: 926.
Scale [Nm]: 0.5000



HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 17 Date: 3 February 1999

Start Time: 15:38
Length of run [sees]: 2872

Ship Condition: draft =13.72 m

Environment
Wind Speed ~ots]: . . . . . . . . . . . . . . . . . . . . . . . . 20 Direction: 90

Sea State, Significant wave height [m]:.. 3 Direction: 270

Current Speed @ots]: . . . . . . . . . . . . . . . . . . . . .. I 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 thejinal 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
from beam on port side.



.“ ., C”:: D.,.. I

Shiphandling Simulator

Ship : 591 150,000 ton, Tanker, partial load
Bxercise number: 754 Suction Mooring System

k

-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: zllNti17

Time
HH:MM;SS
---------

00:23:20
00:23:30
00:23:40
00;23 :50
00:24:00
00;24 :10
00:24:20
00:24:30
00:24:40
00:24:50
00:25:00
00:25:10
00:25:20
00:25:30
00:25:40
00:25:50
00;26:00
00:26:10
00:26:20
00:26:30
00:26:40
00:26:50
00:27:00
00:27:10
00:27:20
00:27:30
00:27:40
00:27:50

P
:28:00
:28:10

0:28:20
00:28:30
00:28:40
00:28:50
00:29:00
00:29:10
00:29:20
00:29:30
00:29:40
00:29:50
00:30:00
00:30:10
00:30:20
00:30:30
00:30:40
DO:30:50
DO:31:O0
00:31:10
00:31:20
00:31:30
30:31:40
30:31:50
00:32:00
30;32:10
10:32:20
30:32:30
)0:32;40
)0:32:50
10:33:00
10;33:10
)0:33:20
)0:33:30
)0:33:40
)0:33:50
)0;34:00
)0:34:10
)0:34:20

/

:34:30
:34:40

0:34:50
)0;35:00
10:35:10
)0:35:20

.

Positi
East

--------

-41
-41
-40
-40
-40
-40
-40
-40
-39
-40
-40
-41
-42
-43
-45
-46
-47
-48
-49
-50
-51
-53
-54
-56
-59
-61
-63
-65
-67
-69
-72
-73
-75
-76
-77
-77
-78
-78
-78
-78
-78
-78
-78
-78
-78
-78
-70
-77
-75
-74
-73
-72
-70
-69
-69
-69
-69
-70
-70
-71
-71
-71
-71
-71
-71
-71
-71
-71
-71
-71
-72
-73
-73

on (m)
North

--------

-438
-431
-424
-417
-411
-405
-399
-393
-388
-383
-378
-373
-368
-363
-359
-354
-349
-344
-339
-334
-329
-324
-320
-315
-310
-305
-299
-293
-286
-280
-273
-267
-261
-256
-251
-246
-242
-237
-233
-228
-224
-220
-215
-211
-206
-202
-198
-194
-189
-185
-180
-174
-169
-163
-158
-152
-146
-141
-135
-130
-125
-120
-115
-111
-107
-103
-100
-96
-93
-90
-87
-85
-82

RPM
Port Stbd
--------------

29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
26 0
26 0
26 0
26 0
26 0
39 0
52 0
58 0
55 0
48 0
29 0
29 0
29 0
29 0
31 0
43 0
47 0
55 0
58 0
57 0
54 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
37 0
44 0
44 0
44 0
44 0
44 0
44 0
44 0
38 0
29 0
29 0
29 0
43 0
56 0
54 0
44 0
39 0
39 0
39 0
30 0
30 0
30 0
30 0
40 0
38 0
38 0
25 0
25 0

Speed (m
Long BOW
---------------

1.23 -0.79
1.18 -0.75
1.12 -0.82
1.06 -0.82
1.00 -0.76
0.95 -0.73
0.92 -0.71
0.87 -0.62
0.82 -0.65
0.78 -0.77
0.74 -0.91
0.68 -0.89
0.64 -0.91
0.61 -1.01
0.62 -1.09
0.68 -1.23
0.75 -1.33
0.80 -1.22
0.80 -1.06
0.76 -0.85
0.73 -0.65
0.69 -0.63
0.65 -0.64
0.63 -0.52
0.67 -0.52
0.73 -0.50
0.82 -0.46
0.86 -0.24
0.91 -0.25
0.86 -0.30
0.79 -0.24
0.74 -0.16
0.67 -0.08
0.63 -0.03
0.61 -0.03
0.59 -0.17
0.58 -0.22
0.58 -0.42
0.58 -0.47
0.59 -0.47
0.60 -0.58
0.61 -0.73
0.61 -0.82
0.60 -0.83
0.62 -0.86
0.64 -0.88
0.69 -0.78
0.76 -0.81
0.83 -0.88
0.90 -0.84
0.95 -0.74
0.96 -0.64
0.96 -0.44
0.96 -0.45
0.90 -0.42
0.84 -0.41
0.76 -0.47
0.71 -0.46
0.69 -0.20
0.70 -0.03
0.71 0.06
0.65 0.09
0.59 0.12
0.54 0.19
0.49 0.10
0.43 0.20
0.38 0.16
0.32 0.10
0.27 0.04
0.23 -0.05
0.17 -0.04
0.12 0.06
0.07 0.04

lots)
Stern

-------.

-0.77
-0.71
-0.70
-0.66
-0.61
-0.57
-0.52
-0.45
-0.43
-0.45
-0.48
-0.46
-0.45
-0.44
-0.27
-0.04
-0.01
-0.12
-0.27
-0.40
-0.50
-0.68
-0.86
-1.00
-1.22
-1.31
-1.45
-1.62
-1.82
-1.87
-1.83
-1.76
-1.67
-1.54
-1.37
-1.21
-1.03
-0.91
-0.79
-0.67
-0.58
-0.51
-0.44
-0.37
-0.31
-0.23
-0.04
0.09
0.10
0.02

-0.12
-0.32
-0.51
-0.74
-0.86
-0.96
-1.06
-1.16
-1.27
-1.40
-1.47
-1.46
-1.44
-1.39
-1.34
-1.26
-1.20
-1.14
-1.11
-1.09
-1.07
-1.02
-0.94

Heading
----------

036
036
036
036 \
035
035
035
035
035
034
034
034
033
033
032
031
029
028
027
026
026
026
026
027
027
028
029
030
032
034
035
037
039
040
042
043
044
045
045
045
045
045
045
045
044
043
043
042
041
040
039
039
038
039
039
040
040
041
042
043
045
046
048
050
051
053
054
056
057
058
059
060
061

Turn
DegfMin

----------

-0.147
-0.254
-0.812
-1.011
-0.953
-1.053
-1.237
-1.051
-1.370
-2.022
-2.718
-2.686
-2.910
-3.657
-5.240
-7.549
-8.367
-7.027
-5.037
-2.903
-0.938
0.338
1.406
3.058
4.481
5.166
6.255
8.761
9.986
9.933

10.095
10.159
10.108
9.575
8.529
6.605
5.182
3.109
2.004
1.298
0.001

-1.401
-2.397
-2.919
-3.508
-4.161
-4.691
-5.718
-6.240
-5.454
-3.892
-2.040
0.431
1.819
2.812
3.505
3.741
4.410
6.799
8.655
9.737
9.852
9.847

10.038
9.138
9.307
8.614
7.871
7.268
6.625
6.488
6.832
6.219

Rudde
Deg

--------

-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-26.0
-7.0
12.0
31.0
35.0
35.0
35.0
35.0
35.0
26.4
12.2
31.2
35.0
35.0
35.0
35.0
35.0
23.0
4.0

-15.0
-34.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-25.1
-7.3
9.4

21.3
28.8
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0

Sxercise date & time: 03-Feb-99
15:38:37

r Gill
% Deg

-------------

100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
53.0 180
53.0 180
53.0 180
53.0 180
53.0 180
53.0 180
53.0 180
53.0 180
77.0 180
77.0 180
48.0 180
48.0 180
27.0 180
27.0 180
27.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180

25.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180
99.0 180

Win
Rnots

10
17
19
23
20
21
20
23
19
20
19
21
18
19
18
22
19
18
15
18
17
18
19
19
17
18
17
18
22
22
18
17
17
13
17
20
20
19
23
19
20
20
20
16
21
18
18
22
25
16
17
15
15
14
19
15
19
20
17
13
23
23
20
19
21
19
22
20
18
21
23
17
15

id
Deg
-----

090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090

Current
Xnots Deg

------------

1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180



;.-&..

Time
H:KM:SS
---------

I

:35:30
:35:40

0:35:50
0:36:00
0:36:10
0:36:20
D:36:30
D:36:40
0:36:50
D:37;O0
D:37;1O
0:37:20
0:37;30
0:37:40
0:37:50
0:38:00
0:38:10
0:38:20
0:38:30
0:38:40
0:38:50
D:39:O0
D:39:1O
0:39:20
0:39:30
D:39:40
0;39;50
D:40:O0
D:4O:1O
D:40:20
D:40:30
D:40:40
0:40:50
3:41:00
3;41:10
3:41:20
):41;30
3:41:40
3:41:50
),42:00
1:42:10
):42:20
1:42:30
):42;40
1:42:50
):43:00
):43:10
):43:20
):43:30
):43:40
):43:50
1:44:00
):44:10
):44:20
):44:30
1:44:40
1:44:50
1:45:00
):45:10
):45:20
):45:30
):45:40
):45:50
):46:00
):46:10
):46:20
):46:30
):46:40
):46:50
):47:00
):47:10
):47:20
):47:30
):47:40
):47:50

Position (m)
East North
----------------

-74 -80
-75 -79
-77 -77
-78 -76
-79 -75
-81 -75
-83 -74
-84 -74
-86 -74
-89 -73
-91 -73
-94 -73
-96 -73
-98 -73
-99 -73

-1oo -73
-1oo -72
-99 -72
-98 -71
-97 -70
-95 -70
-93 -69
-92 -69
-90 -68
-89 -67
-87 -66
-86 -65
-85 -65
-85 -64
-64 -64
-84 -64
-84 -64
-84 -64
-85 -64
-85 -64
-85 -64
-85 -64
-85 -64
-85 -63
-85 -63
-86 -63
-86 -62
-86 -62
-87 -62
-87 -62
-87 -62
-87 -62
-87 -61
-87 -61
-87 -61
-87 -60
-87 -60
-86 -59
-86 -58
-86 -57
-86 -57
-86 -56
-86 -55
-86 -54
-86 -54
-86 -53
-85 -52
-86 -52
-86 -51
-86 -50
-86 -49
-87 -48
-88 -47
-89 -46
-90 -46
-91 -45
-93 -44
-94 -43
-95 -43
-96 -42

RPM
Port Stbd
-------------.

28 0
28 0
28 0
28 0
28 0
28 0
28 0
28 0
28 0
28 0
28 0
43 0
49 0
53 0
54 0
59 0
62 0
52 0
34 0
34 0
34 0
34 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
26 0
29 0
34 0
34 0
28 0
28 0
28 0
28 0
28 0
28 0
28 0
25 0
25 0
26 0
33 0
26 0
25 0
25 0
25 0
25 0
25 0
25 0
25 0
25 0
25 0
25 0
25 0
25 0
25 0
0 0
0 0
0 0

speed (ho
Long Bow

-----------------

0.00 0.03
-0.06 0.13
-0.13 0.10
-0.16 0.06
-0.21 0.13
-0.26 0.16
-0.28 0.19
-0.31 0.09
-0.37 0.06
-0.41 0.02
-0.47 -0.03
-0.45 -0.03
-0.37 -0.02
-0.28 -0.09
-0.18 -0.14
-0.04 -0.19
0.09 -0.16
0.22 -0.06
0.27 -0.06
0.31 -0.05
0.34 -0.05
0.34 -0.05
0.36 -0.14
0.33 -0.15
0.29 -0.15
0.27 -0.11
0.24 -0.14
0.19 -0.17
0.13 -0.18
0.05 -0.17
0.00 -0.08

-0.03 -0.06
-0.03 -0.01
-0.03 0.05
0.00 -0.05
0.00 -0.10

-0.01 -0.11
-0.03 -0.09
-0.01 -0.15
-0.02 -0.15
-0.04 -0.18
-0.04 -0.21
-0.05 -0.24
-0.06 -0.23
-0.04 -0.16
-0.01 -0.11
0.02 -0.02
0.05 -0.10
0.05 -0.14
0.06 -0.16
0.08 -0.24
0.10 -0.32
0.10 -0.28
0.11 -0.36
0.11 -0.42
0.09 -0.43
0.06 -0.37
0.07 -0.26
0.09 -0.19
0.08 -0.12
0.07 -0-10
0.07 -0.13
0.05 -0.16
0.05 -0.20
0.01 -0.16
0.00 -0.15

-0.02 -0.23
-0.06 -0.34
-0.12 -0.26
-0.12 -0.33
-0.12 -0.30
-0.12 -0.16
-0.12 -0.15
-0.13 -0.12
-0.15 -0.20

ts)
Stem
------.

-0.87
-0.81
-0.74
-0.69
-0.63
-0.58
-0.53
-0.49
-0.44
-0.43
-0.40
-0.36
-0.30
-0.15
0.00
0.03

-0.01
0.01
0.04
0.05
0.06
0.06
0.06
0.05
0.03
0.04
0.07
0.10
0.11
0.09
0.06
0.03
0.02
0.03
0.04
0.02
0.00

-0.01
-0.01
0.02
0.04
0.05
0.05
0.07
0.10
0.07
0.01
0.01
0.03
0.05
0.07
0.12
0.15
0.16
0.15
0.13
0.09
0.03

-0.03
-0.07
-0.09
-0.11
-0.13
-0.16
-0.17
-0.18
-0.20
-0.22
-0.23
-0.24
-0.25
-0.26
-0.26
-0.24
-0.23

Heading
---------

062
063
064
065
066
067
067
068
069
069
070
070
070
070
070
070
070
070
070
070
070
069
069
069
069
069
069
068
068
068
067
067
067
067
067
067
067
067
067
067
066
066
066
066
065
065
065
065
065
065
064
064
063
063
062
P62
061
061
061
060
060
060
060
060
060
060
060
060
060
060
060
060
060
060
060

Turn
DegfMin
----------

5.732
5.922
5.353
4.749
4.825
4.684
4.560
3.678
3.224
2.863
2.361
2.113
1.793
0.352
-0.857
-1.382
-0.910
-0.412
-0.621
-0.651
-0.659
-0.708
-1.238
-1.247
-1.177
-0.920
-1.347
-1.724
-1.818
-1.649
,-0.907
-0.611
-0.166
0.153

-0.580
-0.772
-0.663
-0.464
-0.906
-1.118
-1.433
-1.695
-1.847
-1.886
-1.633
-1.150
-0.172
-0.671
-1.101
-1.309
-1.944
-2.793
-2.711
-3.310
-3.664
-3.592 .
-2.954
-1.843
-0.971
-0.369
-0.064
-0.093
-0.163
-0.268
0.094
0.230

-0.215
-0.739
-0.164
-0.558
-0.333
0.596
0.690
0.759
0.183

Rudder Gill
Deg % Deg
-------------------

35.0 99.0 180
35.0 99.0 180
35.0 99.0 180
35.0 99.0 180
35.0 99.0 180
35.0 99.0 180
35.0 99.0 180
35.0 99.0 180
21.7 99.0 180
8.9 99.0 180
3.0 99.0 180

-3.3 0.0 180
-9.2 0.0 180
-9.4 0.0 180
-1.8 0.0 180
15.0 0.0 180
9.4 0.0 180
4.5 0.0 180
6.0 50.0 180
8.2 50.0 180
9.6 50.0 180

12.0 50.0 180
16.4 73.0 180
20.7 73.0 180
23.1 73.0 180
4.1 73.0 180

-3.2 100.0 180
5.5 100.0 180

16.0 100.0 180
33.4 100.0 180
35.0 100.0 180
35.0 70.0 180
22.7 53.0 180
9.1 27.0 180

26.4 27.0 180
35.0 27.0 180
31.9 51.0 180
28.5 51.0 180
12.7 51.0 180
7.5 51.0 180

13.4 26.0 180
18.3 26.0 180
22.6 26.0 180
3.6 26.0 180

12.2 26.0 180
31.2 26.0 180
28.4 26.0 180
9.3 26.0 180
5.1 26.0 180

10.2 26.0 180
-3.4 26.0 180

-10.1 26.0 180
2.2 26.0 180
9.7 26.0 180

19.2 26.0 180
30.0 50.0 180
35.0 50.0 180
35.0 50.0 180
35.0 50.0 180
32.9 50.0 180
29.8 50.0 180
30.6 50.0 180
31.0 62.0 180
32.7 76.0 180
30.3 76.0 180
28.7 76.0 180
35.0 76.0 180
35.0 76.0 180
35.0 1.0 180
35.0 0.0 180
35.0 0.0 180
35.0 0.0 180
35.0 0.0 180
35.0 0.0 180
17.4 0.0 180

Wind
Rnots Deg
-------------

20 090
19 090
15 090
13 090
14 090
16 090
21 090
19 090
20 090
22 090
22 090
14 090
15 090
18 090
23 090
20 090
20 090
18 090
22 090
19 090
18 090
16 090
21 090
18 090
18 090
16 090
22 090
22 090
22 090
16 090
19 090
19 090
20 090
17 090
19 090
16 090
18 090
15 090
14 090
18 090
23 090
20 090
17 090
19 090
18 090
17 090
20 090
21 090
21 090
25 090
22 090
19 090
20 090
22 090
15 090
16 090
16 090
15 090
15 090
22 090
18 090
18 090
17 090
17 090
13 090
21 090
20 090
20 090
21 090
23 090
16 090
20 090
22 090
21 090
18 090

Current
Xnots Deg

-----------

1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180



Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Start Time [hrs:min:secl: 00:23:20

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

End Time [hrs:mh:sec]; 00:47:52
Delta Plot Time [see]: 30

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



HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 18 Date: 3 February 1999
Start Time: 16:35
Length of run [sees]: 2812

Ship Condition: draft =13.72 m

Environment
Wind Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . . . 20 Direction: 90

Sea State, Significant wave height [m]:.. 3 Direction: 270

Current Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . 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 inforgetting 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.



-- --”:: D.-.,..1

Shiphandling Simulator

Ship :
Exercise number:
~cenario:

DrIg file:
affic ships:

Initialconditions:
Exerciseidentification:

Time
HH:MM:SS
----------

00:23:20
00:23:30
00:23:40
00:23:50
00:24:00
00:24:10
00:24:20
00:24:30
00:24:40
00:24:50
00:25:00
00:25:10
00:25;20
00:25:30
00:25:40
00:25:50
00:26:00
00:26:10
00:26:20
00:26:30
00:26:40
00:26:50
00:27:00
00:27:10
00;27 :20
00:27:30
00:27:40
00:27:50

lb0:28:00:28:10
0:28:20

00:28:30
00:28:40
00:28;50
00:29:00
00;29 :10
00:29:20
00:29;30
00:29:40
00:29:50
00:30:00
00:30:10
00:30:20
00;30:30
00:30:40
00;30:50
00:31:00
00:31:10
00:31:20
00:31:30
00;31:40
00:31:50
00:32:00
00:32:10
00:32:20
00:32:30
00:32:40
00:32:50
00:33:00
00:33:10
00:33:20
00:33:30
00:33:40
00:33:50
00:34:00
00:34:10
00:34:20

P

:34:30
:34:40

0:34:50
00:35:00
00:35:10
00:35:20

Positi
East
-------

-68
-70
-71
-73
-75
-76
-78
-79
-80
-81
-82
-83
-83
-83
-83
-82
-81
-81
-80
-79
-77
-76
-75
-74
-74
-74
-74
-74
-74
-75
-75
-76
-76
-76
-76
-76
-75
-74
-74
-73
-72
-72
-72
-72
-73
-74
-74
-75
-76
-77
-77
-78
-79
-80
-81
-82
-83
-84
-86
-87
-88
-89
-89
-90
-90
-90
-89
-89
-88
-87
-86
-85
-85

.on (m)
North

---------

-276
-271
-266
-262
-257
-253
-250
-246
-243
-240
-236
-232
-228
-224
-220
-216
-212
-208
-204
-200
-197
-194
-190
-187
-183
-180
-177
-173
-170
-167
-163
-160
-157
-154
-152
-149
-147
-144
-142
-139
-137
-136
-134
-132
-131
-129
-128
-127
-127
-125
-124
-123
-122
-120
-119
-117
-115
-113
-111
-109
-107
-105
-102
-100
-97
-94
-91
-88
-85
-82
-79
-76
-74

591 150,000 ton, Tanker, partial load
754 Suction Mooring System
112 Open Ocean
999 DununYtug file based on containership
590 Suction Mooring Buoy
594 150k tanker in partial load - Suction Mooring

RPM Speed (Kr
Port Stbd Long Bow

,-----------------------------

25 0 0.55 -0.42
25 0 0.53 -0.38
25 0 0.48 -0.42
25 0 0.42 -0.38
25 0 0.37 -0.30
25 0 0.32 -0.23
25 0 0.30 -0.19
28 0 0.29 -0.06
41 0 0.30 -0.05
43 0 0.35 -0.10
44 0 0.39 -0.21
44 0 0.42 -0.22
44 0 0.48 -0.31
44 0 0.52 -0.46
44 0 0.55 -0.52
44 0 0.59 -0.58
44 0 0.60 -0.70
44 0 0.63 -0.68
44 0 0.65 -0.61
33 0 0.62 -0.48
33 0 0.61 -0.34
33 0 0.58 -0.36
33 0 0.56 -0.39
33 0 0.50 -0.30
33 0 0.47 -0.34
33 0 0.43 -0.31
33 0 0.40 -0.31
33 0 0.34 -0.19
33 0 0.33 -0.28
33 0 0.32 -0.33
33 0 0.29 -0.26
33 0 0.30 -0.17
33 0 0.31 -0.08
33 0 0.32 0.02
33 0 0.34 0.08
33 0 0.35 -0.01
33 0 0.36 -0.04
33 0 0.38 -0.23
33 0 0.36 -0.31
26 0 0.31 -0.32
26 0 0.27 -0.43
26 0 0.22 -0.57
26 0 0.16 -0.66
26 0 0.09 -0.67
26 0 0.05 -0.68
26 0 0.01 -0.66
26 0 -0.02 -0.48
26 0 0.00 -0.42
26 0 0.01 -0.45
26 0 0.01 -0.44
26 0 0.01 -0.41
26 0 0.03 -0.41
26 0 0.04 -0.33
26 0 0.06 -0.42
26 0 0.05 -0.42
26 0 0.05 -0.45
26 0 0.04 -0.54
26 0 0.05 -0.57
32 0 0.04 -0.41
44 0 0.07 -0.29
45 0 0.13 -0.20
51 0 0.17 -0.12
49 0 0.21 -0.03
49 0 0.25 0.10
50 0 0.30 0.08
49 0 0.35 0.24
50 0 0.40 0.26
49 0 0.43 0.27
50 0 0.45 0.25
37 0 0.45 0.19
29 0 0.37 0.17
29 0 0.30 0.25
29 0 0.25 0.23

lots)
Stern

,--------.

-1.29
-1.24
-1.26
-1.26
-1.24
-1.21
-1.18
-1.14
-1.14
-1.19
-1.18
-1.07
-0.90
-0.73
-0.56
-0.42
-0.34
-0.29
-0.28
-0.29
-0.31
-0.35
-0.44
-0.53
-0.61
-0.68
-0.74
-0.78
-0.82
-0.86
-0.88
-0.89
-0.89
-0.88
-0.85
-0.76
-0.63
-0.47
-0.31
-0.21
-0.12
-0.03
0.04
0.09
0.10
0.09
0.06
0.00
-0.06
-0.11
-0.15
-0.20
-0.24
-0.28
-0.33
-0.37
-0.41
-0.44
-0.46
-0.54
-0.66
-0.78
-0.89
-0.97
-1.04
-1.09
-1.12
-1.15
-1.17
-1.16
-1.09
-1.01
-0.93

Heading
---------

038
039
040
041
042
043
044
045
046
048
049
050
050
051
051
051
051
050
050
050
050
050
050
050
050
050
051
051
052
052
053
054
055
055
056
057
058
058
059
059
058
058
057
056
056
055
’054
054
053
053
052
052
052
052
052
052
052
051
051
052
052
053
053
054
056
057
058
060
061
063
064
065
067

Turn
Deg/Min

----------

5.521
5.478
5.321
5.555
6.000
6.223
6.322
6.841
6.916
6.912
6.141
5.401
3.757
1.719
0.257

-1.013
-2.275
-2.460
-2.099
-1.198
-0.230
-0.105
0.343
1.455
1.740
2.333
2.708
3.703
3.423
3.374
3.955
4.536
5.137
5.712
5.840
4.790
3.764
1.494
0.002

-0.704
-1.954
-3.388
-4.455
-4.803
-4.962
-4.737
-3.402
-2.665
-2.487
-2.075
-1.615
-1.317
-0.570
-0.841
-0.626
-0.534
-0.816
-0.785
0.368
1.583
2.901
4.211
5.480
6.787
7.121
8.438
8.792
8.973
8.996
8.554
8.022
7.985
7.414

Deg
--------

3.4
22.4
35.0
35.0
35.0
35.0
35.0
35.0
35.0
32.7
14.5
-1.6

-13.8
-18.4
-19.6
-16.5
-9.6
-2.0
4.8
8.7
8.9

20.5
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
16.5
-2.5
-21.5
-35.0
-35.0
-35.0
-35.0
-35.0
-24.4
-7.1
9.3

23.4
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0

Sxercise date & time: 03-Feb-99
16:35:37

,r Gi
%

-------

50.0
50.0
76.0
76.0
76.0
76.0
0.0
0.0
0.0
0.0
0.0

24.0
51.0
51.0
51.0
76.0
76.0
76.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
76.0
52.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
27.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
35.0
26.0
26.0
26.0
26.0
26.0
26.0
26.0
26.0
26.0
0.0
0.0
0.0

50.0
50.0
50.0
50.0
75.0
53.0
53.0
74.0
74.0
74.0
74.0
100.0
100.0
100.0

.11
Deg

-------

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

Wind Current
Knots Deg Knots Deg
------------------------

10 090 1.0 180
17 090 1.0 180
19 090 1.0 180
23 090 1.0 180
20 090 1.0 180
21 090 1.0 180
20 090 1.0 180
23 090 1.0 180
19 090 1.0 180
20 090 1.0 180
19 090 1.0 180
21 090 1.0 180
18 090 1.0 180
19 090 1.0 180
18 090 1.0 180
22 090 1.0 180
19 090 1.0.. 180
18 090 1.0 180
15 090 1.0 180
18 090 1.0 180
17 090 1.0 180
18 090 1.0 180
19 090 1.0 180
19 090 1.0 180
17 090 1.0 180
18 090 1.0 180
17 090 1.0 180
18 090 1.0 180
22 090 1.0 180
22 090 1.0 180
18 090 1.0 180
17 090 1.0 180
17 090 1.0 180
13 090 1.0 180
17 090 1.0 180
20 090 1.0 180
20 090 1.0 180
19 090 1.0 180
23 090 1.0 180
19 090 1.0 180
20 090 1.0 180
20 090 1.0 180
20 090 1.0 180
16 090 1.0 180
21 090 1.0 180
18 090 1.0 180
18 090 1.0 180
22 090 1.0 180
25 090 1.0 180
16 090 1.0 180
17 090 1.0 180
15 090 1.0 180
15 090 1.0 180
14 090 1.0 180
19 090 1.0 180
15 090 1.0 180
19 090 1.0 180
20 090 1.0 180
17 090 1.0 180
13 090 1.0 180
23 090 1.0 180
23 090 1.0 180
20 090 1.0 180
19 090 1.0 180
21 090 1.0 180
19 090 1.0 180
22 090 1.0 180
20 090 1.0 180
18 090 1.0 180
21 090 1.0 180
23 090 1.0 180
17 090 1.0 180
15 090 1.0 180



Time
HH :MM:SS
----------

[

:35:30
:35:40
:35:50

00:36:00
00:36:10
00:36:20
00:36:30
00:36:40
00:36:50
00:37:00
00:37:10
00:37:20
00:37:30
00:37:40
00:37:50
00:38:00
00:38:10
00:38:20
00:38:30
00:38:40
00:38:50
00:39:00
00:39;10
00:39:20
00:39:30
00:39:40
00:39:50
00:40:00
00:40:10
00:40;20
00:40:30
00:40:40
00:40:50
00:41:00
00:41:10
00:41:20
00:41:30
00:41:40

F

;41:50
:42;00

0:42:10
00:42:20
00:42:30
00:42:40
00:42:50
00:43:00
00;43:10
00:43:20
00:43:30
00:43:40
00:43:50
00:44:00
00:44:10
00:44:20
00:44:30
00:44:40
00:44:50
00:45:00
DO:45:1O
00:45:20
00:45:30
00:45:40
DO:45:50
00:46:00
DO:46:1O
DO:46:20
DO:46:30
00:46:40
00:46:50

Position (m)
East North
---------------.

-84 -72
-84 -70
-84 -69
-84 -6a
-84 -67
-85 -67
-85 -67
-86 -67
-87 -67
-88 -68
-90 -68
-91 -69
-93 -70
-94 -70
-96 -71
-97 -72
-98 -72
-99 -72
-99 -71
-98 -71
-97 -70
-96 -69
-93 -67
-91 -66
-88 -64
-86 -63
-84 -62
-82 -60
-81 -59
-80 -59
-80 -58
-80 -58
-80 -58
-80 -58
-81 -59
-81 -59
-82 -59
-83 -59
-83 -59
-84 -59
-84 -59
-85 -59
-86 -59
-86 -59
-87 -58
-87 -58
-87 -58
-87 -58
-87 -57
-87 -56
-87 -56
-86 -55
-86 -54
-86 -53
-86 -52
-87 -52
-87 -51
-88 -50
-88 -50
-89 -50
-89 -49
-89 -49
-89 -48
-88 -47
-88 -45
-87 -44
-86 -43
-85 -41
-85 -40

RPM
Port Stbd
--------------

29 0
25 0
25 0
25 0
25 0
25 0
25 0
25 0
25 0
25 0
25 0
29 0
44 0
32 0
29 0
43 0
57 0
61 0
58 0
53 0
59 0
59 0
40 0
28 0
28 0
25 0
25 0
25 0
0 0
0 0
0 0
0 0
0 0

29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
29 0
31 0
41 0
42 0
29 0
29 0
25 0
25 0
25 0
25 0
25 0
25 0
25 0
25 0
25 0
25 0
38 0
44 0
45 0
45 0
42 0
-6 0
-46 0
-25 0
0 0

Speed (K
Long Bow

----------------

0.19 0.22
0.13 0.27
0.06 0.19
0.02 0.10
-0.04 0.08
-0.09 0.05
-0.11 0.01
-0.14 -0.13
-0.22 -0.21
-0.27 -0.32
-0.33 -0.41
-0.37 -0.42
-0.34 -0.39
-0.29 -0.33
-0.28 -0.27
-0.25 -0.29
-0.18 -0.19
-0.06 0.08
0.08 0.13
0.21 0.15
0.34 0.16
0.46 0.13
0.59 0.00
0.57 -0.04
0.50 -0.07
0.46 -0.04
0.41 -0.07
0.34 -0.10
0.26 -0.10
0.16 -0.10
0.08 -0.03
0.02 -0.03

-0.05 0.00
-0.09 0.05
-0.10 -0.07
-0.15 -0.18
-0.14 -0.23
-0.13 -0.24
-0.10 -0.30
-0.09 -0.26
-0.10 -0.25
-0.09 -0.26
-0.09 -0.26
-0.09 -0.22
-0.07 -0.11
-0.05 -0.05
0.00 0.03
0.08 -0.04
0.09 -0.04
0.11 -0.06
0.12 -0.15
0.12 -0.22
0.08 -0.17
0.06 -0.26
0.02 -0.32

-0.01 -0.34
-0.04 -0.30
-0.05 -0.21
-0.03 -0.17
-0.03 -0.11
0.00 -0.08
0.06 -0.08
0.13 -0.09
0.21 -0.11
0.27 -0.06
0.29 -0.06
0.25 -0.14
0.17 -0.24
0.11 -0.17

lots)
Stern

,--------

-0.85
-0.73
-0.58
-0.42
-0.27
-0.14
-0.02
0.10
0.21
0.31
0.39
0.42
0.42
0.35
0.31
0.23
0.05

-0.20
-0.28
-0.29
-0.29
-0.27
-0.22
-0.18
-0.15
-0.12
-0.08
-0.05
-0.05
-0.04
-0.03
-0.02
-0.01
0.04
0.07
0.13
0.19
0.22
0.21
0.17
0.13
0.09
0.05
0.01

-0.02
-0.06
-0.10
-0.12
-0.15
-0.14
-0.10
-0.06
-0.03
-0.01
0.00
0.00

-0.02
-0.03
-0.05
-0.07
-0.10
-0.16
-0.20
-0.24
-0.25
-0.24
-0.23
-0.23
-0.22

Heading
---------

068
069
070
071
071
071
072
071
071
071
070
069
068
067
067
066
066
066
066
066
067
067
068
068
068
068
068
068
068
068
068
068
068
068
068
068
067
067
066
066
065
065
065
064
064
064
064
064
064
064
065
064
064
064
064
063
’063
063
063
063
063
063
063
063
063
063
063
063
063

Turn
DeglMin
--------.

6.779
6.294
4.919
3.301
2.276
1.179
0.187

-1.443
-2.651
-3.995
-5.068
-5.353
-5.135
-4.337
-3.691 ‘
-3.279
-1.486
1.775
2.575
2.759
2.828
2.523
1.394
0.916
0.496
0.483
0.089

-0.318
-0.337
-0.351
-0.004
-0.098
0.041
0.049

-0.946
-1.960
-2.686
-2.919
-3.239
-2.727
-2.411
-2.188
-1.963
-1.474
-0.546
0.059
0.813
0.508
0.705
0.559

-0.313
-1.038
-0.915
-1.596
-2.045
-2.147
-1.779
-1.157
-0.747
-0.290
0.084
0.478
0.692
0.813
1.242
1.159
0.596

-0.090
0.287

Rudde
Deg

19.0
0.0

-19.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-28.0
-14.1
0.5
17.0
31.7
35.0
35.0
35.0
30.3
11.2
14.3
10.6
5.9
3.4
0.9
0.0

-1.8
-2.0
-0.1
1.5
3.6
1.9
4.8
1.0
0.4
5.2

-13.7
0.0

11.4
30.4
35.0
35.0
35.0
35.0
35.0
35.0
34.3
16.0
26.1
23.7
6.8

-7.1
-0.1
4.4

12.3
19.7
26.3
30.6
32.5
32.6
30.2
25.4
21.8
19.9
18.5
13.9
11.0
10.0
12.2
9.8

r Gill
% Deg

------------- .

100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180

0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180

100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
77.0 180
26.0 180
26.0 180
26.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180

51.0 180
77.0 180
77.0 180
77.0 180
77.0 180
52.0 180
52.0 180
52.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180

Wind
Knots Deg
.------------.

20 090
19 090
15 090
13 090
14 090
16 090
21 090
19 090
20 090
22 090
22 090
14 090
15 090
18 090
23 090
20 090
20 090
18 090
22 090
19 090
18 090
16 090
21 090
18 090
18 090
16 090
22 090
22 090
22 090
16 090
19 090
19 090
20 090
17 090
19 090
16 090
18 090
15 090
14 090
18 090
23 090
20 090
17 090
19 090
18 090
17 090
20 090
21 090
21 090
25 090
22 090
19 090
20 090
22 090
15 090
16 090
16 090
15 090
15 090
22 090
18 090
18 090
17 090
17 090
13 090
21 090
20 090
20 090
21 090

Current
Knots Deg

-----------

1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180



@
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]: 00:46:52
Delta Plot Time [see]: 30

●
Date: 03-Feb-99 Time: 16:35:37

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

,



HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 19 Date: 4 February 1999
Start Time: 08.00
Length of run [sees]: 2205

Ship Condition: drafi =13.72 m

Environment
Wind Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . . . 25 Direction: O

Sea State, Significant wave height [m]:.. 5 Direction: 180

Current Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . o Direction: O

Ship Operator: J.A. Observer: B.K.J & J.K.

Final Mating, distance between center of buoy and center of moon pool [m]: 2.6

Evaluation:

● Deceleration and tracking were good up to the point where the buoy came into camera
view. When the buoy was in camera view, the ground head speed was about 0.2 knots.
Atfirst the buoy was tracking apparently straight aft. Then the buoy began to trendjust a
little to starboard. The captain started to change the autopilot heading to the right up to
005 degrees but it was not enough. The buoy ended up a little aft and to the starboard

just beyond the limit. It appears that higher rudder rate would help the problem. A high
l~t rudder would also be very bene~cial.

.—



.. m.-. .
)g.ascll rage 1

Shiphandling Simulator Exercise date & time: 04-Feb-99
08:00:44

Ship : 591 150,000 ton, Tanker, partial load
Exercise number: 755 Suction Mooring System
~cenario:

r

112 Open Ocean
g file: 999 DUMMY tug file based on containership
raffic ships: 590 Suction Mooring Buoy
Initial conditions: 595 150k tanker in partial load - Suction Mooring
Exercise identification: %CN W i~

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 Xnots Deg Knots Deg
------------- ---------------------------------------------------------------------------------------------------------------

00:16:40 0 -590 28 0 1.76 -0.02 0.04 000 -0.351 -6.6 0.0
00:16:50

180 32 000 0.0 180
0 -581 28 0 1.70 -0.02 0.05 000 -0.462 -5.3 0.0 180 21 000 0.0 180

00:17:00 0 -572 28 0 1.74 -0.02 0.06 000 -0.532 -4.1 0.0 180 29 000 0.0 180
00:17:10 0 -563 37 0 1.74 -0.02 0.07 000
00:17:20

-0.597 -2.4 0.0 180 25 000 0.0 180
0 -555 41 0 1.71 -0.02 0.08 000 -0.633 -0.1 0.0 180 22 000 0.0 180

00;17:30 1 -546 42 0 1.79 -0.02 0.07 360 -0.579 1.5 0.0 180 24 000 0.0 180
00:17:40 1 -536 42 0 1.83 -0.01 0.06 360 -0.458 3.1 0.0 180 16 000 0.0 180
00;17 :50 1 -527 33 0 1.84 0.00 0.05 360 -0.325 4.1 0.0 180 25 000 0.0 180
00:18:00 1 -517 33 0 1.73 0.00 0.03 360 -0.204 4.6 0.0 180 26 000 0.0 180
00:18:10 1 -509 33 0 1.62 0.01 0.02 360 -0.047 5.1 0.0 180 20 000 0.0 180
00;18:20 1 -501 33 0 1.59 0.01 0.00 360 0.067 5.0 0.0 180 23 000 0.0 180
00:18:30 1 -492 33 0 1.57 0.02 -0.01 360 0.171 1.5 0.0 180 20 000 0.0 180
00:18:40 1 -484 33 0 1.56 0.00 0.02 360 -0.107 -13.0 0.0 180 13 000 0.0 180
00;18:50 1 -477 33 0 1.52 0.00 0.03 360 -0.199 5.2 0.0 180 25 000 0.0 180
00:19:00 1 -469 39 0 1.53 0.01 0.01 360 -0.035 5.7 0.0 180 23 000 0.0 180
00:19:10 1 -461 39 0 1.54 0.02 -0.01 360 0.176 4.9 0.0 180 28 000 0.0 180
00:19:20 1 -453 40 0 1.59 0.00 0.01 360 -0.011 -12.2 0.0 180 27 000 0.0 180
00:19:30 1 -444 40 0 1.59 -0.04 0.06 360 -0.626
00:19:40

-11.9 0.0 180 23 000 0.0 180
1 -436 40 0 1.55 -0.05 0.08 360 -0.804 4.8 0.0 180 28

00:19:50
000 0.0 180

1 -428 40 0 1.58 -0.02 0.04 359 -0.387 9.9 0.0 180 24 000 0.0 180
00:20:00 1 -420 40 0 1.66 0.00 -0.01 359 0.071 10.1 0.0 180 23 000 0.0 180
00:20:10 1 -411 40 0 1.66 0.02 -0.05 359 0.461 9.2 0.0 180 24 000 0.0 180
00:20:20 1 -403 40 0 1.73 0.04 -0.08 360 0.737 7.4 0.0 180 26 000 0.0 180
00:20:30 0 -394 40 0 1.78 0.04 -0.10 360 0.908 4.5 0.0 180 20 000 0.0 180
00:20:40 0 -385 40 0 1.74 0.04 -0.11 360 0.954 1.6 0.0 180 27 000 0.0 180
00:20:50 0 -376 39 0 1.69 0.03 -0.10 000 0.879 -1.2 0.0 180 25 000 0.0 180
00:21:00 0 -367 40 0 1.65 0.02 -0.09 000 0.710 -3.3 0.0 180 19 000 0.0 180
00:21:10 0 -359 40 0 1.67 0.01 -0.07 000 0.482 -4.8 0.0 180 22 000 0.0

:21:20
180

IY

o -350 40 0 1.63 0.00 -0.04 000 0.214 -5.8 50.0 180 21 000 0.0 180
:21:30 0 -342 40 0 1.54 -0.02 -0.01 000 -0.093 -5.6 50.0 180 24 000 0.0

0:21:40
180

0 -334 39 0 1.54 -0.04 0.02 000 -0.344 -4.8 75.0 180 25 000 0.0 180
00;21:50 o -326 40 0 1.56 -0.04 0.04 000 -0.509 -3.6 75.0 180 19 000 0.0 180
00:22:00 0 -318 40 0 1.54 -0.05 0.05 000 -0.589 -1.8 100.0 180 23 000 0.0 180
00;22:10 0. -311 38 0 1.42 -0.05 0.05 000 -0.599 -0.1 100.0 180 25 000 0.0 180
00:22:20 0 -303 35 0 1.37 -0.04 0.04 360 -0.540 1.6 100.0 180 19 000 0.0 180
00:22:30 0 -297 35 0 1.28 -0.03 0.04 360 -0.438 3.2 100.0 180 33 000 0.0 180
00:22:40 0 -290 35 0 1.25 -0.03 0.02 360 -0-306 4.2 100.0 180 23 000 0.0 180
00:22:50 -1 -284 35 0 1.25 -0.02 0.01 360
00:23:00

-0.157 4.7 100.0 180 19 000 0.0 180
-1 -277 35 0 1.22 -0.01 -0.01 360 0.007 5.1 100.0 180 22 000 0.0 180

00:23:10 -1 -271 33 0 1.16 0.00 -0.02 360 0.121 4.4 100.0 180 19 000 0.0 180
00;23 :20 -1 -265 33 0 1.16 0.00 -0.03 360 0.220 3.7 100.0
00:23:30

180 25 000 0.0 180
-1 -259 33 0 1.08 0.01 -0.05 360 0.342 11.3 100.0 180 24 000 0.0 180

00:23:40 -1 -254 33 0 0.99 0.03 -0.10 360 0.830 18.7 100.0 180 25
00:23:50

000 0.0 180
-1 -249 29 0 0.87 0.05 -0.13 000 1.180 15.3 100.0 180 27 000 0.0 180

00:24:00 -1 -245 29 0 0.76 0.07 -0.15 000 1.417 10.8 52-0 180 25 000 0.0 180
00:24:10 -2 -241 29 0 0.70 0.08 -0.17 001
00:24:20

1.’545 5.8 27.0 180 21 000 0.0 180
-2 -238 27 0 0.63 0.08 -0.17 “001 1.543 0.6 27.0 180 28 000 0.0 180

00:24:30 -2 -235 25 0 0.64 0.07 -0.16 001 1.467 -4.3 27.0 180 21 000 0.0 180
00:24:40 -2 -231 25 0 0.64 0.07 -0.13 001 1.229 -23.3 27.0 180 23 000 0.0 180
00:24:50 -2 -228 25 0 0.54 0.04 -0.08 001 0.736 -27.5 27.0 180 27 000 0.0 180
00:25:00 -2 -226 25 0 0.44 0.01 -0.03 002 0.215 -28.2 27.0 180 28 000 0.0 180
00:25:10 -2 -223 37 0 0.42 -0.03 0.05 002 -0.475 -26.3 27.0 180 24 000 0.0 180
00:25:20 -2 -221 37 0 0.48 -0.05 0.13 001 -1.173 -21.9 . 27.0 180 21 000 0.0 180
00;25:30 -2 -219 37 0 0.43 -0.09 0.19 001 -1.779 -15.5 27.0 180 19 000 0.0 180
00:25:40 -1 -217 37 0 0.47 -0.11 0.23 001 -2.148 -9.2 27.0 180 17 000 0.0 180
00:25:50 -1 -214 37 0 0.51 -0.11 0.24 000 -2.242 -2.7 27.0 180 23 000 0.0 180
00;26:00 -1 -211 37 0 0.58 -0.10 0.23 000 -2.094 3.1 27.0 180 19 000 0.0 180
00;26:10 o -208 37 0 0.64 -0.08 0.20 360 -1.784 7.8 27.0 180 27 000 0.0 180
00:26:20 0 -205 37 0 0.64 -0.06 0.15 359 -1.329 11.9 40.0 180 20 000 0.0 180
00:26:30 0 -202 37 0 0.59 -0.03 0.10 359 -0.862 14.1 40.0 180 19 000 0.0 180
00:26:40 0 -199 37 0 0.57 -0.01 0.05 359 -0.357 15.4 40.0 180 29 000 0.0 180
00:26:50 0 -196 37 0 0.52 0.01 -0.01 359 0.141 14.3 40.0 180 25 000 0.0 180
00:27:00 0 -193 37 0 0.52 0.03 -0.05 359 0.566 12.3 40.0 180 25 000 0.0 180
00:27;10 o -190 37 0 0.50 0.05 -0.09 359 0.864 9.8 40.0 180 27 000 0.0 18C
00:27:20 0 -188 37 0 0.47 0.06 -0.11 360 1.074 5.8 40.0 180 23 000 0.0 18C
00:27:30 0 -185 37 0 0.48 0.06 -0.12 360 1.145 2.8 40.0 180 25 000 0.0 18C
00:27:40 0 -183 37 0 0.44 0.05 -0.12 360 1.083 -0.7 40.0 180 26 000 0.0 18C

P

:27:50 -1 -181 37 0 0.40 0.04 -0.10 000 0.912 -3.8 40.0 180 23 000 0.0 18C
:28:00 -1 -179 37 0 0.40 0.03 -0.08 000 0.681 -5.4 15.0 180 29 000 0.0 18C

0:28:10 -1 -177 37 0 0.39 0.02 -0.05 000 0.416 -6.4 15.0 180 19 000 0.0 18C
00:28:20 -1 -175 37 0 0.34 0.00 -0.02 000 0.133 -6.7 15.0 180 24 000 0.0 18C
00:28:30 -1 -173 40 0 0.35 -0.02 0.00 000 -0.149 -5.7 15.0 180 24 000 0.0 18C
00:28:40 -1 -171 40 0 0.52 -0.03 0.03 000 -0.355 -4.3 25.0 180 19 000 0.0 18C



Time
HH:MN:SS
----------

k
fl:28;50

:29:00
:29:10

00:29:20
00:29:30
00:29:40
00:29:50
00:30:00
00:30:10
00:30:20
00:30:30
00:30:40
00:30:50
00:31:00
00:31:10
00:31:20
00:31:30
00;31:40
00:31:50
00:32:00
00:32:10
00:32:20
00:32:30
00:32:40
00:32:50
00:33:00
00:33:10
00:33:20
00:33:30
00:33:40
00:33:50
00:34:00
00:34:10
00:34:20
00:34:30
00:34:40
00:34:50
00:35:00

F:35:10
:35:20

0:35:30
00:35:40
00:35:50
00:36:00
00:36:10
00:36:20
00:36:30
00:36:40

B

Position (m) RPM Speed (3w
East North Port Stbd Long BOW

--------------------------------------------

-1 -168. 38 0 0.55 -0.04
-1 -165 36 0 0.57 -0.04
-1 -162 36 0 0.55 -0.03
-1 -160 36 0 0.56 0.01
-1 -157 36 0 0.57 0.04
-1 -154 36 0 0.52 0.06
-1 -151 36 0 0.47 0.08
-1 -149 36 0 0.47 0.09
-1 -146 36 0 0.45 0.09
-1 -144 36 0 0.44 0.07
-1 -142 36 0 0.43 0.07
-1 -140 36 0 0.35 0.06
-1 -138 36 0 0.30 0.05
-1 -137 36 0 0.27 0.03
-1 -135 36 0 0.26 0.00
0 -134 36 0 0.28 -0.03
0 -132 39 0 0.36 -0.07
0 -130 39 0 0.40 -0.09
1 -128 39 0 0.39 -0.09
1 -126 39 0 0.49 -0.08
2 -124 36 0 0.51 -0.10
2 -121 33 0 0.49
3

-0.10
-119 33 0 0.40 -0.10

3 -117 33 0 0.37 -0.07
3 -115 33 0 0.43 -0.07
3 -113 33 0 0.40 -0.05
3 -111 33 0 0.31 -0.03
3 -109 33 0 0.25 0.00
3 -108 33 0 0.18 0.00
3 -108 33 0 0.08 0.00
3 -107 33 0 0.04 -0.01
2 -107 37 0 0.01 -0.01
2 -107 37 0 0.01 -0.02
2 -107 36 0 0.04 -0.02
1 -107 37 0 0.11 -0.01
1 -106 37 0 0.14 -0.02
1 -105 37 0 0.18 -0.04
0 -104 37 0 0.19 -0.03
0 -103 37 0 0.13 0.00

-1 -103 37 0 0.16 0.03
-2 -102 36 0 0.18 0.07
-2 -101 37 0 0.24 0.13
-3 -99 37 0 0.21 0.20
-4 -99 37 0 0.10 0.30
-5 -98 37 0 0.07 0.45
-5 -98 37 0 0.00 0.60
-5 -98 37 0 -0.14 0.74
-4 -99 36 0 -0.24 0.74

lots)
Stern

---------

0.04
0.05
0.04

-0.02
-0.07
-0.11
-0.14
-0.14
-0.13
-0.11
-0.08
-0.04
0.00
0.04
0.09
0.16
0.22
0.25
0.26
0.25
0.28
0.28
0.25
0.21
0.16
0.10
0.05

-0.01
-0.06
-0.09
-0.10
-0.11
-0.11
-0.10
-0.10
-0.11
-0.11
-0.15
-0.21
-0.28
-0.34
-0.44
-0.54
-0.62
-0.64
-0.59
-0.57
-0.48

Heading
----------

000
000
000
000
000
000
000
001
001
001
001
001
002
002
002
001
001
001
000
000
360
359
359
359
358
358
358
358
358
358
358
358
358
358
359
359
359
359
359
359
360
000
001
002
003
004
005
007

Turn
DeglMin
---------

-0.492
-0.544
-0.413
0.176
0.726
1.127
1.371
1.449
1.389
1.175
0.954
0.670
0.313
-0.056
-0.515
-1.218
-1.808
-2.184
-2.217
-2.104
-2.377
-2.414
-2.208
-1.761
-1.459
-0.980
-0.456
0.062
0.339
0.551
0.613
0.593
0.569
0.544
0.s88
0.535
0.410
0.765
1.338
1.965
2.605
3.632
4.666
5.828
6.900
7.533
8.302
7.740

Rudder Gill
I)eg % Deg

.--------------------

-2.9 39.0 180
-1.1 39.0 180
11.3 39.0 180
17.1 39.0 180
14.8 39.0 180
11.0 51.0 180
6.2 51.0 180
2.0 51.0 180
-2.5 51.0 180
-6.o 53..0 180
-8.7 51.0 180
-10.7 35.0 180
-11.4 25.0 180
-9.9 25.0 180
-22.8 25.0 180
-19.8 0.0 180
-14.5 0.0 180
-8.4 0.0 180
-1.3 0.0 180
-6.9 0.0 180
-7.0 47.0 180
0.1 47.0 180
8.1 47.0 180

13.3 47.0 180
16.4 47.0 180
19.3 77.0 180
20.3 77.0 180
18.9 77.0 180
16.4 77.0 180
9.9 77.0 180
4.4 27.0 180
2.2 27.0 180
1.2 27.0 180
0.8 15.0 180
2.9 15.0 180
2.6 15.0 180
3.9 24.0 180
17.4 24.0 180
27.0 24.0 180
20.2 24.0 180
31.6 24.0 180
35.0 24.0 180
35.0 24.0 180
28.5 24.0 180
9.5 24.0 180

-9.5 24.0 180
-28.5 24.0 180
-35.0 24.0 180

Wind
Knots Deg
------------

18 000
19 000
24 000
24 000
28 000
24 000
22 000
19 000
23 000
27 000
26 000
22 000
27 000
22 000
21 000
26 000
19 000
26 000
22 000
28 000
27 000
20 000
23 000
24 000
22 000
22 000
21 000
18 000
21 000
22 000
29 000
22 000
23 000
22 000
24 000
26 000
25 000
32 000
24 000
26 000
24 000
21 000
17 000
19 000
23 000
25 000
21 000
22 000

Current
Knots Deg

-------------

0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
0.0 180
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Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Date: 04-Feb-99

00:23:10
00:22:40
00:22:10
00:21:40
00:21:10
00:20:40
00:20:10
00:19:40
00:19:10
00:18:40

hill
00:3” ‘n
oo:jStartTime [hrs:min:sec]: 00:16:4C
oo.jEndTime [hrs:min:sec]: 00:36:4E

“ DeItaPlot Time [see]: 3C
00:16 East-west Scale [m]:

Time: 08:00:4
926.

East-West Scale [Nm]: 0.500(
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HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 20 Date: 4 February 1999

StartTime: 08:50
Length of run [sees]: 2280

Ship Condition: drafi =13.72 m

Environment
Wind Speed ~ots]: . . . . . . . . . . . . . . . . . . . . . . . . 25 Direction: O

Sea State, Significant wave height [m]:.. 5.1 Direction: 180

Current Speed ~ots]: . . . . . . . . . . . . . . . . . . . . .. o Direction: O

Ship Operator: J.A. Observer: B.K.J & J.K.

Final Mating, distance between center of buoy and center of moon pool [m]: 1.8

Evaluation:

● The approach– decelerationand tracking along the course line was noproblem. Theplan was
to bring the ship to a stop over the buoy and hover there by balancingforces, thruster against
propeller and achieving lateral motion control by autopilot change of 1 to 2 degrees. The
captain believes that this is better than the case of theprevious run, where the ship was kept
moving ahead over the buoy. The last approach will allowfor more mating operations l~needed
with no dlj%dty.
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Iog.twcii rage 1

Shiphandling Simulator Exercise date & time: 04-Feb-99
08:50:07

Ship : 591 150,000 ton, Tanker, partial load
Esercise number: 755 Suction Mooring System

t

.enario; 112 Open Ocean
g file: 999 Dummy tug file based on containership
affic ships: 590 Suction Mooring Buoy

Initial conditions: 595 .150k tanker in partial load - Suction Mooring
Exercise identification: RUN tt 20

Time Position (m) RPM Speed (Knots) Turn Rudder Gill

HH:MM:SS

Wind Current
East North Port Stbd Long BOW Stern Heading DeglMin Deg % Deg Knots Deg CCnots Deg

-----------------------------------------------------------------------------------------------------------------------------

00:16:40 -2 -399 27 0 2.15 0.01 -0.06 001 0.441 -24.4 25.0 180 32
00:16:50

000 0.0 180
-2 -388 27 0 2.12 -0.01 -0.01 001 -0.055 -24.7 25.0 180 21

00:17:00
000 0.0 180

-2 -377 27 0 2.03 -0.03 0.05 001 -0.529 -23.9
00:17:10

25.0 180 29
-367 27

000 0.0 180
-2 0 2.04 -0.04 0.10 001 -0.900 -21.4 25.0 180 25 000 0.0 180

00:17:20 -1 -356 27 0 2.05 -0.05 0.14 001 -1.238 -17.9 25.0 180 22 000 0.0 180
00:17:30 -1 -346 27 0 1.96 -0.06 0.18 001 -1.528 -13.7 25.0 180 24 000 0.0 180
00:17:40 0 -336 27 0 1.97 -0.07 0.20 001 -1.681 -8.6 25.0 180 16 000 0.0 180
00:17:50 0 -325 27 0 1.97 -0.06 0.21 000 -1.720 -3.5 25.0 180 25 000 0.0 lio
00:18:00 1 -315 27 0 1.95 -0.05 0.21 360 -1.665 -3.8 25.0 180 26 000 0.0 180
00:18:10 1 -306 27 0 1.85 -0.06 0.23 360 -1.858 -11.2 25.0 180 20 000 0.0 180
00:18:20 1 -296 27 0 1.69 -0.07 0.24 359 -1.955 -5.4 25.0 180 23 000 0.0 180
00:18:30 2 -288 27 ,0 1.62 -0.07 0.24 359 -1.974 0.9 25.0 180 20 000 0.0 180
00:18:40 2 -280 27 0 1.57 -0.07 0.22 359 -1.865 14.1 25.0 180 13 000 0.0 180
00:18:50 2 -272 27 0 1.54 -0.04 0.17 358 -1.322 29.1 25.0 180 25 000 0.0 180
00:19:00 2 -264 27 0 1.47 0.01 0.10 358 -0.548 31.4 25.0 180 23 000 0.0 180
00:19:10 2 -256 27 0 1.44 0.05 0.03 358 0.148 31.4 25.0 180 28 000 0.0 180
00:19:20 2 -249 27 0 1.39 0.08 -0.03 358 0.690 29.8 25.0 180 27 000 0.0 180
00:19:30 2 -242 27 0 1.40 0.10 -0.09 358 1.202 26.6 51.0 180 23 000 0.0 180
00:19:40 2 -235 27 0 1.33 0.10 -0.13 359 1.493
00:19:50

22.3 100.0 180 28 000 0.0 180
2 -228 27 0 1.21 0.11 -0.17 359 1.745 16.9 100.0 180 24 000 0.0 180

00:20:00 1 -222 27 0 1.09 0.11 -0.19 359 1.887 11.0 100.0 180 23 000 0.0 180
00:20:10 1 -217 27 0 1.09 0.11 -0.20 360 1.919 5.2 100.0 180 24 000 0.0 180
00:20:20 1 -211 27 0 1.02 0.10 -0.19 360 1.853 -0.4 100.0 180 26 000 0.0 180
00:20:30 1 -206 27 0 0.96 0.09 -0.18 000 1.690 -5.9 100.0 180 20 000 0.0 180
00:20:40 0 -201 27 0 0.96 0.07 -0.16 000 1.464 -10.3 100.0 180 27 000 0.0
00:20:50

180
0 -197 27 0 0.85 0.05 -0.11 001 ‘1.034 -27.9 100.0 180 25 000 0.0 180

00:21:00 0 -193 27 0 0.71 0.02 -0.04 001 0.412 -33.3 100.0 180 19 000 0.0 180
00;21:10 o -189 27 0 0.57 -0.01 0.02 001 -0.208 -32.2 100.0 180 22

:21:20
000 0.0 180

u

o -187 27 0 0.46 -0.04 0.08 001 -0.744 -29.6 100.0 180 21 000 0.0 180
:21:30 0 -185 27 0 0.38 -0.05 0.13 001 -1.185 -25.1 100.0

():21:40
180 24 000 0.0 180

1 -183 27 0 0.22 -0.07 0.17 000
00:21:50

-1.538 -16.5 100.0 180 25 000 0.0 180
1 -182 27 0 0.10 -0.08 0.18 000 -1.671 -2.6 100.0 180 19 000 0.0 180

00;22 :00 1 -182 27 0 0.06 -0.08 0.17 360 -1.534 9.4 100.0 180 23 000 0-0 180
00:22:10 1 -182 27 0 0.04 -0.06 0.13 360 -1.220 18.0 100.0 180 25 000 0.0 180
00:22:20 2 -182 27 0 -0.08 -0.03 0.08 359 -0.712 28.5 100.0 180 19 000 0.0 180
00:22:30 2 -182 37 0 -0.18 0.00 0.03 359 -0.227 13.4 100.0 180 33 000 0.0 180
00;22 :40 2 -183 37 0 -0.20 0.02 -0.01 359 0.155
00:22:50

11.0 25.0 180 23 000 0.0 180
2 -184 37 0 -0.20 0.03 -0.04 359 0.483 8.5 0.0 180 19 000 0.0 180

00:23:00 2 -185 37 0 -0.14 0.04 -0.06 359 0.669 3.9 0.0 180 22 000 0.0 180
00:23:10 2 -186 37 0 -0.06 0.03 -0.05 360 0.560 -11.4 0.0 180 19 000 0.0 180
00;23:20 2 -186 36 0 -0.06 0.00 0.00 360 -0.012 -11.4 0.0 180 25 000 0.0 180
00:23:30 2 -186 37 0 -0.01 -0.01 0.01 360
00:23:40

-0.127 7.6 27.0 180 24 000 0.0 180
2 -186 37 0 0.04 0.00 -0.02 360 0.119 3.6 0.0 180 25 000 0.0 180

00:23:50 2 -186 37 ,0 0.02 0.00 -0.02 360
00:24:00

0.122 -0.2 26.0 180 27 000 0.0 180
1 -186 36 0 0.01 -0.01 -0.02 260 0.068 1.7 26.0 180 25 000 0.0 180

00:24:10 1 -186 37 0 -0.04 -0.01 -0.03 360 0.102 2.8 26.0 180 21 000 0.0 180
00:24:20 1 -186 37 0 -0.08 -0.02 -0.01 360 -0.100 -11.0 26.0 180 28 000 0.0 180
00:24:30 1 -187 37 0 -0.11 -0.05 0.02 360 -0.441 -6.4 26.0 180 21
00:24:40

000 0.0 180
1 -187 42 0 -0.13 -0.06 0.05 360 -0.693 -3.1 0.0 180 23 000 0.0 180

00;24:50 1 -188 42 0 -0.05 -0.06 0.04 359 -0.681 8.3 0.0 180 27 000 0.0 180
00:25:00 1 -188 41 0 -0.01 -0.04 -0.01 359 -0.158 7.2 0.0 180 28 000 0.0 180
00:25:10 1 -188 42 0 -0.06 -0.04 -0.01 359 -0.189 -2.1 0.0 180 24 000 0.0 18C
00:25:20 1 -188 45 0 -0.08 -0.05 0.00 359 -0.296 -0.7 0.0 180 21 000 0.0 18C
00:25:30 1 -189 45 0 -0.01 -0.05 -0.01 359 -0.266 6.4 0.0 180 19 000 0.0 18C
00:25:40 1 -189 44 0 0.08 -0.06 -0.01 359 -0.283 0.6 0.0 180 17 000 0.0 18C
00:25:50 0 -188 44 0 0.06 -0.05 -0.02 359 -0.237 1.3 0.0 180 23 000 0.0 18C
00:26:00 0 -188 44 0 0.15 -0.03 -0.05 359 0.143 14.8 0.0 180 19 000 0.0 18C
00:26:10 0 -187 45 0 0.22 0.01 -0.11 359 0.754 10.3 0.0 180 27 000 0.0 18C
00;26:20 o -185 45 0 0.32 0.02 -0.15 359 1.090 7.4 51.0 180 20 000 0.0 18C
00;26:30 -1 -183 42 0 0.39 0.02 -0.17 360 1.224 4.2 75.0 180 19
00:26:40

000 0.0 18C
-1 -181 41 0 0.38 0.02 -0.17 360 1.216 0.8 75.0 180 29 000 0.0 18C

00:26:50 -2 -180 42 0 0.32 0.02 -0.17 360 1.182 9.0 75.0 180 25 000 0.0 18C
00:27:00 -2 -178 42 0 0.29 0.04 -0.21 000 1.587 8.5 75.0
00;27:10

180 25 000 0.0 18C
-2 -177 42 0 0.24 0.05 -0.22 000

00:27:20
1.706 1.8 75.0 180 27 000 0.0 18C

-3 -175 42 0 0.25 0.05 -0.20 001 1.571 -2.5 27.0 180 23 000 0.0 18C
00:27;30 -3 -174 42 0 0.26 0.04 -0.17 001 1.328 -5.3 27.0 180 25 000 0.0 18[
00:27:40 -3 -173 42 0 0.25 0.02 -0.13 001

D

0.913 -7.6 27.0 180 26 000 0.0 18C
:27:50 -4 -171 42 0 0.28 -0.01 -0.09 001 0.502 -7.2
;28:00

27.0 180 23 000 0.0 18(
-4 -170 41 0 0.26 -0.02 -0.05 001 0.156 - -6.9 27.0 180 29 000 0.0 18(

CJO:28:1O -4 -169 42 0 0.25 -0.03 -0.01 001 -0.080 -5.8 27.0 180 19 000 0.0 18(
00:28:20 -4 -167 42 0 0.27 -0.03 0.01 001 -0.249 -4.5 0.0 180 24 000 0.0 18C
00:28:30 -4 -166 41 0 0.28 -0.03 0.03 001 -0.378 -3.5 0.0 180 24 000 0.0 .18(
00:28:40 -4 -165 42 0 0.25 -0.04 0.04 001 -0.501 -1.0 0.0 180 19 000 0.0 18(

——!



.. D,... -Dg.ascii ‘ a~c L

Time Position (m) RPM Speed (Rnots) Turn Rudder Gill Wind Current

HH:NM:SS East North Port Stbd Long Bow Stern Heading DeglMin Deg % Deg Knots Deg Rnots Deg
----------------------------------------------------------------------------------------------------------------------------

v

:28:50 -4 -163. 42 0 0.27 -0.04 0.04 001 -0.533 0.1 0.0 180 18 000 0.0
:29:00

180
-4 -161 42 0 0.45 -0.03 0.04 001 -0.450 0.6 0.0 180 19 000 0.0 180

0:29:10 -4 -159 42 0 0.51 -0.02 0.03 001 -0.335 1.3 0.0

00:29:20

180 24 000 0.0 180
-4 -156 39 0 0.53 -0.01 0.03 001 -0.202 2.1 75.0 180 24 000 0.0 180

00:29:30 -4 -154 37 0 0.50 0.01 0.02 001 -0.086 1.9 75.0 180 28 000 0.0 180

00:29:40 -3 -151 37 0 0.48 0.02 0.01 001 0.042 2.2 75.0 180 24

00:29:50
000 0.0 180

-3 -149 37 0 0.49 0.05 0.01 001 0.276 1.0 51.0 180 22 000 0.0 180
00:30:00 -3 -146 37 0 0.46 0.06 0.01 001 0.328 , -0.3 51.0 180 19 000 0.0 180
00:30:10 -3 -144 37 0 0.41 0.06 0.01 001 0.319 -1.5 51.0 180 23 000 0.0 180
00:30:20 -3 -142 37 0 0.40 0.07 0.02 001 0.299 -2.0

00:30:30
34.0 180 27 000 0.0 180

-2 -140 37 0 0.39 0.07 0.03 001 0.251 -3.0 34.0 180 26 000 0.0 180
00:30:40 -2 -138 37 0 0.38 0.07 0.04 001 0.157 -3.3 34.0 180 22 000 0.0 180
00:30:50 -2 -136 37 0 0.40 0.06 0.07 001 -0.106 -18.0 34.0 180 27 000 0.0 180
00:31:00 -1 -134 37 0 0.32 0.03 0.14 001 -0.691 -17.3 34.0 180 22 000 0.0 180
00:31:10 -1 -133 37 0 0.27 0.01 0.19 001 -1.129 -12.4 25.0 180 21 000’ 0.0 180
00:31:20 0 -131 40 0 0.23 -0.01 0.21 001 -1.392 -7.0 25.0 180 26 000 0.0 180
00:31:30 0 -130 41 0 0.24 -0.01 0.22 000 -1.469 -2.4 25.0 180 19 000 0.0 180
00:31:40 1 -129 40 0 0.26 0.00 0.21 000 -1.368 1.3 25.0 180 26 000 0.0 180
00:31:50 1 -127 41 0 0.34 0.01 0.3.9 000 -1.167 3.3 25.0 180 22 000 0.0 180
00:32:00 2 -125 41 0 0.41 0.03 0.17 360 -0.905 4.8 25.0 180 28 000 0.0 180
00:32:10 2 -123 41 0 0.38 0.05 0.14 360 -0.589 6.3 75.0 180 27 000 0.0 180
00:32:20 3 -121 41 0 0.43 0.06 0.11 360 -0.366 -1.7 75.0 180 20 000 0.0 180
00:32:30 3 -119 38 0 0.47 0.03 0.15 360 -0.738 -8.9 75.0 180 23 000 0.0 180
00:32:40 4 -116 36 0 0.44 0.01 0.17 359 -1.002 -5.2 75.0 180 24 000 0.0 180
00:32:50 4 -114 36 0 0.34 -0.01 0.17 359 -1.121 -0.8 100.0
00:33:00

180 22 000 0.0 180
4 -113 36 0 0.24 0.00 0.16 359 -0.997 3.5 100.0 180 22 000 0.0 180

00;33 :10 5 -112 36 0 0.26 0.00 0.14 359 -0.876 5.0 75.0 180 21 000 0.0 180
00:33;20 5 -110 36 0 0.28 0.00 0.11 359 -0.756 7.0 52.0 180 18 000 0.0 180
00:33:30 5 -109 36 0 0.24 0.01 0.09 359 -0.495 8.0 52.0 180 21 000 0.0 180
00;33 :40 6 -108 36 0 0.19 0.02 0.06 359
00:33:50

-0.245 8.3 52.0 180 22 000 0.0 180
6 -107 36 0 0.16 0.02 0.03 359 -0.052 7.7 52.0 180 29 000 0.0 180

00:34:00 6 -106 36 0 0.07 0.01 0.00 359 0.035 6.8 63.0 180 22 000 0.0 180
00:34:10 6 -106 36 0 0.03 0.01 0.00 359 0.064 -4.3 63.0
00;34:20 -106 36

180 23 000 0.0 180
6 0 -0.01 -0.01 0.01 359 -0.143 4.3 26.0

00:34:30
180 22 000 0.0 180

6 -106 36 0 -0.02 -0.02 0.01 359
00:34:40

-0.166 0.5 26.0 180 24 000 0.0 180
6 -106 36 0 -0.03 -0.02 0.01 359 -0.214 -1.3 26.0

00:34:50
180 26 000 0.0 180

6 -106 36 0 0.03 -0.01 0.00 359 -0.045 3.8 26.0
00;35:00

180 25 000 0.0 180
6 -106 36 0 0.07 -0.02 0.01 358 -0.202 -5.7

:35:10
26.0 180 32 000 0.0 180

v

6 -105 35 0 0.10 -0.05 0.03 358 -0.500 -1.9 26.0 180 24 000 0.0
:35:20

180
6 -105 36 0 0.13 -0.08 0.03 358 -0.682 -0.3 26.0

0:35:30 -104 36
180 26 000 0.0 180

5 0 0.10 -0.08 0.03 358 -0.672 3.6 26.0 180 24 000 0.0 180
00:35:40 5 -104 36 0 0.08 -0.09 0.01 358 -0.620 6.4 26.0 180 21 000 0.0 180
00:35:50 5 -103 36 0 0.12 -0.11 -0.01 358 -0.624 5.7 51.0 180 17
00:36:00

000 0.0 180
5 -103 36 0 0.13 -0.11 -0.03 358 -0.565 6.2 63.0 180 19 000 0.0 180

00:36;10 4 -102 36 0 0.17 -0.13 -0.04 358 -0.553 6.9 75.0
00:36:20

180 23 000 0.0 180
4 -101 36 0 0.07 -0.13 -0.07 358 -0.391 8.4 100.0

00;36:30
180 25 000 0.0 180

3 -101 36 0 0.03 -0.12 -0.09 358 -0.191 7.7 52.0 180 21 000 0.0 180
00:36:40 3 -101 36 0 0.06 -0.15 -0.11 358 -0.284 8.5 52.0
00:36:50 -101 36

180 22 000 0.0 180
2 0 0.00 -0.13 -0.14 358 0.014 6.7 52.0

00:37:00
180 21 000 0.0 180

1 -101 35 0 -0.12 -0.07 -0.17 358 0.648 1.9 52.0 180 18 000 0.0 180
00:37:10 1 -102 36 0 -0.17 0.06 -0.20 358 1.632 -7.5 52.0 180 26 000 0.0 180
00:37:20 1 -103 36 0 -0.12 0.16 -0.18 358 2.175 -23.7 52.0
00:37:30

180 25 000 0.0 180
1 -103 36 0 -0.05 0.24 -0.11 359 2.223 -35.0 52.0 180 28 000 0.0 180

00:37:40 1 -103 36 0 0.05 0.28 -0.02 359 1.903 -32.7 52.0 180 21 000 0.0 180
00:37:50 2 -103 36 0 0.15 0.29 0.07 .359 1.386 -28.6 52.0 180 26 000 0.0 180

D
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Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Date: 04-Feb-99 Time: 08:50:07 I
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Start Time [hrs:min:sec]: 00:16:40
End Time [hrs:min:sec]: 00:38:00
Delta Plot Time [see]: 30
East-West Scale [m]: 926.
East-West Scale [Nm]: 0.5000



HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 21 Date: 4 February 1999
Start Time: 08:39
Length of run [sees]: 3664

Ship Condition: draft =13.72 m

Environment
Wind Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . . . 25 Direction: 45

Sea State, Significant wave height [m]: 5 Direction: 225

Current Speed [knots] :. . . . . . . . . . . . .. . . . . . . .. I Direction: 180

Ship Operator: J.A. Observer: B.K.J & J.K.

Final Nlating, distance between center of buoy and center of moon pool [m]: 2.5

Evaluation:

The approach and deceleration were no problem.
The captain used long time onjhal mating, part of it was learning time. It was not

possible to get a steady longitudinal thrust balance.
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Shiphandl ing Simulator Sxercise date & time: 04-Feb-99
09:40:51

Ship : 591 150,000 ton, Tanker, partial load
Exercise number: 754 Suction Mooring System

b

cenario: 112 Open Ocean
g file: 999 DununYtug file based on containership
raffic ships: 590 Suction Mooring BUOY

Initial conditions: 594 150k tanker in partial load - Suction Mooring
Sxercise identification: WqJ -k 2f

Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind
HH:MM:SS

Current
East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg

----------------------------------------------------------------------------------------------------------------------------

00:33:20 -58 -100 25 0 0.23 0.01 -0.24 041
00:33:30

1.573 18.2 100.0
-58 -99 25

180 18 045 1.0 180
0 0.14 -0.01 -0.24 041 1.460 11.4 75.0

00:33:40 -58
180 21 045 1.0 180

-98 32 0 0.03 -0.01 -0.22 041 1.327 3.4 50.0
00:33:50 -58

180 22 045 1.0 180
-98 33 0 -0.01 -0.01 -0.19 041 1.117 -0.2 50.0 180 29 045 1.0

00:34:00 -59 -97 38 0 -0.05
180

-0.01 -0.15 041 0.882 -1.4 27.0 180 22 045 1.0
00:34;10 -59 -97 39

180
0 -0.05 0.00 -0.10 042 0.629 -2.9 27.0 180 23 045 1.0

00:34;20 -60
180

-97 39 0 -0.02 0.01 -0.05 042 0.411 -8.3 27.0
00:34;30 -60 -97 39 0

180 22
0.05

045 1.0 180
0.01 0.02 042 -0.042 -4.5 17.0

00:34:40 -59 -97 39 0
180 24 045 1.0

0.08
180

0.01 0.03 042 -0.084 6.8 17.0 180 26 045 1.0
00:34:50 -59 -97 39 0 0.13

180
-0.01 0.02 042

00:35:00
-0.162 7.7 17.0 180 25 045 1.0

-58
180

-96 39 0 0.14 0.01 0.01 042 0.007 6.2 17.0
00:35:10 -58

180 32 045 1.0 180
-96 39 0 0.09 0.02 0.01 042

00:35:20
0.087 5.0 27.0 180 24 045 1.0

-58 -96 39 0 0.13 0.00
180

0.01 042 -0.035 6.5 17.0
00;35:30

180 26 045 1.0
-57

180
-95 39 0 0.15 0.01 0.01 042 0.018 6.1 17.0 180 24

00;35:40 -56 -94 38 0 0.22 0.01
045 1.0 180

0.00 042
00:35:50

0.024 2.1 27.0 180 21 045 1.0
-56 -93 39 0 0.21

180
-0.02 0.05 042 -0.472 -16.9 50.0 180 17 045 1.0

00:36:00 -55
180

-93 39 0 0.14 -0.04 0.15 041
00:36:10

-1.241
-54 -93 39 0

-17.6 36.0 180 19 045 1.0
0.19

180
-0.11 0.22 041 -2.084 -9.4 36.0

00:36:20 -53 -92 39 0
180 23 045 1.0

0.18
180

-0.16 0.24 041 -2.526 0.6 36.0 180 25
00:36:30

045 1.0
-53

180
-91 39 0 0.10 -0.17 0.21 040 -2.420 17.0 45.0

00;36:40 -52 -91 39 0
180 21 045 1.0

0.00
180

-0.08 0.11 040
00:36:50

-1.165 35.0 45.0 180 22 045 1.0
-52 -91 39 0 0.00 0.01 -0.01

180
040 0.124 25.5 45.0 180 21

00:37:00 -52 -91 39 0 -0.01 0.05
045 1.0 180

-0.05 040 0.583 6.5 45.0 180 18
00:37:10 -52 -91 39 0

045 1.0
0.02

180
0.05 -0.01 040 0.336 -12.5

00:37:20 -52
52.0

-91 38 0
180 26 045 1.0

0.04 0.04 0.05
180

040 -0.011 -3.2 52.0 180 25 045 1.0
00:37:30 -52 -91 39 0 0.06 0.04

180
0.07 040 -0.185 -1.0 62.0 180 28

00:37:40 -51 -91 39 0
045 1.0

0.04 0.01
180

0.08 040 -0.446 6.9 62.0
00:37:50

180 21 045 1.0
-51 -91 39 0 0.05 0.02

180
0.07 040 -0.345

v

5.2 62.0
:38:00

180 26 045 1.0
-51 -91 39 0 0.03

180
0.01 0.07 040 -0.348 3.9

:38:10
62.0

-50 -91 39 0
180 28 045 1.0

0.05
180

-0.07 0.08 040 -0.944 4.7 62.0 180 24
0:38:20 -50 -91 39 0 0.06

045 1.0 180
-0.08 0.08 040 -0.988 5.9 65.0

00:38:30 -50 -91 39 0 0.04
180 26 045 1.0 180

-0.02 0.06 040 -0.555 5.8 65.0 180 23
00:38:40 -50 -91 39 0

045 1.0
0.08

180
-0.05 0.07 039 -0.746 2.3 70.0 180 22

00:38:50
045 1.0

-50 -90 39 0 0.06
180

-0.09 0.06 039 -0.943 11.4 77.0
00:39:00 -50 -90 38 0

180 21 045 1.0
0.06 -0.13

180
0.03 039 -0.987 11.9 77.0

00:39:10
180 23 045 1.0

-50 -90 38 0 0.01
180

-0.16 0.00 039 -1.011 14.2 77.0 180 24 045 1.0
00:39:20 -50 -90 39 0 -0.13

180
-0.14 -0.02 039 -0.759 8.1 66.0 180 24

00:39:30 -51 -90 39
045 1.0 180

0 -0.19 -0.17 -0.03 039 -0.901 9.5 66.0
00:39:40

180 20 045 1.0
-52 -90 39

180
0 -0.19 -0.17 -0.04 039 -0.807 11.8 66.0

00:39:50 -53 -91 39
180 29

0 -0.18 -0.17
045 1.0 180

-0.06 038 -0.671 13.3 66.0
00:40:00 -54 -91 39

180 23
0 -0.24

045 1.0 180
-0.10 -0.08 038 -0.094 11.8 0.0 180 21

00:40:10 -55 -92 39
045 1.0 180

0 -0.20 -0.03 -0.09 038 0.363 S.2 0.0 180 20
00;40:20 -56 -93 39 0

045 1.0 180
-0.15 -0.03 -0.09 038 0.386

00:40:30 -57 -93 39
6.3 0.0

0
180 20 045 1.0 180

-0.12 -0.07 -0.08 039 0.081 7.6 0.0
00:40:40

180 24 045 1.0
-57 -93 38

180
0 -0.12 -0.11 -0.08 .039

00:40:50 -58
-0.177

-93 38
9.8 0.0

0 -0.11
180 24

-0.07
045 1.0 180

-0.09 039
00:41:00

0.114 8.0 0.0 180 29 045 1.0
-59 -93 39 0 -0.10

180
-0.11 -0.09 039 -0.136

00;41:10 -60 -93 39
9.5 0.0

0
180 22 045 1.0 180

-0.05 -0.12 -0.10 038 -0.093
00:41:20

10.0 0.0
-60 -93 39 0

180 20 045 1.0
-0.01

180
-0.07 -0.10 039

00:41:30
0.212 6.2 0.0 180 18 045 1.0

-60 -93 42 0 0.08
180

-0.10 -0.10 039 -0.008 8.4 0.0 180 24 045 1.0
00:41:40 -60 -92 41 0 0.14 -0.17 -0.12

180
’038 -0.313 10.9 0.0 180 25

00:41:50 -61 -91 41 0
045 1.0

0.09 -0.16
180

-0.15 038 -0.046 19.6 0.0
00:42:00 -61 -90 41 0

180 24 045 1.0
0.09

180
-0.14 -0.23 039 0.571 23.8 0.0 180 .27

00:42:10
045 1.0

-62
180

-89 44 0 0.07 -0.14 -0.29 039 0.965 19.7 0.0
00:42:20

180 28 045 1.0
-62

180
-88 44 0 0.05 -0.18 -0.33 039 0.984 17.5 0.0 180 23

00:42:30
045 1.0

-63 -87 44 0 0.07
180

-0.16 -0.36 039 1.241 13.1 0.0
00:42:40

180 27 045 1.0
-64

180
-86 44 0 0.04 -0.07 -0.37 039 1.916 19.7 0.0 180 26

00:42:50
045 1.0

-65
180

-85 47 0 0.05 0.00 -0.40 040 2.495 11.0 0.0 180 20
00:43:00

045 1.0
-65

180
-84 47 0 0.10 0.01 -0.37 040 2.406 3.7 0.0 180 25

00:43:10
045 1.0

-65
180

-83 46 0 0.22 -0.01 -0.33 040 2.020 2.0 0.0 180 20 045 1.0
00:43:20 -65 -82 44 0 0.17

180
-0.02 -0.28 041 1.633 -2.8 75.0 180 28

00:43:30
045 1.0

-65
180

-81 44 0 0.14 -0.04 -0.20 041 1.048 -5.7 54.0
00:43:40

180 20 045 1.0
-65 -80 44 0 0.14

180
-0.05 -0.14 041 0.540 -5.0 54.0 180 17 045 1.0

00:43:50 -65
180

-79 44 0 0.21 -0.06 -0.08 041 0.147 -1.1 54.0
00:44:00

180 24 045 1.0
-64

180
-78 39 0 0.24 -0.07 -0.10 041 0.176 15.0 100.0 180 19

00:44:10
045 1.0

-64
180

-76 34 0 0.20 0.00 -0.12 041 0.769 10.4 100.0
00:44:20

180 22 045 1.0
-64

180
-76 34 0 0.17 0.02

P

-0.12 041 0.901 5.8 100.0 180 24
:44:30

045 1.0
-63

180
-75 29 0 0.17 0.01 -0.11 041 0.755 4.0 100.0 180 21

:44:40
045 1.0

-63
180

-74 29 0 0.06 0.00 -0.09 042 0.560 -1.0 100.0
0:44:50 -63

180 20 045 1.0 180
-74 29 0 0.01 -0.03 -0.06 042 0.211 0.7 51.0

00:45:00
180 25 045 1.0

-63
180

-74 29 0 -0.03 -0.07 -0.05 042 -0.099 7.4 74.0 180 27
00:45:10 -64

045 1.0 180
-74 29 0 -0.17 -0.08 -0.04 042 -0.202 7.5 51.0 180 32

00:45:20
045 1.0

-65
180

-74 29 0 -0.24 -0.07 -0.03 042 -0.203 7.7 51.0 180 25 045 1.0 180
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Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current

HH:k04:SS East North Port Stbd Long Bow Stern Heading Degl14in Deg % Deg Knots Deg Rnots Deg
---------------- ------------------------------------- ------------------------------------------------------------- .---------

hi
fl:45:30

:45:40
. :45:50
00:46;00
00:46:10
00:46:20
00:46:30
00:46:40
00:46:50
00:47:00
00:47:10
00:47:20
00:47:30
00:47:40
00:47:50
00:48:00
00:48:10
00:48:20
00:48:30
00:48:40
00;46:50
00:49:00
00:49:10
00:49:20
00:49:30
00:49:40
00:49:50
00:50:00
00:50:10
00:50:20
00:50:30
00:50:40
00:50:50
00;51 :00
00:51:10
00:51:20
00:51:30
00:51:40

K1

:51;50
:52:00
:52:10

00:52:20
00;52:30
00:52:40
00:52:50
00:53:00
00:53:10
00:53:20
00:53:30
00:53:40
00:53:50
00:54:00
00:54:10
00:54:20
00:54:30
00:54;40
00:54:50
00:55:00
00:55:10
00:55:20
00:55:30
00:55:40
00:55:50
00:56:00
00:56:10
00:56:20
00:56:30
00:56:40
00:56:50
00:57:00
00:57:10
00:57:20
00:57:30
00:57:40
00:57:50
00:58:00
00:58:10

P

:58:20
:58:30

0:58:40
00:58:50
00:59:00
00:s9:10

-66
-67
-68
-69
-70
-71
-72
-72
-73
-73
-73
-73
-72
-71
-70
-69
-68
-68
-67
-66
-65
-64
-63
-62
-62
-61
-60
-58
-57
-56
-55
-55
-55
-55
-56
-57
-58
-59
-60
-61
-62
-63
-64
-65
-65
-65
-65
-64
-63
-63
-62
-62
-62
-61
-61
-61
-62
-63
-64
-66
-67
-68
-70
-71
-72
-73
-74
-75
-76
-76
-77
-77
-77
-77
-77
-77
-77
-77
-76
-75 “
-74
-73
-72

-75
-76
-77
-79
-80
-81
-82
-82
-83
-84
-84
-84
-83
-83
-82
-82
-81
-81
-80
-80
-79
-79
-78
-78
-78
-77
-77
-77
-76
-76
-76
-76
-76
-76
-77
-78
-78
-79
-80
-81
-82
-83
-84
-84
-84
-84
-84
-83
-82
-81
-79
-78
-77
-75
-74
-73
-72
-72
-72
-72
-73
-74
-74
-75
-75
-75
-76
-76
-76
-77
-77
-78
-78
-78
-79
-79
-80
-80
-80
-80
-80
-79
-79

29
29
29
43
53
48
39
31
39
55
57
48
44
42
41
42
44
44
44
44
44
43
43
43
43
43
43
33
31
31
36
36
32
32
32
33
33
43
43
43
42
47
50
49
50
49
50
49
5P
49
50
49
48
45
29
29
29
29
29
29
29
29
36
36
37
37
40
40
40
41
42
42
44
48
48
46
46
46
46
46
45
45
46

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-0.28
-0.28
-0.29
-0.31
-0.29
-0.27
-0.17
-0.19
-0.19
-0.14
0.03
0.20
0.22
0.17
0.19
0.17
0.14
0.19
0.21
0.21
0.18
0.19
0.19
0.15
0.14
0.12
0.22
0.22
0.20
0.12
0.03
0.03

-0.02
-0.14
-0.19
-0.19
-0.23
-0.24
-0.26
-0.25
-0.30
-0.29
-0.19
-0.08
-0.01
0.03
0.17
0.22
0.23
0.24
0.20
0.27
0.32
0.29
0.17
0.07

-0.02
-0.12
-0.25
-0.26
-0.27
-0.26
-0.25
-0.17
-0.17
-0.26
-0.21
-0.15
-0.12
-0.09
-0.10
-0.07
-0.05
-0.05
-0.09
-0.09
-0.06
0.04
0.09
0.14
0.19
0.26
0.24

-0.03
-0.03
-0.04
-0.01
0.03
0.07
0.09
0.08
0.08
0.05
0.05
0.01
0.01
0.01
0.01
0.00
0.02
0.04
0.06
0.07
0.08
0.04

-0.01
-0.03
0.03
0.07
0.01

-0.01
0.00

-0.03
-0.01
-0.06
-0.04
-0.04
-0.03
-0.02
-0.04
-0.06
-0.05
-0.06
-O. O6
-0.03
0.00

-0.03
0.00
0.00

-0.08
-0.16
-0.19
-0.17
-0.12
-0.16
-0.14
-0.12
-0.13
-0.13
-0.13
-0.13
-0.09
-0.01
0.05
0.09
0.14
0.13
0.14
0.18
0.16
0.10
0.04
0.00
0.01

-0.04
-0.06
-0.05
-0.03
0.03
0.07
0.11
0.12
0.14
0.15
0.09
0.05

-0.03
-0.01
-0.01
0.00

-0.01
-0.09
-0.12
-0.08
-0.02
0.05
0.11
0.13
0.13
0.12
0.10
0.08
0.05
0.04
0.02
0.02
0.04
0.12
0.17
0.18
0.17
0.17
0.23
0.27
0.27
0.26
0.20
0.12
0.03

-0.02
-0.03
-0.04
-0.04
-0.05
-0.06
-0.07
-0.08
-0.09
-0.08
-0.07
-0.04
0.04
0.09
0.11
0.08
0.03

-0.02
-0.07
-0.11
-0.15
-0.16
-0.17
-0.20
-0.24
-0.28
-0.32
-0.34
-0.36
-0.36
-0.37
-0.41
-0.41
-0.35
-0.23
-0.10
-0.01
0.05
0.13
0.16
0.16
0.15
0.09
0.06
0.06
0.06
0.07
0.09
0.17
0.24

042
042
042
042
042
042
042
042
042
042
042
042
042
042
042
042
042
042
042
042
042
042
042
041
041
041
041
041
040
040
040
040
039
039
039
039
039
039
039
039
039
039
040
040
040
040
040
039
039
039
039
038
038
038
038
038
039
039
039
039
039
040
040
041
041
042
043
043
043
043
043
043
043
043
043
043
042
043
043
043
043
043
043

-0.038
-0.126
-0.237
-0.051
0.269
1.051
1.326
1.046
0.640

-0.017
-0.339
-0.733
-0.74s
-0.697
-0.597
-0.481
-0.245

0.005
0.230
0.288
0.280

-0.475
-1.157
-1.346
-0.90s
-0.645
-1.359
-1.763
-1.747
-1.818
-1.352
-1.137
-0.428
-0.077
0.026
0.116
0.003

-0.087
0.062
0.060
0.126
0.392
0.541
0.250
0.240

-0.244
-1.064
-1.736
-1.701
-1.325
-0.637
-0.594
-0.132
0.198
0.14s
0.258
0.451
0.700
1.211
1.949
2.451
2.87’7
3.194
3.122
3.479
3.749
3.252
2.062
0.907
0.086

-0.300
-1.056
-1.383
-1.311
-1.153
-0.416
0.075
0.309
0.352
0.473
0.388

-0.516
-1.188

7.5
7.8
8.8

i::;
19.7
6.3

-7.7
-7.4
-4.5
0.8
1.8
3.8
6.9
7.6
8.9
8.8
7.3
5.5
4.6
-6.4

-10.3
-3.8
3.1
3.5
-0.3
-9.5
-3.2
2.7

12.1
20.3
35.0
35.0
16.6
11.1
10.5
10.7
11.7
11.0
10.4
10.2
8.6
5.2
4.3

-3.9
-3.8
-2.3
3.6
8.5

10.9
10.9
11.4
11.2
9.4
8.8

23.8
22.9
35.0
35.0
27.5
35.0
26.9
15.3
29.5
27.1
14.6
-4.4
-16.8
-14.8
-9.2
-3.9
-9.0
2.4
4.8

10.1
13.0
8.2
4.5
4.0
3.0

-4.5
-11.1
-5.8

0.0
0.0
0.0
0.0
0.0
0.0
0.0

28.0
28.0
28.0
28.0
28.0
52.0
52.0
52.0
25.0
25.0
17.0
28.0
49.0
49.0
61.0
61.0
61.0
78.o
78.0
90.0
100.0
100.0
100.0
100.0
75.0
75.0
75.0
75.0
75.0
26.0
26.0
0.0
0.0
0.0
0.0
0.0
0.0

25.0
25.0
25.0
73.0
73.0
85.0
85.0
79.0
95.0
95.0
95.0
75.0
95.0
95.0
44.0
44.0
21.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

49.0
49.0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

.180
180
180
180
180
180
180
180
180
180
180

25
24
22
22
26
25
19
28
20
21
19
19
28
25
24
28
19
20
29
20
26
20
24
26
24
26
25
22
22
29
21
23
25
24
22
20
15
21
20
24
34
19
25
25
23
28
26
26
27
21
23
23
14
22
22
22
21
24
22
26
27
23
26
16
26
29
23
26
24
17
24
21
24
28
20
31
23
18
21
21
21
26
25

045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
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Time Position (m) RPM Speed (Knots) Turn Rudder

HH:NM:SS

Gill Nind Current
East North Port Stbd Long BOW Stern Heading DeglMin Deg % Deg Knots Deg Knots Deg

----------------------------------------------- -------------------------------------------------------------------- ---------

@

:59:20
:59:30

0:59:40
00:59:50
01:00:00
01:00:10
01:00:20
01:00:30
01:00:40
01:00:50
01:01:00

D

B

-70 -79
-68 -78
-67 -77
-65 -76
-63 -76
-62 -75
-60 -74
-59 -73
-58 -73
-58 -73
-57 -73

46 0
46 0
46 0
45 0
45 0
46 0
46 0
46 0
46 0
31 0
0 0

0.29
0.37
0.31
0.31
0.34
0.34
0.28
0.14
0.10
0.11
0.07

0.03
0.02
0.05
0.04
0.02

-0.03
-0.06
0.01
0.05
0.03
0.04

0.27
0.28
0.26
0.27
0.30
0.29
0.25
0.17
0.09
0.05
0.03

042 -1.575
042 -1.653
042 -1.328
042 -1.458
041 -1.770
041 -2.043
041 -1.948
040 -1.001
040 -0.267
040 -0.073
040 0.083

-0.6 49.0
3.2 100.0
7.4 100.0
-6.3 100.0
-0.6 100.0
6.1 100.0

13.4 100.0
17.9 100.0
15.0 0.0
13.2 0.0
11.3 0.0

180
180
180
180
180
180
180
180
180
180
180

20
22
21
28
26
23
25
29
22
30
26

045 1.0
045 1.0
045 1.0
045 1.0
045 1.0
045 1.0
045 1.0
045 1.0
045 1.0
045 1.0
045 1.0

180
180
180
180
180
180
180
180
180
180
180
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Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Date: 04-Feb-99 Time: 09:40:51 I

Start Time [hrs:min:sec]: 00:33:20
End Time [hrs:min:sec]: 01:01:04
Delta Plot Time [see]: 30
East-West Scale [m]; 926.
East-West Scale [Nm]: 0.5000
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Simulation Number:
Start Time: 10:50

HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

22 Date: 4 February 1999

Length of run [sees]: 1665

Ship Condition: draft =13.72 m

Environment
Wind Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . . . 25 Direction: 45

Sea State, Significant wave height [m]:.. 5 Direction: 225

Current Speed [knots] :. . . . . . . . . . . . . . . . . . . . .. 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]: 2.5

Evaluation:

Started as the previous run # 21. i%e plan was to shorten the approach time first by
incepting the course line closer to the buoy and second by waiting until closer to the buoy
to get on the equilibrium heading. In doing this, the buoy was slightly overshot when the
captain had achieved the intercept heading at close to zero speed. Then to get back, he
went slightly to the right of the up wind/up wave direction to get back quicker.
The equilibrium heading at zero speed was about 044 to 045 degrees.
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D&iMCii Page 1

Shiphandl ing Simulator Exercise date & time: 04-Feb-99
10:50:54

ship : 591 150,000 ton, Tanker, partial load
Sxercise number: 754 Suction Mooring System

I

cenario: 112 Open Ocean
g 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: ‘RUN a 22.

Time Position (m) RPM Speed (Knots) Turn Rudder

HH:NM:SS
Gill Wind Current

East North Port Stbd Long Bow Stem Heading DeglMin Deg % Deg Knots Deg Snots Deg
-------------- --------- ------------------ ------------------------------------------------------------------------ -----------

00:08:20
00:08:30
00:08:40
00:08:50
00:09:00
00:09:10
00:09:20
00:09:30
00:09:40
00:09:50
00:10:00
00:10:10
00:10:20
00:10:30
00:10:40
00:10:50
00:11:00
00:11:10
00:11:20
00:11:30
00:11:40
00;11:50
00:12:00
00:12:10
00:12:20
00:12:30
00:12:40
00:12:50

b

:13:00
:13:10

IJ:13:20
00:13:30
00;13 :40
00:13:50
00:14:00
00:14:10
00:14:20
00;14 :30
00:14:40
00:14:50
00:15:00
00:15:10
00:15:20
00:15:30
00:15:40
00:15:50
00:16:00
00:16:10
00:16:20
00:16:30
00:16:40
00:16:50
00:17:00
00:17:10
00:17:20
00:17:30
00:17:40
00:17:50
00;18:00
00:18:10
00:18:20
00:18:30
00:18:40
00:18:50
00:19:00
00:19:10
00:19:20

P

:19:30
:19:40

0:19:50
00:20:00
00:20:10
00:20:20

-169
-161
-154
-147
-141
-135
-131
-126
-122
-118
-114
-109
-104
-98
-91
-85
-79
-74
-69
-64
-59
-55
-52
-49
-47
-45
-45
-46
-46
-46
-46
-46
-47
-49
-50
-52
-54
-56
-58
-60
-61
-63
-65
-67
-69
-70
-71
-72
-73
-73
-74
-74
-75
-75
-75
-74
-73
-71
-70
-69
-68
-67
-66
-65
-63
-62
-62
-62
-62
-63
-64
-65
-67

-1096
-1076
-1057
-1038
-1018
-999
-980
-961
-942
-924
-906
-889
-872
-855
-839
-822
-806
-789
-773
-757
-741
-724
-708
-692
-676
-660
-644
-628
-612
-597
-581
-565
-550
-534
-518
-503
-487
-472
-457
-442
-428
-414
-400
-386
-373
-360
-347
-335
-322
-310
-298
-286
-275
-263
-252
-242
-232
-221
-212
-203
-194
-186
-179
-172
-165
-158
-152
-146
-140
-134
-127
-121
-115

42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
41
30
29
29
36
49
54
54
60
61

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

4.09
4.02
3.95
3.96
3.93
3.87
3.78
3.69
3.57
3.47
3.43
3.43
3.42
3.38
3.37
3.43
3.35
3.33
3.25
3.21
3.25
3.25
3.18
3.12
3.09
3.06
3.01
2.98
2.98
2.97
2.95
2.94
2.95
2.86
2.76
2.7’7
2.70
2.67
2.59
2.51
2.46
2.42
2.35
2.27
2.25
2.25
2.25
2.20
2.14
2.10
2.02
1.91
1.92
1.88
1.79
1.80
1.79
1.78
1.64
1.50
1.43
1.38
1.34
1.29
1.27
1.19
1.15
1.06
0.97
0.97
1.01
1.00
1.04

-1.03
-0.95
-0.92
-0.63
-0.50
-0.43
-0.38
-0.27
-0.29
-0.26
-0.17
-0.32
-0.44
-0.31
-0.36
-0.69
-0.90
-1.00
-0.99
-1.02
-1.26
-1.14
-1.30
-1.26
-1.34
-1.32
-1.32
-0.95
-0.56
-0.41
-0.18
-0.20
-0.59
-0.71
-0.63
-0.72
-0.85
-0.95
-0.83
-0.83
-1.35
-1.46
-1.55
-1.40
-1.27
-0.89
-0.72
-0.58
-0.38
-0.41
-0.43
-0.43
-0.47
-0.46
-0.45
-0.54
-0.70
-0.94
-1.05
-0.99
-1.13
-1.20
-1.17
-0.93
-0.88
-0.77
-0.75
-0.82
-0.72
-0.63
-0.44
-0.31
-0.30

0.47
0.46
0.33
0.10

-0.22
-0.53
-0.82
-1.07
-1.23
-1.25
-1.15
-0.95
-0.75
-0.57
-0.39
-0.22
-0.09
0.01
0.11
0.20
0.28
0.34
0.40
0.38
0.32
0.17

-0.09
-0.40
-0.68
-0.93
-1.14
-1.32
-1.42
-1.46
-1.58
-1.75
-1.89
-1.93
-1.84
-1.65
-1.41
-1.21
-1.08
-1.07
-1.15
-1.31
-1.48
-1.61
-1.71
-1.78
-1.84
-1.88
-1.88
-1.79
-1.60
-1.33
-1.05
-0.81
-0.61
-0.43
-0.25
-0.09
0.04
0.07
0.02

-0.08
-0.20
-0.32
-0.50
-0.76
-1.01
-1.25
-1.47

027
025
024
023
022
022
022
023
024
025
026
027
028
028
028
028
027
026
025
024
022
021
019
017
015
014
012
011
011
012
012
013
014
015
016
017
018
019
020
021
022
022
021
021
021
021
022
022
024
025
027
028
030
031
032
033
034
034
034
033
033
032
030
029
028
027
027
026
026
026
026
027
028

-9.549
-8.968
-7.974
-4.602
-1.830
0.633
2.803
5.075
5.949
6.329
6.223
3.967
1.967
1.644
0.216

-2.959
-5.119
-6.466
-6.959
-7.752
-9.774
-9.398

-10.815
-10.395
-10.584
-9.501
-7.819
-3.460
0.720
3.289
6.085
7.090
5.293
4.800
6.048
6.573
6.625
6.232
6.411
5.162
0.399
-1.577
-2.999
-2.091
-0.750
2.721
4.807
6.533
8.443
8.697
8.948
9.171
8.955
8.446
7.265
4.995
2.233
-0.818
-2.806
-3.565
-5.618
-7.020
-7.655
-6.344
-5.705
-4.416
-3.506
-3.196
-1.382
0.802
3.615
5.928
7.434

-32.6
-13.6
5.4

24.4
35.0
35.0
35.0
32.2
15.1
-3.4
-22.4
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-33.9
-14.9
-12.6

6.4
25.4
35.0
35.0
35.0
35.0
27.0
8.0

14.2
33.2
35.0
28.1
9.1

-9.9
-28.6
-35.0
-32.0
-17.7

1.3
20.3
35.0
35.0
35.0
35.0
35.0
35.0
30.8
11.8
-7.2
-26.2
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-26.5
-7.4
11.6
30.6
35.0
35.0
35.0
3s.0
35.0
35.0
35.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
23.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

26
19
25
24
25
29
27
25
30
18
22
26
20
21
18
22
21
26
23
24
19
21
30
24
26
28
22
22
24
18
27
20
27
30
17
23
22
22
25
26
20
22
20
24
24
19
22
25
23
25
32
21
29
25
22
24
16
25
26
20
23
20
13
25
23
28
27
23
28
24
23
24
26

045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045
045

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

1
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Time
HH:NN:SS
.----.---

E
:20:30
:20:40
:20:50

00:21:00
00:21:10
00:21:20
00:21:30
00:21:40
00:21:50
00:22:00
00:22:10
00:22:20
00:22:30
00:22:40
00:22:50
00:23:00
00:23:10
00:23:20
00:23:30
00:23:40
00:23:50
00:24:00
00:24:10
00:24:20
00:24:30
00:24:40
00:24:50
00:25:00
00:25:10
00:25:20
00:25:30
00:25:40
00:25:50
00:26:00
00:26:10
00:26:20
00:26:30
00:26:40

u:26:50
:27:00
:27:10

00;27 :20
00:27:30
00:27:40

P

Position (m)
Esst North

----------------

-68 -107
-70 -100
-71 -93
-72 -87
-73 -80
-74 -73
-74 -67
-73 -62
-71 -57
-69 -52
-66 -48
-62 -44
-59 -41
-55 -38
-52 -35
-50 -34
-48 -33
-47 -33
-46 -32
-45 -33
-45 -34
-45 -35
-45 -37
-46 -39
‘-47 -42
-49 -44
-50 -48
-52 -51
-54 -55
-56 -59
-58 -63
-58 -67
-58 -70
-57 -73
-56 -76
-54 -78
-53 -80
-53 -82
-53 -84
-54 -86
-54 -88
-56 -90
-57 -92
-58 -95

Port
-----

62
63
63
63
63
62
62
62
59
59
59
33
-24
-52
-61
-61
-30
0
0
0
0
0
0
0
0
0
0
0

32
58
66
66
66
45
37
31
34
29
29
29
29
29
0
0

RPM
Stbd

---------

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

speed (Rnocs)
Long BOW Stern
-----------------------

1.08 -0.19 -1.65
1.03 -0.09 -1.79
0.99 -0.03 -1.89
0.93 0.09 -1.96
0.94 0.17 -1.98
0.90 0.24 -1.91
0.85 0.30 -1.65
0.91 0.23 -1.25
0.97 0.08 -0.80
1.02 -0.07 -0.36
0.99 -0.18 -0.01
1.02 -0.15 0.12
0.91 -0.04 0.11
0.81 0.04 0.11
0.65 0.06 0.12
0.45 0.08 0.15
0.28 0.09 0.16
0.22 0.13 0.15
0.10 0.16 0.13

-0.01 0.18 0.12
-0.13 0.20 0.12
-0.27 0.22 0.12
-0.38 0.24 0.12
-0.50 0.25 0.13
-0.54 0.27 0.14
-0.57 0.28 0.15
-0.69 0.29 0.16
-0.80 0.30 0.17
-0.83 0.29 0.22
-0.75 0.21 0.38
-0.70 -0.01 0.77
-0.54 -0.23 1.16
-0.39 -0.41 1.49
-0.24 -0.47 1.57
-0.20 -0.51 1.48
-0.20 -0.42 1.32
-0.28 -0.51 1.18
-0.32 -0.58 1.05
-0.38 -0.61 0.93
-0.40 -0.65 0.83
-0.43 -0.75 0.73
-0.48 -0.70 0.62
-0.50 -0.67 0.54
-0.58 -0.75 0.53

Turn
Heading Deg/Min

-------------------

029 9.308
031 10.831
033 11.796
035 12.991
037 13.673
039 13.656
042 12.397
043 9.421
045 5.605
045 1.839
045 -1.058
045 -1.684
045 -0.985
045 -0.450
045 -0.379
045 -0.414
045 -0.439
045 -0.123
045 0.158
045 0.354
045 0.518
045 0.652
045 0.739
045 0.789
045 0.814
045 0.843
045 0.843
046 0.809
046 0.455
046 -1.098
045 -4.939
044 -8.849
042 -12.071
040 -12.946
038 -12.588
036 -11.075
034 -10.705
032 -10.340
031 -9.775
029 -9.363
028 -9.394
026 -8.398
025 -7.700
023 -8.127

Rudder Gill
Deg % Deg

----------.----------

35.0 100.0 125
35.0 100.0 125
35.0 100.0 125
35.0 100.0 125
35.0 100.0 125
18.2 100.0 125
-0.8 100.0 125
-19.8 100.0 125
-35.0 100.0 125
-35.0 100.0 125
-21.7 100.0 125
-2.7 100.0 125
16.3 100.0 125
35.0 100.0 180
35.0 100.0 180
35.0 100.0 180
35.0 100.0 180
35.0 100.0 180
35.0 74.0 180
35.0 74.0 180
23.1 74.0 180
4.1 74.0 180

-14.9 74.0 180
-33.9 52.0 180
-35.0 52.0 180
-35.0 32.0 180
-35.0 0.0 180
-35.0 0.0 180
-35.0 0.0 180
-35.0 0.0 180
-35.0 0.0 180
-35.0 0.0 180
-27.9 0.0 180
-8.9 0.0 180
10.1 0.0 180
29.1 0.0 180
35.0 0.0 180
35.0 0.0 180
35.0 0.0 180
35.0 0.0 180
35.0 0.0 180
35.0 0.0 180
35.0 0.0 180
19.8 0.0 180

Wind
Knots Deg
------------

20 045
27 045
25 045
19 045
22 045
21 045
24 045
25 045
19 045
23 045
25 045
19 045
33 045
23 045
19 045
22 045
19 045
25 045
24 045
25 045
27 045
25 045
21 045
28 045
21 045
23 045
27 045
28 045
24 045
21 045
19 045
17 045
23 045
19 045
27 045
20 045
19 045
29 045
25 045
25 045
27 045
23 045
25 045
26 045

Current
Knots Deg

-----------
1.0 1s0
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180
1.0 180

I
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9 Simulation Track Plot,
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Date: 04-Feb-99

/ w/
Start Time [hrs:min:sec]:
End Time [hrs:min:sec]:
Delta Plot Time [see]:

Time
East-West Scale [m]:
East-West Scale [Nm]:

00:08:20
00:27:45

30
926.

0.5000



HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 23 Date: 4 February 1999
Start Time: 11:32
Length of run [sees]: 2160

Ship Condition: drafi =13.72 m

Environment
Wind Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . . . 25 Direction: 90

Sea State, Significant wave height [m]:.. 5 Direction: 270

Current Speed [knots] :. . . . . . . . . . . . . . . . . . . . .. 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]: 2.0

Evaluation:

● The approach went well. The ship canze into the approximate equilibrium heading 080 at
zero speed near the buoy. The captain decided not to mate on thejlrst pass through the
center of the moon pool. Going to the left and changing the heading to about 085
degrees and then let the current force push the ship sideways.

!
>
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Iog.ascii rage I

Shiphandling Simulator Exercise date & time: 04-Feb-99
11:32:04

Ship : 591 150,000 ton, Tanker, partial load
Exercise number: 754 Suction Mooring System

h

<enario: .112 Open Ocean
g file: 999 DtumnYtug file based on containership
affic ships: 590 Suetion Mooring Buoy

Initial conditions: 594 .150k tanker in partial load - Suction Mooring
Exercise identification: ~tAtJ s23

Time Position (m) RPM Speed (Knots) mm Rudder Gill

HH:MM:SS
Wind Current

East North Port Stbd Long Bow Stern Heading DeglMin Deg % Deg Knots Dag Knots Deg
----------------------------------------------------------------------------------------------------------------------------

00:16:40 -85 -154 36 0 0.35 -0.52 -0.72 068 1.273 -1.0 83.0 180 32

00:16;50
090 1.0 180

-85 -150 36 0 0.29 -0.65 -0.60 068 -0.289 -0.1 76.0 180 21
00:17;00

090 1.0 180
-85 -147 36 0 0.33 -0.83 -0.51 068 -1.990 11.6 76.0 180 29 090 1.0 180

00;17:10 -85 -143 36 0 0.32 -0.82 -0.50 067 -2.062 30.6 76.0 180 25 090 1.0 180
00:17:20 -85 -139 36 0 0.25 -0.72 -0.53 067 -1.243 35.0 76.0 180 22 090 1.0 180
00;17 :30 -85 -136 36 0 0.28 -0.68 -0.56 067 -0.810 35.0 52.0 180 24 090 1.0 180
00:17:40 -85 -132 36 0 0.29 -0.77 -0.58 067 -1.173 35.0 52.0 180 16
00:17:50

090 1.0 180
-85 -128 36 0 0.29 -1.06 -0.60 067 -2.962 35.0 52.0 180 25 090 1.0 180

00:18:00 -85 -124 36 0 0.19 -1.14 -0.61 066 -3.405 35.0 75.0 180 26 090 1.0 180
00:18:10 -86 -119 36 0 0.08 -0.91 -0.62 066 -1.880 35.0 75.0 180 20 090 1.0 180
00:18:20 -88 -116 36 0 0.06 -1.07 -0.62 065 -2.900 35.0 0.0 180 23 090 1.0 180
00:18:30 -89 -111 36 0 0.06 -1.09 -0.61 065 -3.031 35.0 26.0 180 20 090 1.0 180
00:18:40 -91 -107 36 0 0.06 -0.96 -0.61 064 -2.202 35.0 26.0 180 13 090 1.0 180
00:18:50 -92 -104 36 0 0.04 -0.58 -0.62 064 0.254 35.0 26.0 180 25 090 1.0 180
00:19:00 -93 -101 44 0 0.06 -0.55 -0.65 064 0.623 35.0 26.0 180 23 090 1.0 180
00:19:10 -94 -98 45 0 0.07 -0.45 -0.71 064 1.645 35.0 52.0 180 28 090 1.0 180
00:19:20 -95 -95 45 0 0.11 -0.46 -0.76 065 1.905 35.0 52.0 180 27 090 1.0 180
00:19:30 -96 -92 44 0 0.12 -0.58 -0.81 065 1.429 35.0 52.0 180 23 090 1.0 180
00:19:40 -97 -89 44 0 0.08 -0.52 -0.85 065 2.099 35.0 52.0 180 28 090 1.0 180
00:19:50 -98 -85 47 0 0.11 -0.54 -0.88 066 2.202 35.0 52.0 180 24 090 1.0 180
00:20:00 -99 -82 47 0 0.19 -0.41 -0.93 066 3.307 35.0 52.0 180 23 090 1.0 180
00:20:10 -1oo -78 48 0 0.20 -0.38 -0.97 067 3.734 35.0 27.0 180 24 090 1.0 180
00:20:20 -1oo -74 47 0 0.27 -0.48 -1.00 067 3.310 35.0 49.0 180 26 090 1.0 180
00:20:30 -1oo -70 48 0 0.32 -0.50 -1.04 068 3.393 35.0 49.0 180 20 090 1.0 180
00:20:40 -1oo -66 48 0 0.29 -0.54 -1.06 068 3.308 35.0 49.0 180 27 090 1.0 180
00:20:50 -1oo -61 47 0 0.26 -0.65 -1.08 069 2.716 35.0 49.0 180 25 090 1.0 180
00:21:00 -101 -57 47 0 0.23 -0.66 -1.07 069 2.586 28.1 49.0 180 19 090 1.0 180
00:21:10 -101 -52 47 0 0.26 -0.77 -1.05 070 1.805 35.0 49.0

:21:20
180 22 090 1.0 180

u

-102 -47 47 0 0.23 -0.78 -1.06 070 1.812 35.0 49.0
:21:30

180 21 090 1.0 180
-102 -43 47 0 0.18 -0.44 -1.05 070 3.889 23.9 49.0 180 24 090 1.0

0:21:40
180

-102 -39 47 0 0.23 -0.29 -0.95 071 4.197 12.3 25.0 180 25 090 1.0 180
00:21:50 -102 -36 48 0 0.31 -0.31 -0.87 072 3.549 16.8 25.0 180 19 090 1.0 180
00:22:00 -101 -32 47 0 0.37 -0.45 -0.78 072 2.126 11.1 25.0 180 23 090 1.0 180
00:22:10 -1oo -29 48 0 0.34 -0.29 -0.75 073 2.934 20.0 50.0 180 25 090 1.0 180
00:22:20 -99 -26 48 0 0.37 -0.28 -0.69 073 2.576 12.2 74.0 180 19 090 1.0 180
00:22:30 -98 -23 47 0 0.34 -0.29 -0.68 073 2.475 31.2 74.0 180 33 090 1-0 180
00:22:40 -97 -20 48 0 0.37 -0.23 -0.75 074 3.274 35.0 97.0 180 23 090 1.0 180
00:22:50 -96 -17 48 0 0.40 -0.18 -0.80 075 3.965 35.0 97.0 180 19 090 1.0 180
00:23:00 -95 -14 47 0 0.40 0.00 -0.85 075 5.420 35.0 97.0 180 22 090 1.0 180
00:23:10 -93 -11 41 0 0.37 -0.03 -0.87 076 5.334 35.0 97.0 180 19 090 1.0 180
00:23:20 -92 -9 33 0 0.37 -0.01 -0.84 077 5.291 35.0 97.0 180 25 090 1.0 180
00:23:30 -91 -6 33 0 0.29 -0.06 -0.78 078 4.566 23.2 97.0 180 24 090 1.0 180
00:23:40 -90 -4 33 0 0.20 -0.23 -0.69 079 2.883 18.4 97.0 180 25 090 1.0 180
00:23:50 -90 -1 33 0 0.10 -0.35 -0.59 079 1.524 15.4 97.0 180 27 090 1.0 180
00:24:00 -90 1 33 0 -0.01 -0.34 -0.53 079 1.206 29.4 97.0 180 25 090 1.0 180
00:24:10 -91 3 33 0 -0.09 -0.33 -0.48 079 0.927 27.2 75.0 180 21 090 1.0 180
00:24:20 -92 5 33 0 -0.17 -0.28 -0.43 080 0.916 24.2 75.0 180 28 090 1.0 180
00;24:30 -93 6 33 0 -0.17 -0.26 -0.37 080 0.694 21.9 75.0 180 21 090 1.0 180
00:24:40 -94 8 33 0 -0.17 -0.28 -0.32 080 0.214 31.0 52.0 180 23 090 1.0 180
00:24:50 -95 9 33 0 -0.25 -0.19 -0.36 080 1.069 35.0 52.0 180 27 090 1.0 180
00:25:00 -97 10 33 0 -0.34 -0.07 -0.42 080 2.259 35.0 52.0 180 28 090 1.0 180
00:25:10 -99 11 33 0 -0.36 -0.01 -0.47 081 2.937 35.0 52.0 180 24 090 1.0 180
00:25:20 -101 12 33 0 -0.33 -0.05 -0.51 081 2.943 35.0 52.0 180 21 090 1.0 180
00:25:30 -103 13 33 0 -0.40 0.05 -0.55 082 3.778 35.0 0.0 180 19 090 1.0 180
00:25:40 -105 14 43 0 -0.37 0.20 -0.62 082 5.197 34.5 0.0 180 17 090 1.0 180
00:25:50 -107 15 43 0 -0.30 0.33 -0.67 083 6.297 15.5 0.0 180 23 090 1.0 180
00:26:00 -108 15 47 0 -0.19 0.34 -0.62 084 6.085 -3.5 0.0 180 19 090 1.0 180
00:26:10 -109 16 38 0 -0.11 0.25 -0.50 085 4.785 -22.5 0.0 180 27 090 1.0 180
00:26:20 -110 16 43 0 -0.09 0.20 -0.32 086 3.306 -35.0 0.0 180 20 090 1.0 180
00:26:30 -110 17 43 0 -0.12 0.08 -0.13 086 1.288 -35.0 0.0 180 19 090 1.0 180
00:26:40 -111 17 48 0 -0.10 -0.02 0.04 086 -0.322 -21.5 0.0 180 29 090 1.0 180
00:26:50 -111 16 49 0 -0.08 -0.05 0.13 086 -1.133 -8.2 0.0 180 25 090 1.0 180
00:27:00 -112 16 49 0 -0.02 -0.07 0.19 086 -1.636 7.3 0.0 180 25 090 1.0 180
00:27:10 -112 16 48 0 0.02 -0.06 0.19 086 -1.557 13.6 0.0 180 27 090 1.0 180
00:27:20 -111 15 49 0 0.05 -0.02 0.20 086 -1.372 7.1 0.0 180 23 090 1.0 180
00:27:30 -111 15 49 0 0.11 0.00 0.23 085 -1.451 5.6 26.0 180 25 090 1.0 180
00:27:40 -110 14 48 0 0.13 0.01 0.25 085 -1.502 9.1 26.0 180 26 090 1.0

P

180
:27:50 -109 14 48 0 0.14 0.02 0.24 085 -1.449 12.8 26.0 180 23 090 1.0 180
:28:00 -109 13 48 0 0.19 0.02 0.22 085 -1.265 14.4 50.0 180 29 090 1.0 180

0:28:10 -107 13 49 0 0.21 0.06 0.19 084 -0.832 15.3 50.0 180 19 090 1.0 180
00:28:20 -106 12 48 0 0.20 0.14 0.16 084 -0.134 13.6 75.0 180 24 090 1.0 180
00:28:30 -105 11 48 0 0.22 0.20 0.15 084 0.377 10.8 75.0 180 24 090 1.0 180
00:28:40 -103 11 49 0 0.40 0.21 0.14 084 0.410 10.1 75.0 180 19 090 1.0 180

....-. —.— --.—, -—- --- --- -=—. .—. - ..- $
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Time Position (m) RPM Speed (Knots) Turn

HH:MM:SS

Rudder Gill Wind Current
East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg

----------------------------------------------------------------------------------------------------------------------------

9
0:28:50

:29:00
0:29;10

00:29:20
00:29:30
00:29:40
00:29:50
00:30:00
00:30:10
00;30:20
00:30:30
00:30:40
00;30:50
00:31:00
00:31:10
00:31:20
00:31:30
00:31:40
00:31;50
00:32:00
00:32:10
00:32:20
00:32:30
00:32:40
00:32:50
00:33:00
00:33:10
00:33:20
00:33:30
00:33:40
00:33:50
00:34:00
00:34:10
00:34:20
00:34:30
00:34:40
00:34:50
00:35:00

h

0:35:10
:35:20

0:35:30
00:35;40
00:35:50

)

-101
-99
-97
-95
-93
-92
-91
-91
-91
-91
-92
-92
-94
-95
-97
-99
-1oo
-101
-102
-102
-102
-102
-101
-101
-1oo
-99
-98
-97
-97
-97
-97
-97
-98
-98
-99
-1oo
-1oo
-101
-101
-102
-103
-104
-105

10
9
8
8
7
6
6
5
4
3
3
2
1
1
0
-1
-2
-2
-3
-4
-5
-6
-7
-8
-9

-lo
-11
-11
-12
-13
-14
-14
-15
-16
-17
-18
-19
-20
-21
-22
-23
-23
-24

48
45
40
34
30
30
30
30
30
30
30
30
30
30
40
41
40
41
40
45
45
45
45
44
44
44
29
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.43
0.43
0.38
0.35
0.29
0.19
0.08
0.02

-0.06
-0.11
-0.12
-0.23
-0.30
-0.35
-0.35
-0.31
-0.21
-0.15
-0.16
-0.04
0.01
0.05
0.02
0.05
0.17
0.20
0.19
0.14
0.08

-0.02
-0.06
-0.12
-0.15
-0.16
-0.12
-0.13
-0.12
-0.13
-0.22
-0.21
-0.22
-0.18
-0.22

0.21
0.21
0.22
0.18
0.06
0.07
0.07
0.08
0.08
0.10
0.09
0.09
0.12
0.18
0.22
0.26
0.29
0.33
0.32
0.23
0.14
0.O6
0.06
0.11
0.06
0.08
0.11
0.12
0.07
0.06
0.07
0.09
0.15
0.23
0.30
0.29
0.23
0.23
0.24
0.18
0.17
0.14
0.13

0.15
0.16
0.17
0.19
0.22
0.22
0.22
0.22
0.21
0.20
0.17
0.12
0.07
0.04
-0.01
-0.04
-0.04
-0.01
0.05
0.14
0.25
0.31
0.32
0.30
0.29
0.24
0.21
0.22
0.22
0.22
0.21
0.20
0.15
0.12
0.09
0.08
0.08
0.08
0.08
0.09
0.10
0.11
0.12

084
085
085
085
085
084
084
084
084
084
084
084
084
084
084
084
085
085
085
085
085
085
085
085
084
084
084
084
084
084
084
083
083
083
084
084
084
084
084
084
085
085
085

0.434
0.351
0.288

-0.059
-1.038
-0.989
-0.978
-0.888
-0.822
-0.591
-0.480
-0.166
0.295
0.867
1.451
1.930
2.125
2.156
1.737
0.585
-0.734
-1.578
-1.651
-1.244
-1.469
-1.065
-0.668
-0.594
-0.943
-0.992
-0.878
-0.662
-0.030
0.700

- 1.313
1.352
0.967
1.009
1.005
0.604
0.437
0.230
0.093

.

9.0
7.6
7.1
7.4
12.7
17.2
22.1
25.2
26.6
26.3
27.4
26.1
24.3
20.8
15.6
8.2
-1.2
-9.3
-12.0
-11.2
-3.0
6.1

12.2
12.5
16.8
18.4
19.5
21.2
26.8
32.1
32.8
33.0
30.1
25.3
19.2
14.3
12.1
9.4
7.3
6.7
5.8
5.5
6.3

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
54.0
52.0
52.0
25.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

18
19
24
24
28
24
22
19
23
27
26
22
27
22
21
26
19
26
22
28
27
20
23
24
22
22
21
18
21
22
29
22
23
22
24
26
25
32
24
26
24
21
17

090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
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Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

.

Start Time [hrs:min:sec]: 00:16:4 C
End Time [hrs:min:sec]: 00:36:0 C
Delta Plot Time [see]: 3(

Date: 04-Feb-99 Time: 11:32:04 I
East-West Scale [m]: 926.
East-West Scale [Nm]: 0.500(



HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 24 Date: 4 February 1999

Start Time: 13:55
Length of run [sees]: 2235

Ship Condition: draft =13.72 m

Environment
Wind Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . . . 25 Direction: 90

Sea State, Significant wave height [m]:.. 5 Direction 270

Current Speed [knots] :. . . . . . . . . . . . . . . . . . . . .. 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]: 2.4

Evaluation:

The approach went well.
Fairly close replay ofrun # 23.
The captain tried to use the thruster at 120 degrees to get the ship to move faster, and it
worked. l%e captain feels the rudder rate is too slow.

0
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Shiphanciling Simulator Exercise date & time: 04-Feb-99
13:55:29

Ship : 591 150,000 ton, Tanker, partial load

Exercise number: 754 Suction Mooring Systsm
-cenario:

k

,112 Opan Ocean
file: 999 Dummy tug file based on containership

affic ships: 590 Suction Mooring BUOY
Initial conditions: 594 150k tanker in partial load - Suction Mooring
Sxercise identification: R4.@ @24

Time Position (m) RPM Speed (Rnots) Turn Rudder Gill Wind Current

HH:NM:SS Eaat North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
--------------------- -------------------------------------------------------------------------------------------------------

00:16:40 -124 -152 76 0 1.77 0.07 -2.91 049 18.932 35.0 99.0
00:16:50

129 32 090 1.0 180
-122 -141 76 0 1.73 0.06 -2.90 052 18.738 35.0 99.0

00:17:00
129 21 090 1.0 180

-119 -130 76 0 1.78 -0.04 -2.88 055 18.005 35.0 99.0
00:17:10

129 29 090 1.0 180
-115 -118 76 0 1.79 0.08 -2.84 058 18.539 35.0 99.0 129 25 090 1.0 180

00:17:20 -111 -108 76 0 1.74 0.27 -2.77, 061 19.299 35.0 99.0 129 22 090 1.0 180
00:17:30 -105 -98 61 0 1.77 0.35 -2.65 065 19.040 35.0 99.0
00:17:40

129 24 090 1.0 180
-99 -90 54 0 1.70 0.25 -2.44 068 17.046 35.0 99.0 129 16 090 1.0 180

00:17:50 -94 -81 29 0 1.58 -0.04 -2.22 070 13.775 35.0 99.0 129 25 090 1.0 180
00:18;00 -88 -73 31 0 1.36 -0.10 -2.02 072 12.171 35.0 99.0 129 26 090 1.0
00:18:10 -84 -67 8 0

180
1.14 0.09 -1.83 074 12.188 35.0 99.0

00:18:20
129 20 090 1.0 180

-79 -61 -47 0 0.96 0.01 -1.65 076 10.526 35.0 99.0
00:18:30

129 23 090 1.0 180
-76 -56 -61 0 0.74 0.02 -1.46 078 9.350 29.9 99.0 129 20 090 1.0

00:18:40
180

-73 -52 -61 0 0.52 0.10 -1.28 079 8.784 10.9 99.0 129 13 090 1.0
00:18:50

180
-72 -49 -30 0 0.31 0.28 -i.13 081 8.968 -8.1

00:19:00
99.0 129 25 090 1.0 180

-71 -47 26 0 0.22 0.29 -0.94 082 7.812 -27.1 99.0 129 23 090 1.0
00:19:10

180
-70 -46 37 0 0.15 0.20 -0.64 083 5.336 -35.0 99.0 176 28 090 1.0 180

00:19:20 -69 -45 37 0 0.14 0.07 -0.36 084 2.762 -35.0 75.0 176 27 090 1.0 180
00:19:30 -69 -44 37 0 0.11 -0.07 -0.12 084 0.338 -35.0 52.0 180 23 090 1.0 180
00:19:40 -68 -44 37 0 0.05 -0.16 0.09 084
00:19:50

-1.579 -35.0 52.0 180 28 090 1.0
-68

180
-44 37 0 0.05 -0.25 0.27 084 -3.351 -23.6 52.0 180 24 090 1.0 180

00:20:00 -68 -44 37 0 0.11 -0.31 0.44 083 -4.767 -35.0 52.0 180 23 090 1.0
00;20:10 -67

180
-44 37 0 0.09 -0.37 0.58 082 -6.037 -16.0 74.0 180 24 090 1.0 180

00:20:20 -67 -45 37 0 0.13 -0.45 0.64 081 -6.900 3.0
00:20:30

74.0
-66

180 26 090 1.0 180
-45 37 0 0.14 -0.46 0.63 080 -6.898 22.0

00:20:40
74.0 180 20 090 1.0

-65
180

-45 37 0 0.06 -0.46 0.56 079 -6.422 35.0 74.0 180 27 090 1.0
00:20:50 -65

180
-45 37 0 -0.01 -0.50 0.48 078 -6.236 35.0 74.0 180 25

00:21:00
090 1.0

-65
180

-45 37 0 -0.11 -0.51 0.40 077 -5.799 35.0 100.0 180 19
00:21:10 -66

090 1.0 180
-45 37 0 -0.11 -0.60 0.34 076 -5.948 35.0 25.0 180 22 090 1.0

h

0:21;20 -67
180

-44 37 0 -0.15 -0.64 0.28 075
:21:30

-5.852 35.0 26.0
-6S -44 37

180 21 090 1.0
0

180
-0.22 -0.40 0.21 074 -3.875 35.0 26.0 180 24 090 1.0 180

:21:40 -69 -44 39 0 -0.21 -0.25 0.14 074 -2.498 35.0
00:21:50

26.0
-70 -44 45

180 25 090 1.0
0

180
-0.14 -0.24 0.04 073 -1.772 35.0 26.0

00:22:00 -71
180 19 090 1.0 180

-43 49 0 -0.09 -0.32 -0.07 073 -1.577 35.0 26.0 180 23
00:22:10

090 1.0
-72

180
-42 49 0 -0.11 -0.13 -0.20 073 0.411 35.0 26.0

00:22:20
180 25 090 1.0

-73
180

-42 48 0 -0.07 -0.08 -0.31 073 1.436 35.0 26.0 180 19 090 1.0
00;22:30 -73

180
-41 48 0 -0.07 -0.07 -0.41 073 2.109 35.0 78.0 180 33 090 1.0

00:22:40 -74
180

-40 45 0 -0.04 -0.06 -0.47 074 2.555 35.0 78.0
00:22:50

180 23 090 1.0
-74

180
-38 45 0 0.01 -0.06 -0.52 074 2.915 35.0 78.0

00:23:00 -75
180 19 090 1.0 180

-37 45 0 0.02 0.08 -0.57 075 4.126 35.0 78.0 180 22
00:23:10

090 1.0
-75

180
-36 44 0 0.02 0.02 -0.60 075 3.930 35.0 78.0 180 19 090 1.0 180

00:23:20 -75 -34 44 0 0.07 0.05 -0.63 076 4.274 35.0
00:23:30

78.0 180 25 090 1.0
-75

180
-33 44 0 0.05 0.01 -0.65 077 4.178 35.0 78.0 180 24 090 1.0

00:23:40 -75
180

-31 45 0 0.01 -0.14 -0.67 077 3.361 35.0
00:23:50

99.0 180 25 090 1.0
-76

180
-28 41 0 -0.07 -0.23 -0.67 078 2.763 35.0 99.0 180 27 090 1.0 180

00:24:00 -77 -26 38 0 -0.17 -0.20 -0.64 ?78 2.817 35.0 99.0 180 25 090 1.0 180
00:24:10 -78 -25 38 0 -0.25 -0.16 -0.67 079 3.260 35.0 99.0 180 21
00:24:20 -80

090 1.0 180
-23 38 0 -0.35 -0.03 -0.74 079 4.471 ‘ 35.0 99.0 180 28 090 1.0 180

00:24:30 -82 -21 38 0 -0.34 0.05 -0.76 080 5.139 18.’9 49.0
00:24:40 -84 -20 38

180 21 090 1.0
0

180
-0.31 0.05 -0.72 081 4.858 3.2

00:24:50
49.0

-86
180 23 090 1.0 180

-18 38 0 -0.38 0.07 -0.63 082
00:25:00

4.467 -9.6 49.0 180 27
-89 -18 42

090 1.0
0 -0.43

180
0.09 -0.51 083 3.804 -20.1 49.0 180 28

00:25:10 -91 -17 45 0 -0.41
090 1.0 180

0.02 -0.34 083 2.310 -26.6 24.0 180 24
00:25:20 -93

090 1.0 180
-16 52 0 -0.30 -0.13 -0.14 083 0.040 -24.5 24.0 180 21 090 1.0 180

00:25:30 -94 -16 52 0 -0.28 -0.18 0.02 083 -1.272 -16.9 24.0 180 19
00:25:40 -96 -16 52 0 -0.17

090 1.0 180
-0.15 0.12 083 -1.686 -5.9 24.0 180 17 090 1.0 180

00:25:50 -96 -16 56 0 -0.05 -0.11 0.15 083 -1.656 11.7 24.0 180 23 090 1.0 180
00:26:00 -96 -16 50 0 0.10 -0.07 0.09 082
00:26:10

-1.044 15.5 24.0
-95 -16 48

180 19 090 1.0
0

180
0.19 -0.16 0.13 082 -1.830 7.2 74.0 180 27 090 1.0 180

00:26:20 -94 -16 47 0 0.22 -0.13 0.14 082 -1.731 10.9 74.0 180 20 090 1.0 180
00:26:30 -93 -16 36 0 0.14 -0.22 0.14 082 -2.266
00:26:40 -93

24.7 100.0
-15 36

180 19 090 1.0
0

180
0.07 -0.25 0.10 081 -2.205 35.0 100.0 180 29

00:26:50 -93 -15 36
090 1.0

0
180

-0.03 -0.23 0.05 081 -1.764 35.0 100.0 180 25 090 1.0 180
00:27:00 -93 -14 36 0 -0.09 -0.22 0.01 081
00:27:10

-1.414 35.0 100.0 180 25 090 1.0
-94 -14 36 0

180
-0.15 -0.24 -0.03 080 -1.332 34.5 100.0 180 27

00:27:20 -95
090 1.0 180

-13 36 0 -0.24 -0.15 -0.08 080 -0.463 15.5 100.0 180 23 090 1.0 180
00:27:30 -96 -13 37 0 -0.27 -0.11 -0.08 080 -0.164 -3.5 100.0 180 25 090 1.0 180
DO:27:40 -98 -13 40 0 -0.36 -0.14 -0.01 080

P

:27:50
-0.797 -22.5 100.0 180 26 090 1.0 180

-1oo -13 54 0 -0.36 -0.29 0.18 080 -2.995 -23.4 25.0 180 23 090 1.0 180
:28:00 -101 -13 58 0 -0.27 -0.41 0.31 079 -4.583 -4.7 25.0 180 29 090 1.0 180

0;28:10 -103 -13 58 0 -0.18 -0.40 0.30 078 -4.424 14.3 25.0 180 19 090 1.0 180
00:28:20 -103 -13 57 0 -0.14 -0.22 0.16 078 -2.448 33.3 25.0 180 24 090 1.0
00:28:30

1.80
-104 -13 58 0 -0.06 0.01 -0.06 078 0.406 35.0 51.0 180 24 090 1.0 180

00:28:40 -104 -13 57 0 0.13 0.11 -0.25 078 2.285 35.0 75.0 180 19 090 1.0 180
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Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current

HH:NN:SS East North Port Stbd Long BOW Stern Heading DeglXin Deg % Deg Knots Deg Knots Deg
------------------ ----------------------------------------------------------------------------------------------------------

h

0:28:50 -103 -12 58 0 0.22 0.20 -0.43 078 4.008 35.0 52.0 180 18 090 1.0 180
:29:00 -102 -11 57 0 0.30 0.29 -0.58 079 5.506 35.0 52.0 180 19 090 1.0 180
:29:10 -1oo -lo 57 0 0.33 0.40 -0.70 080 6.997 35.0 98.0 180 24 090 1.0 180

00:29:20 -99 -9 38 0 0.31 0.39 -0.70 081 6.917 35.0 98.0 180 24 090 1.0 180
00:29:30 -97 -8 39 0 0.27 0.22 -0.66 082 5.587 26.9 98.0 180 28 090 1.0 180
00;29 :40 -96 -7 39 0 0.19 0.21 -0.58 083 5.003 7.9 98.0 180 24

00:29:50

090 1.0 180
-96 -6 40 0 0.14 0.15 -0.42 084 3.609 -11.1 74.0 180 22 090 1.0 180

00:30:00 -95 -5 40 0 0.12 0.05 -0.20 085 1.619 -30.1 99.0 180 19 090 1.0 180
00:30:10 -95 -5 40 0 0.06 -0.07 0.03 085 -0.603 -24.9 99.0 180 23 090 1.0 180
00:30:20 -95 -5 40 0 0.03 -0.11 0.17 084 -1.775 -5.9 99.0
00:30:30

180 27
-94

090 1.0 180
-5 40 0 -0.01 -0.15 0.22 084 -2.377 13.1 99.0

00:30:40
180 26 090 1.0

-95
180

-5 40 0 -0.12 -0.17 0.23 084 -2.547 30.8 99.0
00:30:50

180 22 090 1.0
-96

180
-5 40 0 -0.21 -0.09 0.14 083 -1.461 21.0 99.0 180 27 090 1.0 180

00:31:00 -97 -6 39 0 -0.24 -0.01 0.06 083 -0.460 18.1 28.0 180 22 090 1.0 180
00:31:10 -98 -6 39 0 -0.23 0.05 0.01 083 0.296 14.3 15.0 180 21
00:31:20 -99

090 1.0 180
-6 40 0 -0.19 0.11 ‘ -0.05 083 1.013 23.7

00:31:30
15.0

-1oo
180 26 090 1.0 180

-6 40 0 -0.10 0.18 -0.10 083 1.806 9.6 15.0 180 19 090 1.0 180
00:31:40 -1oo -7 40 0 -0.06 0.21 -0.03 084 1.527 5.2 74.0 180 26 090 1.0 180
00:31:50 -1oo -7 40 0 -0.09 0.20 0.02 084 1.161 8.9 49.0 180 22 090 1.0
00:32:00

180
-101 -8 40 0 0.00 0.16 0.04 084 0.746 24.6 49.0 180 28 090 1.0

00:32:10
180

-1oo -8 40 0 0.00 0.13 0.02 084 0.676 21.0 75.0 180 27 090 1.0
00:32:20

180
-1oo -9 39 0 -0.01 0.08 0.02 084 0.400 20.7 52.0 180 20 090 1.0

00:32:30
180

-101 -9 39 0 -0.07 0.09 0.01 084 0.514 21.6 37.0 180 23
00:32:40

090 1.0 180
-101 -9 40 0 -0.06 0.15 0.01 085 0.885

00:32:50
16.5 25.0

-101
180 24 090 1.0 180

-lo 40 0 0.03 0.08 0.03 085 0.339 17.7 19.0 180 22
00:33:00 -101

090 1.0 180
-lo 40 0 0.05 0.08 0.05 085 0.204 6.3 0.0 180 22 090 1.0

00:33:10
180

-101 -lo 40 0 0.03 0.05 0.13 085 -0.563 -5.4 0.0 180 21
00:33:20 -1oo

090 1.0 180
-11 40 0 0.03 0.03 0.21 085 -1.135

00:33:30
1.5 0.0 180 18 090 1.0

-1oo
180

-11 40 0 0.02 -0.03 0.24 084 -1.734 13.4 0.0
00:33;40

180 21 090 1.0 180
-1oo -12 40 0 -0.03 -0.03 0.23 084 -1.657 18.7 0.0 180 22 090 1.0

00:33:50
180

-1oo -13 39 0 -0.02 0.00 0.21 084 -1.383 19.8 0.0 180 29 090 1.0
00:34:00 -1oo

180
-13 40 0 -0.04 0.03 0.19 084 -1.052

00:34:10
19.2 0.0 180 22 090 1.0

-1oo
180

-14 40 0 -0.03 0.08 0.18 083 -0.659
00:34:20

17.4 0.0 180 23 090 1.0 180
-1oo -14 40 0 0.01 0.14 0.17 083 -0.213

00:34:30 -100
14.1 0.0 180 22 090 1.0 180

-15 40 0 0.10 0.20 0.18 083 0.128
00:34:40 -99

11.7 0.0
-16 40

180 24 090 1.0
0

180
0.14 0.18 0.19 083 -0.045 12.0 0.0 180 26

00:34:50 -98
090 1.0 180

-17 40 0 0.19 0.11 0.19 083 -0.501
00:35:00 -97

15.4 0.0 180 25 090 1.0 180
-18 40 0 0.21 0.12 0.17 083 -0.345 16.2 0.0

t

180 32 090 1.0 180
:35:10 -96 -18 39 0 0.17 0.13 0.16 083 -0.205 16.2 0.0 180 24 090 1.0 180
:35:20 -95 -19 40 0 0.22 0.08 0.15 083 -0.462 18.5 0.0 180 26 090 1.0
:35:30 -94

180
-19 40 0 0.25 0.07 0.13 083 -0.350 19.0 . 0.0

00:35:40 -92
180 24 090 1.0 180

-20 40 0 0.33 0.06 0.11 083 -0.269 18.9 0.0
00:35:50 -90

180 21 090 1.0 180
-20 40 0 0.33 0.07 0.08 083 -0.088 19.5 0.0 180 17 090 1.0

00:36:00 -89
180

-20 40 0 0.28 0.14 0.06 083 0.498 16.6 0.0
00:36:10 -87

180 19 090 1.0 180
-20 40 0 0.34 0.08 0.06 083 0.150 16.3 0.0

00:36:20
180 23 090 1.0

-85
180

-20 40 0 0.35 0.03 0.05 083 -0.138 17.9 0.0 180 25
00:36:30

090 1.0
-84

180
-20 39 0 0.28 -0.01 0.04 083 -0.298 19.3 0.0 180 21 090 1.0

00:36:40 -83
180

-20 40 0 0.20 0.06 0.03 083 0.211 16.9 0.0
00:36:50 -82 -20 40

180 22 090 1.0
0

180
0.22 0.10 0.03 083 0.434

00:37:00 -80
14.7 0.0 180 21 090 1.0 180

-21 40 0 0.24 0.12 0.03 083 0.536
00:37:10 -79

13.2 0.0 180 18 090 1.0 180
-21 40 0 0.28 0.16 0.05 083 0.708 10.8 0.0 180 26 090 1.0 180

B

, .-—
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Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Start Time [hrs:min:sec]: 00:16:40
End Time [hrs:min:sec]: 00:37:15
Delta Plot Time [see]: 30

Date: 04-Feb-99 Time: 13:55:29 I
East-West Scale [m]: 926.
East-West Scale [Nm]: 0.5000
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HANDS-ON SIMULATION

●

SUCTION MOORNG TECHNOLOGY

Simulation Number: 25 Date: 4 February 1999
Start Time: 14:49
Length of run [sees]: 3465

Ship Condition: draft =13.72 m

Environment
Wind Speed ~ots]: . .. . . . . . . . . . . . . . . . . . . . . . 25 Direction: 90

Sea State, Significant wave height [m]:.. 5 Direction: 270

Current Speed [bets] :. . . . . . . . . . . . . . . . . . . . .. 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]: 1.8
/

Evaluation:

The approach was similar to the previous run # 24.
When the captain was 400 mfiom the buoy, he backed down, reversed RPMand killed
most of the speed. Then he used the thruster at 120 degrees to bring the bow around
more quickly. First equilibrium – he tried 070 degrees and it was not an equilibrium
heading. With a heading of 055 degrees he was able to close sidewise to the buoy. A~er
that it was maneuvering between 060 and 0.70 degrees heading to play back andforth
over the buoy. Higher rudder rate and lift would help.
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Shiphandling Simulator Sxercise date & time: 04-Feb-99
14:49:56

Ship: 591 150,000 ton, Tanker. partial load

Sxercise number: 754 Suction Mooring System

P

enario: .112 Open Ocean
g file; 999 DwmnY tu9 file based on containership
raffic ships: 590 Suction Mooring Buoy
Initial conditions: 594 150k tanker ~n partial load - Suction Mooring
Exercise identification: FhLn&25

Time Position (m) RP14 Speed (Knots) Turn Rudder Gill Nind

HH:NM:SS
Current

East North Port Stbd Long Bow Stem Heading DeglMin Deg % Deg Knots Deg Knots Dag
----------------------------------------------------------------------------------- -----------------------------------------

00:33:20
00:33;30
00:33:40
00:33;50
00:34:00
00:34:10
00:34:20
00:34:30
00:34:40
00:34:50
00:35:00
00:35:10
00:35:20
00:35:30
00:35:40
00:35:50
00:36:00
00:36:10
00:36:20
00:36:30
00:36;40
00:36:50
00:37:00
00:37:10
00:37:20
00:37:30
00:37:40
00:37:50

1!

0:38:00
:38:10

0:38:20
00:38:30
00;38:40
00:38:50
00:39:00
00:39:10
00:39:20
00:39;30
00:39:40
00;39:50
00:40:00
00;40:10
00:40:20
00:40:30
00:40:40
00:40:50
00:41:00
00:41:10
00:41:20
00:41:30
00:41:40
00:41:50
00:42:00
00;42:10
00:42:20
00:42:30
00:42:40
00:42:50
00:43:00
00:43:10
00:43:20
00:43:30
00:43:40
00:43:50
00:44:00
00:44:10
00:44:20

k

:44:30
:44:40

00:44:50
00:45:00
00:45:10
00:45:20

-75
-76
-77
-79
-80
-82
-82
-82
-81
-81
-80
-80
-80
-80
-80
-80
-81
-81
-82
-83
-85
-07
-88
-88
-89
-88
-87
-86
-85
-84
-a2
-81
-7’9
-78
-77
-77
-78
-79
-81
-83
-85
-87
-88
-90
-92
-94
-96
-98
-99

-101
-102
-104
-105
-107
-109
-111
-112
-112
-112
-112
-110
-109
-106
-103
-99
-96
-92
-89
-86
-84
-82
-81
-80

-102
-1oo
-98
-96
-94
-93
-93
-93
-93
-92
-91
-91
-89
-88
-86
-83
-82
-80
-78
-75
-73
-71
-70
-69
-68
-67
-66
-66
-65
-64
-63
-62
-61
-60
-59
-57
-55
-54
-53
-51
-51
-51
-52
-53
-53
-53
-53
-52
-52
-52
-50
-49
-47
-45
-43
-40
-37
-35
-34
-33
-31
-30
-30
-30
-29
-29
-30
-30
-30
-31
-30
-30
-30

39
39
39
39
39
39
39
42
42
42
41
42
42
42
41
42
42
42
42
42
42
41
48
49
50
50
50
49
50
49
49
43
38
30
30
30
30
36
36
36
36
36
36
36
36
38
44
44
45
46
48
50
53
53
59
58
62
61
61
62
62
60
60
59
30
30
30
25
25
25
25
25
25

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.08
0.04

-0.02
-0.03
-0.05
-0.04
-0.01

, 0.06
0.10
0.16
0.18
0.15
0.18
0.20
0.24
0.18
0.09
0.11
0.11
0.04

-0.03
-0.01
-0.01
0.05
0.11
0.17
0.20
0.27
0.30
0.34
0.38
0.35
0.36
0.30
0.25
0.16

-0.01
-0.10
-0.14
-0.18
-0.29
-0.32
-0.31
-0.29
-0.31
-0.31
-0.29
-0.24
-0.20
-0.12
-0.06
-0.08
-0.04
-0.04
-0.02
0.04
0.07
0.11
0.18
0.32
0.36
0.43
0.50
0.64
0.66
0.60
0.57
0.57
0.46
0.37
0.29
0.12
0.01

-0.20
-0.41
-0.43
-0.36
-0.27
-0.11
0.11
0.24
0.08

-0.26
-0.22
-0.19
-0.41
-0.42
-0.45
-0.43
-0.13
-0.38
-0.59
-0.71
-0.38
-0.18
-0.03
0.21
0.45
0.54
0.29
0.16
0.02
-0.43
-0.57
-0.32
-0.37
-0.49
-0.70
-0.84
-0.70
-0.73
-0.66
-0.62
-0.26
0.08
0.15
0.01
-0.18
0.02
-0.11
-0.10
0.15
0.05

-0.21
-0.15
-0.18
-0.27
-0.45
-0.33
0.15
0.45
0.60
0.57
0.52
0.45
0.37
0.27
0.01
0.25
0.30
0.18
0.09
-0.04
-0.29
-0.36
-0.28

“-0.59
-0.58
-0.56
-0.52
-0.47
-0.38
-0.24
-0.04
0.09
0.08
0.03

.-0.01
-0.09
-0.17
-0.26
-0.34
-0.37
-0.39
-0.45
-0.52
-0.55
-0.58
-0.61
-0.65
-0.68
-0.59
-0.41
-0.14
0.08
0.26
0.47
0.52
0.46
0.33
0.21
0.10
0.02
-0.06
-0.14
-0.22
-0.25
-0.26
-0.29
-0.34
-0.39
-0.40
-0.46
-0.50
-0.52
-0.57
-0.64
-0.70
-0.75
-0.82
-0.89
-0.95
-1.00
-1.01
-1.01
-0.88
-0.63
-0.35
-0.04
0.24
0.39
0.41
0.45
0.47
0.47
0.45
0.41
0.38
0.36

053
054
054
054
054
054
055
055
055
055
055
054
054
054
054
053
053
054
054
053
053
054
054
055
056
057
058
059
059
058
057
056
056
055
054
053
052
051
051
050
050
050
050
051
.051
052
052
052
053
054
054
055
055
056
056
057
058
059
061
063
064
065
066
066
066
065
065
065
065
064
063
063
062

2.462
1.110
0.804
1.027
1.278
1.715
2.175
1.771
-0.045
-2.135
-1.598
-1.104
-2.047
-1.589
-1.226
-0.544
1.520
0.063
-0.912
-1.197
1.071
2.528
3.652
5.503
7.160
7.177
4.394
1.886
-0.399
-4.377
-6.601
-5.346
-5.237
-5.221
-5.756
-5.966
-4.570
-4.276
-3.288
-2.50S
-0.054
2.150
2.813
2.215
1.343
2.675
2.201
2.542
4.278
3.958
2.778
3.478
3.627
3.495
2.753
3.932
7.253
9.296
10.225
9.227
7.303
5.111
2.654
0.138
-2.380
-1.031
-0.936
-1.811
-2.413
-3.150
-4.472
-4.687
-4.079

25.6 51.0
24.2 51.0
22.9 51.0
19.2 27.0
14.5 0.0
6.0 0.0

-12.0 0.0
-21.6 0.0
-2.6. 0.0
16.3 0.0
17.7 24.0
19.1 51.0
24.7 51.0
27.8 51.0
29.8 100.0
31.4 100.0
21.5 100.0
24.4 51.0
28.5 51.0
35.0 51.0
35.0 23.0
35.0 0.0
35.0 0.0
35.0 0.0
29.3 0.0
10.3 24.0
-8.7 24.0

-20.3 24.0
-13.4 76.0
-26.9 76.0
-16.4 76.0

2.6 100.0
21.6 100.0
35.0 100.0
35.0 100.0
35.0 100.0
35.0 100.0
35.0 100.0
35.0 100.0
35.0 100.0
35.0 100.0
35.0 100.0
35.0 0.0
35.0 0.0
35.0 0.0
35.0 0.0
35.0 0.0
35.0 0.0
35.0 0.0
35.0 0.0
35.0 0.0
35.0 0.0
35.0 0.0
35.0 0.0
35.0 0.0
35.0 0.0
35.0 49.0
35.0 49.0
32.9 49.0
14.9 49.0
-2.5 49.0
-2.8 49.0

-15.6 49.0
-15.0 77.0
-6.2 99.0
-2.7 99.0
-0.8 99.0
4.9 99.0

13.1 99.0
24.8 99.0
35.0 99.0
35.0 99.0
35.0 99.0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
160
136
136
180
180
180
180
130
130
160
160
160
160
160

18
21
22
29
22
23
22
24
26
25
32
24
26
24
21
17
19
23
25
21
22
21
18
26
25
28
21
26
28
24
26
23
22
21
23
24
24
20
29
23
21
20
20
24
24
29
22
20
18
24
25
24
27
28
23
27
26
20
25
20
28
20
17
24
19
22
24
21
20
25
27
32
25

090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090
090

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
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.. n.-. .9g.ascII l-age L

Time Position (m) RPM Speed (Knots)
fiH:MM:SS

Turn Rudder Gill Wind Current
East North Port Stbd Long Bow Stern Heading DegfMin Deg % Deg Knots Deg Rnots Deg

-------------------------- --------------------------------------------------------------------------------------- -----------

00:45:30 -80 -31 25 0 -0.09

h

-0.02 0.35 061 -2.355 35.0 99.0 160 25 090 2.0 180
):45:40 -80 -32 34 0 -0.15 -0.04 0.32 061 -2.334 35.0 99.0 140 24 090 2.0 180
:45:50 -81 -33 35 0 -0.18 -0.08 0.29 061 -2.342 35.0 99.0

00:46:00
131 22 090 2.0 180

-81 -34 35 0 -0.24 0.13 0.26 060 -0.792 35.0 99.0 131 22 090 2.0
-$2

180
00:46:10 -36 35 0 -0.31 0.36 0.24 060 0.818 35.0
00:46:20

99.0 131 26 090 2.0 180
-83 -38 35 0 -0.40 0.28 0.21

00:46;30
060 0.438 35.0 99.0 131 25 090 2.0 180

-84 -40 35 0 -0.39 0.14 0.20 060 -0.394 35.0 74.0 131 19 090 2.0 180
00:46:40 -85 -41 35 0 -0.42 0.24 0.19 060 0.347 35.0 74.0
00:46:50

131 28 090 2.0 180
-87 -44 35 0 -0.43 0.38 0.18 061 1.306 35.0 74.0

00:47:00
131 20 090 2.0 180

-88 -46 35 0 -0.45 0.48 0.17 061 1.972 35.0 74.0 131 21
00:47:10

090 2.0
-89

180
-49 39 0 -0.40 0.67 0.18 061 3.137 35.0 74.0 131 19 090 2.0 180

00:47:20 -90 -51 55 0 -0.30 0.37 0.09 062 1.776 35.0 74.0 161 19 090 2.0 180
00:47:30 -90 -53 56 0 -0.25 0.32 -0.05 062 2.352 35.0 74.0 236 28
00:47:40 -91 -54 57 0

090 2.0 180
-0.26 0.23 -0.17 062 2.531 34.0 74.0 236 25 090 2.0 180

00;47:50 -92 -54 5’7 0 -0.17 0.10 -0.24 063 2.147 25.1 49.0 236 24 090 2.0 180
00:48;00 -93 -54 58 0 -0.12 -0.04 -0.24 063 1.298 24.8 49.0 236 28 090 2.0 180
00:48:10 -94 -54 55 0 -0.09 -0.06 -0.25 063 1.206 22.0 49.0 226 19 090 2.0 180
00:48:20 -95 -53 55 0 0.00 -0.02 -0.20 064 1.130 14.6 49.0 180 20 090 2.0 180
00:48;30 -95 -53 55 0 0.06 0.04 -0.09 064 0.836 8.4 49.0 180 29 090 2.0
00:48:40 -94

180
-52 55 0 0.12 0.04 -0.05 064 0.559 15.8 49.0 180 20 090 2.0 180

00:48:50 -94 -52 56 0 0.15 0.20 0.00 064 1.245 10.2 49.0 208 26 090 2.0 180
00:49:00 -93 -52 53 0 0.22 0.20 0.06 064 0.901 10.9 49.0 208 20 090 2.0 180
00:49:10 -91 -52 42 0 0.23 0.01 0.10 064 -0.542 16.5 49.0 208 24 090 2.0
00:49:20 -90 -52 41 0

180
0.20 -0.05 0.09 064 -0.857 22.2 75.0 208 26 090 2.0

00:49:30 -89 -52 42 0
180

0.15 0.29 0.10 064 1.155 11.5 100.0 208 24
00:49:40

090 2.0
-88

180
-53 42 0 0.12 0.44 0.16 064 1.756 5.3 100.0 239 26

00:49:50 -87 -54 41 0
090 2.0 180

0.21 0.26 0.22 065 0.279 7.3 100.0 239 25 090 2.0
00;50:00 -85

180
-54 38 0 0.23 0.24 0.25 065 -0.054 8.7 100.0 239 22

00;50:10
090 2.0

-83
180

-55 38 0 0.24 0.27 0.28 065 -0.055 4.7 100.0 207 22 090 2.0
00;50:20 -82

180
-56 38 0 0.19 0.08 0.36 064 -1.780 -14.3 100.0 207 29 090 2.0

00:50:30 -81
180

-57 38 0 0.11 -0.07 0.52 064 -3.708 -33.3 100.0 207 21
00;50:40 -80

090 2.0 180
-57 35 0 0.10 -0.54 0.65 063 -7.538 -16.3 100.0 207 23

00:50:50 -79 -57 35 0
090 2.0 180

0.06 -0.68 0.71 062 -8.818
00;51:00

2.7 100.0 207 25
-79 -57 35 0

090 2.0 180
-0.05 -0.74 0.69 060 -9.074 21.7 100.0

00;51:10 -80
207 24 090 2.0 180

-57 35 0 -0.11 -0.63 0.63 059 -7.954 35.0 100.0 207 22
00;51:20

090 2.0
-80

180
-57 35 0 -0.10 -0.49 0.54 0s7

00:51:30
-6.561 35.0 53.0

-81
179 20 090 2.0 180

-58 36 0 -0.13 -0.50 0.46 056
00:51:40

-6.085 35.0 53.0 179 15 090 2.0
-81 -58 42 0

180
-0.14 -0.53 0.33 0s5

k

-5.515 35.0 53.0 179 21 090 2.0
0;51:50 -82 -58 36 0

180
-0.16

:52:00
-0.44 0.22 055 -4.205 35.0 25.0 179 20 090 2.0

-84 -58 36 0
180

-0.18 -0.48 0.14 054
:52:10

-3.906 27.0 25.0 179 24 090 2.0
-85

180
-58 44 0 -0.23 -0.47 0.12 053 -3.749 8.0 25.0 179 34 090 2.0

00:52:20 -86
180

-58 45 0 -0.20 -0.32 0.21 053 -3.377 -11.0 25.0 125 19 090 2.0
00:52:30 -87

180
-58 45 0 -0.13 -0.23 0.33 052

00:52:40
-3.587 -4.3 2.5.0

-87
125 25 090 2.0 180

-59 45 0 -0.04 -0.37 0.32 051 -4.354 14.7 25.0 125 25 090 2.0
00:52;50 -87

180
-59 45 0 0.00 -0.07 0.22 051

00:53:00
-1.847 33.7 25.0 125 23 090 2.0

-87
180

-59 44 0 0.02 0.31 0.08 051 1.473 35.0 16.0 146 28
00:53:10 -86

090 2.0 180
-60 44 0 0.11 0.08 -0.10 051 1.136 35.0 16.0 146 26 090 2.0

00:53:20 -86
180

-59 45 0 0.13 -0.28 -0.28 051 0.029 35.0 16.0
00:53:30 -87

146 26 090 2.0 180
-57 45 0 0.14 -0.39 -0.43 051 0.262 35.0 50.0 146 27 090 2.0

00:53:40 -87
180

-55 45 0 0.14 -0.35 -0.54 051 1.155 35.0 50.0
00:53:50 -88 -53 43

121 21 090 2.0
0

180
0.10 -0.15 -0.60 052 2.867

00:54:00
35.0 50.0 121 23

-89
090 2.0 180

-51 43 0 0.13 -0.36 -0.68 052
00:54:10

2.044 35.0 50.0 121 23 090 2.0
-90

180
-48 43 0 0.18 -0.27 -0.73 053 2.921 35.0 50.0 121 14 090 2.0

00:54:20 -91
180

-45 38 0 0.15 -0.18 -0.74 053 3.554
00:54:30

35.0 50.0 121 22 090 2.0
-92

180
-43 38 0 0.08 -0.20 -0.75 ,054 3.462 35.0 50.0 136 22

00:54:40
090 2.0

-93
180

-41 38 0 0.05 -0.16 -0.74 054 3.685 35.0 50.0 137 22 090 2.0
00:54;50 -94

180
-39 38 0 0.00 -0.18 -0.73 055 3.454 35.0 50.0 137 21

00:55:00
090 2.0

-96
180

-37 38 0 -0.04 -0.23 -0.71 055 3.028 35.0 50.0
00:55:10 -97 -35 38

137 24
0

090 2.0 180
-0.11 -0.11 -0.67 056 3.564 35.0 75.0 116 22

00:55:20 -99
090 2.0 180

-35 38 0 -0.11 0.26 -0.61 057 5.511 35.0 99.0 088 26
00:55:30

090 2.0
-99

180
-34 38 0 -0.10 0.49 -0.55 058 6.554 35.0 99.0 088 27 090 2.0

00:55;40 -1oo
180

-35 38 0 -0.08 0.64 -0.49 059 7.162
00:55:50

35.0 99.0 088 23 090 2.0
-1oo

180
-36 41 0 -0.05 0.84 -0.42 060 7.997

00:56:00
35.0 99.0 088 26 090 2.0

-99
180

-36 40 0 0.02 0.64 -0.38 061 6.501
DO:56:1O

35.0 77.0 088 16
-99

090 2.0 180
-37 41 0 0.03 0.47 -0.36 062 5.274

00:56:20
35.0 77.0 089 26 090 2.0

-99
180

-37 40 0 -0.04 0.57 -0.33 063 5.747 35.0 77.0 089 29 090 2.0
DO:56:30 -99

180
-38 42 0 0.00 0.54 -0.30 064

00:56:40
5.374 35.0 77.0 089 23 090 2.0

-98
180

-38 44 0 0.06 0.44 -0.29 065 4.650 35.0 77.0 089 26 090 2.0
DO:56:50 -98

180
-38 44 0 0.08 0.32 -0.29 066 3.861 35.0 26.0 089 24 090 2.0

00:57:00 -97
180

-38 36 0 0.09 0.37 -0.26 066 4.010 35.0 26.0 109 17 090 2.0
20:57:10 -97

180
-39 36

0. 0.05 0.60 -0.22 067 5.205 35.0 26.0 089 24 090 2.0
30:57:20 -96

180
-39 36 0 0.05 0.39 -0.16 068 3.506

00:57:30
23.3 26.0 059 21 090 2.0

-96
180

-39 36 0 0.04 0.15 -0.07 068 1.382 20.1 26.0 059 24
90:57:40

090 2.0
-96

180
-40 36 0 0.01 0.14 -0.01 068 0.949 27.1 26.0 059 28 090 2.0 180
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● Simulation Track Pl,ot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Date: 04-Feb-99 Time: 14:49:56
I

Start Time [hrs:min:sec]: 00:33:2
End Time [hrs:min:sec]: 00:57:4
Delta Plot Time [see]: 3
East-West Scale [m]: 926
East-West Scale [Nm]: 0.500

..—— .—— .-. ——



●

HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 26 Date: 4 February 1999

Start Time: 16:29
Length of run [sees]: 3912

Ship Condition: draft =13.72 m

Environment
Wind Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . . . 25 Direction: 90

Sea State, Significant wave height [m]:.. 5 Direction: 270

Current Speed [knots] :. . . . . . . . . . . . . . . . . . . . .. 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]: 1.5

Evaluation:

The approach was okay.
The$nalpositioning and mating took a long time maneuvering over the buoy. A reason

for this may be foundprimarily in slow rudder response. There was also problems in
keeping an equilibrium speed of zero knots due to the randomness of the wind and waves.
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Shiphandling Simulator Sxercise date & time: 04-Feb-99
16:29:29

ship: 591 150,000 ton, Tanker, partial load
Exercise number: 754 Suetion Mooring System

@

.enario: ,112 Open Ocean
file: 999 DununY tug file based on containership

affic ships: 590 Suction Mooring BUOY
Initial conditions: 594 150k tanker in partial load - Suction Mooring
Sxercise identification: RUb&26

Time Position (m) RPM speed (Knots) Turn Rudder Gill Wind CurrenC

HH:MM:SS East North Port Stbd Long Bow Stern Heading DeglMin Deg % Deg Xnots Deg Knots Deg
------------------------------------------------------------------------------------------------- ---------------- -----------

00:41:40 -80 -44 40 0 0.51 -0.14 0.30 063 -2.768 11.4 96.0 180 25 090 2.0 180
00:41:50 -78 -43 33 0 0.39 -0.12 0.28 062 -2.529 20.5 96.0 180 24 090 2.0 180
00:42:00 -76 -42 30 0 0.31 -0.18 0.24 062 -2.671 30.8 96.0 180 27 090 2.0 180
00:42:10 -75 -42 25 0 0.19 -0.31 0.19 061 -3.190 35.0 96.0 180 28
00:42:20

090 2.0 180
-75 -41 25 0 0.07 -0.54 0.17 061 -4.525 35.0 96.0 180 23 090 2.0 180

00:42:30 -75 -40 25 0 -0.01 -0.53 0.16 060 -4.352 35.0 96.0 180 27 090 2.0 180
00:42:40 -76 -40 25 0 -0.14 -0.18 0.16 059 -2.144 31.7 96.0 180 26 090 2.0 180
00:42:50 -76 -40 25 0 -0.24 0.00 0.18 059 -1.173 20.3 96.0 180 20 090 2.0 180
00:43:00 -77 -42 25 0 -0.30 0.04 0.20 059 -1.027 35.0 96.0 180 25 090 2.0 180
00:43:10 -78 -43 25 0 -0.30 -0.03 0.20 059 -1.408 35.0 51.0 180 20 090 2.0 180
00:43:20 -80 -44 25 0 -0.39 -0.02 0.20 059 -1.378 35.0 51.0 180 28 090 2.0 180
00:43:30 -81 -46 25 0 -0,46 -0.01 0.21 058 -1.345 35.0 29.0 180 20 090 2.0 180
00:43:40 -83 -47 25 0 -0.50 0.03 0.22 058 -1.214 35.0 29.0 180 17 090 2.0 180
00:43:50 -85 -49 25 0 -0.47 0.04 0.23 058 -1.203 35.0 29.0 180 24 090 2.0 180
00:44:00 -87 -51 25 0 -0.48 -0.23 0.23 058 -2.902 35.0 29.0 180 19 090 2.0 180
00:44:10 -89 -53 27 0 -0.48 0.02 0.24 057 -1.405 35.0 0.0 180 22 090 2.0 180
00:44:20 -90 -55 44 0 -0.45 0.06 0.20 057 -0.853 35.0 0.0 180 24 090 2.0 180
00;44:30 -92 -56 58 0 -0.34 -0.06 0.05 057 -0.694 35.0 0.0 180 21 090 2.0 180
00:44:40 -93 -57 59 0 -0.27 -0.10 -0.15 057 0.315 35.0 0.0 180 20 090 2.0 180
00:44:50 -95 -56 55 0 -0.21 -0.19 -0.29 057 0.638 35.0 0.0 180 25 090 2.0 180
00:45:00 -96 -55 56 0 -0.14 -0.43 -0.43 057 0.006 35.0 0.0 180 27 090 2.0 180
00:45:10 -98 -54 62 0 -0.13 -0.43 -0.58 057 0.938 35.0 0.0 180 32 090 2.0 180
00:45:20 -1oo -52 64 0 -0.07 -0.23 -0.71 057 3.068 35.0 0.0 180 25 090 2.0 180
00:45:30 -101 -50 64 0 0.01 0.17 -0.82 058 6.271 35.0 0.0 180 25
00:45:40 -102

090 2.0 180
-49 56 0 0.12 0.23 -0.86 059 6.966 24.8 0.0 180 24 090 2.0

00;45:50
180

-102 -47 48 0 0.16 0.13 -0.73 060 5.466 11.7 0.0 180 22 090 2.0 180
00:46:00 -102 -46 48 0 0.18 0.25 -0.52 061 4.884 -5.9 0.0 180 22 090 2.0 180
00;46 :10 -101 -45 48 0 0.19 0.32 -0.23 062 3.491 -19.4 0.0 180 26

h

0:46:20 -1oo
090 2.0 180

-45 49 0 0.19 0.11 0.00 062 0.684 -8.4 0.0 180 25 090 2.0 180
;46:30 -99 -44 49 0 0.29 -0.09 0.13 062 -1.371 3.9 0.0 180 19 090 2.0
:46:40 -97

180
-44 43 0 0.33 0.04 0.13 062 -0.584 21.4 0.0 180 28 090 2.0 180

00;46:50 -96 -44 42 0 0.35 0.21 0.11 062 0.623 16.7 51.0 180 20 090 2.0 180
00:47:00 -94 -44 39 0 0.35 0.32 0.12 062 1.287 12.2 51.0 180 21
00:47:10

090 2.0
-91

180
-44 39 0 0.42 0.50 0.16 062 2.119 5.3 51.0 180 19

00:47:20 -88
090 2.0 180

-44 39 0 0.49 0.14 0.20 063 -0.355 7.4 99.0 180 19
00:47:30 -86

090 2.0 180
-44 33 0 0.42 0.05 0.20 062 -0.954 12.1 99.0 180 28

00:47:40
090 2.0

-84
180

-43 33 0 0.30 -0.08 0.20 062 -1.756 19.6 99.0 180 25 090 2.0
00:47:50 -83

180
-43 33 0 0.24 -0.21 0.17 062 -2.416 31.3 99.0 180 24 090 2.0 180

00:48:00 -82 -42 33 0 0.15 -0.33 0.12 061 -2.829 35.0 97.0 180 28
00:48:10 -82

090 2.0 180
-41 33 0 0.05 -0.34 0.08” 061 -2.677 35.0 97.0 180 19 090 2.0 180

00:48:20 -82 -40 33 0 0.00 -0.28 0.O6 061 -2.096 35.0 97.0 180 20 090 2.0 180
00:48:30 -83 -40 33 0 -0.07 -0.15 0.03 060 -1.154 35.0 97.0 180 29
00:48:40 -83

090 2.0 180
-40 33 0 -0.15 -0.13 0.01 060 -0.950 35.0 97.0 180 20 090 2.0 180

00:48:50 -84 -41 33 0 -0.24 0.05 0.01 060 0.257 35.0 76.0 180 26
00:49:00 -85

090 2.0 180
-41 38 0 -0.26 0.08 0.00 ,060 0.466 35.0 51.0 180 20

00:49:10 -86
090 2.0 180

-42 38 0 -0.28 -0.11 -0.03 060 -0.521 35.0 51.0 180 24
00:49:20 -88

090 2.0 180
-42 39 0 -0.33 -0.18 -0.05 060 -0.815 35.0 51.0 180 26

00:49:30 -90
090 2.0 180

-43 39 0 -0.35 0.21 -0.05 060 1.697 35.0 26.0 180 24
00;49:40

090 2.0
-91

180
-45 39 0 -0.35 0.45 -0.06 061 3.235 35.0 0.0 180 26

00:49:50 -92
090 2.0 180

-46 39 0 -0.25 0.33 -0.05 061 2.410 26.1 0.0 180 25 090 2.0 180
00:50:00 -92 -47 40 0 -0.20 0.34 -0.02 061 2.245 19.1 0.0 180 22
00:50:10 -93

090 2.0 180
-49 50 0 -0.11 0.38 0.04 062 2.189 11.5 0.0 180 22 090 2.0 180

00;50:20 -93 -50 49 0 -0.06 0.18 0.15 062 0.204 -1.1 60.0 180 29 090 2.0 180
00;50:30 -92 -51 50 0 -0.05 0.07 0.23 062 -1.028 8.4 22.0 180 21 090 2.0 180
00:50:40 -92 -51 50 0 0.05 -0.31 0.21 062 -3.304 27.4 22.0 180 23 090 2.0 180
00:50:50 -92 -50 50 0 0.09 -0.33 0.08 061 -2.608 35.0 22.0 180 25 090 2.0 180
00:51:00 -92 -50 49 0 0.06 -0.29 -0.04 061 -1.547 34.1 22.0 180 24 090 2.0 180
00:51:10 -92 -49 50 0 0.09 -0.12 -0.15 061 0.210 35.0 22.0 180 22 090 2.0 180
00:51:20 -92 -48 49 0 0.16 0.06 -0.25 061 1.975 35.0 22.0 180 20 090 2.0 180
00:51:30 -92 -47 50 0 0.18 0.10 -0.33 061 2.731 35.0 22.0 180 15
00:51:40 -91

090 2.0 180
-46 50 0 0.20 0.10 -0.40 062 3.180 35.0 0.0- 180 21 090 2,0 180

00:51:50 -90 -45 50 0 0.19 0.21 -0.46 062 4.210 35.0 50.0 180 20 090 2.0 180
00:52:00 -90 -44 50 0 0.18 0.23 -0.50 063 4.632 35.0 50.0 180 24 090 2.0 180
00:52:10 -89 -43 49 0 0.13 0.32 -0.52 064 5.351 35.0 50.0 180 34 090 2.0 180
00:52:20 -89 -42 49 0 0.13 0.55 -0.53 065 6.833 33.5 50.0 180 19 090 2.0 180
00:52:30 -88 -42 50 0 0.20 0.73 -0.50 066 7.774 30.7 50.0 180 25 090 2.0 180
00:52;40 -87 -42 49 0 0.27 0.67 -0.43 067 6.961 21.2 50.0 180 25

P

:52:50 -85
090 2.0 180

-43 39 0 0.27 0.81 -0.30 068 7.043 5.7 99.0 180 23 090 2.0
:53:00

180
-83 -44 39 0 0.22 0.94 -0.10 070 6.607 -12.3 99.0 180 28 090 2.0

0:53:10 -81
180

-46 39 0 0.26 0.65 0.16 070 3.136 -31.3 99.0 180 26 090 2.0 180
00:53:20 -79 -47 39 0 0.21 0.26 0.42 071 -1.003 -35.0 99.0 180 26 090 2.0 180
00:53:30 -78 -48 39 0 0.14 0.03 0.66 070 -3.986 -35.0 99.0 180 27 090 2.0 180
00:53:40 -77 -50 39 0 0.07 -0.12 0.88 069 -6.292 -35.0 99.0 180 21 090 2.0 180
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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 DeglMin Deg % Deg Knots Deg Knots Deg
----------------------------------------------------------------------------------- -----------------------------------------

N

;53:50 -76 -52 39 0 -0.02 -0:16 1.07 068 -7.790 -35.0 99.0 229 23
:54:00

090 2.0 180
-75 -54 39 0 -0.02 -0.49 1.25 067 -11.034 -35.0 99.0 229 23 090 2.0

:54:10
180

-75 -56 39 0 -0.01 -0,60 1.41 065 -12.784 -35.0 99.0 229 14

00:54:20

090 2.0 180
-74 -58 39 0 -0.06 -0.69 1.54 062 -i4.161 -22.5 99.0 229 22 090 2.0

00:54:30
180

-73 -60 38 0 -0.15 -0.81 1.58 060 -15.190 -3.5 99.0 229 22

00:54:40
090 2.0 180

-73 -62 39 0 -0.19 -0.84 1.53 057 -15.032 15.5 99.0 229 22
00:54:50

090 2.0 180
-73 -64 39 0 -0.26 -0.87 1.40 055 -14.374 34.5 99.0 177 21 090 2.0

00:55:00 -74
180

-65 39 0 -0.32 -0.90 1.23 053 -13.519 35.0 99.0 177 24 090 2.0
00:55:10

180
-75 -67 39 0 -0.41 -0.79 1.07 050 -11.783 35.0 99.0

00:55:20
177 22 090 2.0 180

-76 -69 39 0 -0.44 -0.43 0.93 049 -8.637 35.0
00:55:30

99.0 177 26 090 2.0
-76

180
-72 42 0 -0.43 -0.22 0.77 048 -6.291 35.0 0.0

00:55:40
177 27 090 2.0 180

-77 -74 43 0 -0.39 -0.08 0.59 047 -4.215 35.0 0.0
00:55:50

177 23 090 2.0 180
-77 -77 56 0 -0.32 0.16 0.37 046 -1.328 35.0 0.0 177 26 090 2.0 180

00:56:00 -78 -78 62 0 -0.17 -0.03 0.02 046 -0.295 35.0 0.0 177 16 090 2.0
00:56:10

180
-79 -78 50 0 -0.10 -0.21 -0.26 046 0.315 35.0 0.0 177 26 090 2.0

00;56:20 -80 -77 57
180

0 -0.10 -0.05 -0.47 046 2.669 35.0 0.0 177 29 090 2.0 180
00:56:30 -81 -76 57 0 0.00 -0.05 -0.68 047 3.949 35.0 0.0 177 23 090 2.0
00:56:40 -83

180
-75 56 0 0.09 -0.18 -0.87 048 4.365 35.0 0.0 177 26 090 2.0 180

00;56:50 -84 -72 57 0 0.15 -0.31 -1.03 048 4.613 35.0 0.0
00:57:00 -86

177 24 090 2.0 180
-69 57 0 0.21 -0.15 -1.13 049 6.200 35.0 0.0 177 17 090 2.0 180

00:57:10 -87 -66 57 0 0.23 0.24 -1.16 050 8.917 35.0 0.0 177 24 090 2.0 180
00:57:20 -87 -63 57 0 0.27 0.01 -1.22 052 7.821 35.0 25.0 177 21 090 2.0
00:57:30 -88

180
-59 57 0 0.30 -0.22 -1.29 053 6.796

00:57:40
35.0 25.0 147 24 090 2.0

-89
180

-55 57 0 0.30 -0.13 -1.31 054 7.467 35.0 25.0 146 28 090 2.0 180
00:57:50 -90 -51 57 0 0.25 0.00 -1.30 056 8.265
00:58:00

35.0 76.0 146 20 090 2.0
-91

180
-48 57 0 0.22 0.21 -1.26 057 9.352 35.0 76.0 146 31 090 2.0

00:58:10 -91
180

-46 57 0 0.22 0.47 -1.20 059 10.611 35.0 76.0 146 23 090 2.0 180
00:58:20 -91 -44 56 0 0.29 0.77 -1.12 061
00:58:30

11.956 35.0 76.0 146 18 090 2.0
-90

180
-43 57 0 0.32 0.83 -1.04 063 11.809 35.0 76.0 146 21 090 2.0 180

00:58:40 -88 -42 44 0 0.33 1.02 -0.92 065 12.260
00:58:50

35.0 76.0 146 21
-87

090 2.0 180
-41 44 0 0.32 1.04 -0.76 067 11.437 26.9 76.0 180 21

00:59:00 -85
090 2.0 180

-41 44 0 0.32 0.87 -0.56 068 9.063 7.9 100.0 180 26 090 2.0 180
00:59:10 -83 -42 40 0 0.26 0.74 -0.30 070 6.556 -11.1 100.0
00:59:20

180 25
-82

090 2.0 180
-43 30 0 0.21 0.53 -0.07 070

00:59:30
3.804 -30.1 100.0 180 20 090 2.0

-80
180

-43 30 0 0.20 0.36 0.15 071 1.280 -35.0 100.0 228 22 090 2.0
00:59:40 -79

180
-45 30 0 0.10 0.31 0.34 071 -0.174 -3s.0 100.0 228 21 090 2.0

00:59:50 -78
180

-46 30 0 0.06 0.21 0.51 071 -1.896 -35.0 100.0 228 28
01:00:00 -77

090 2.0 180
-48 30 0 0.05 0.09 0.66 070 -3.587 -35.0 100.0 228 26

v

:00:10 -76
090 2.0 180

-49 30 0 0.00 -0.25 0.81 070 -6.714 -35.0 100.0 228 23
:00:20 -76

090 2.0 180
-51 30 o -0.09 -0.58 0.96 068 -9.746 -35.0 100.0 228 25 090 2.0

1:00:30 -77
180

-52 30 0 -0.26 -0.54 1.10 066 -10.404 -35.0 100.0 228 29 090 2.0
01:00:40 -77

180
-54 30 0 -0.35 -0.62 1.22 065 -11.672 -35.0 100.0 228 22 090 2.0

01:00:50 -78 -56 30
180

0 -0.42 -0.89 1.34 062 -14.134 -24.1 100.0 228 30 090 2.0
01:01:00 -80

180
-58 30 0 -0.47 -0.88 1.40 060 -14.458 -5.1 100.0 238 26 090 2.0

01:01:10 -81
180

-61 38 0 -0.51 -0.63 1.40 058 -12.856 13.9 100.0 262 19 090 2.0
01:01;20 -82

180
-64 53 0 -0.47 -0.36 1.26 056 -10.311 32.9 100.0 262 25 090 2.0

01:01:30 -a3
180

-67 59 0 -0.41 -0.31 0.96 054
01:01;40

-8.034 35.0 100.0 262 17 090 2.0
-83

180
-70 60 0 -0.30 -0.11 0.64 053 -4.743 35.0 29.0 262 23

01:01:50 -84
090 2.0 180

-71 61 0 -0.19 -0.20 0.32 053 -3.294 35.0 0.0 180 19 090 2.0
01:02:00 -85

180
-71 62 0 -0.11 -0.09 0.03 052 -0.798 35.0 0.0

01:02:10
180 18

-85
090 2.0 180

-71 64 0 -0.03 0.04 -0.24 052 1.760 35.0 0.0 180 26 090 2.0
01:02:20 -85

180
-71 62 0 0.13 0.18 -0.48 053 4.204 3s.0 0.0

01;02:30
180 24

-85
090 2.0 180

-70 45 0 0.18 0.34 -0.57 054 5.761 3s.0 0.0
01:02:40

180 21
-85

090 2.0 180
-68 46 0 0.21 0.23 -0.63 055 5.472 35.0 0.0 180 26 090 2.0

01:02:50 -84 -67 46
180

0 0.29 0.11 -0.68 .055 5.035 35.0 0.0 180 19 090 2.0
01;03;00 -84

180
-65 45 0 0.28 0.14 -0.72 056 5.435

01:03:10
35.0 27.0 180 20 090 2.0

-84
180

-62 46 0 0,24 -0.06 -0.76 057 4.434
01:03:20

3s.0 52.0 180 28
-84

090 2.0 180
-60 46 0 0.19 -0.09 -0.76 058 4.301 27.4 52.0 180 28 090 2.0

01;03:30 -84
180

-58 46 0 0.18 -0.24 -0.69 059 2.811
01:03:40

9.5 52.0 180 31 090 2.0
-85 -55 45

180
0 0.20 -0.48 -0.51 059 0.153 -9.5 52.0 180 23 090 2.0

01;03:50 -85 -52 46
180

0 0.14 -0.39 -0.24 059 -1.009 -28.5 52.o
01:04:00 -85 -52 46

180 24 090 2.0 180
0 0.14 -0.10 0.09 058 -1.211 -3s.0 52.0 180 22 090 2.0

01:04:10 -84
180

-51 46 0 0.18 -0.20 0.37 058 -3.605 -35.0
01:04:20 -83

52.0 180 23 090 2.0 180
-51 46 0 0.23 -0.49 0.60 057 -6.902 -35.0 52.0 180 20 090 2.0

01:04:30 -82
180

-51 45 0 0.21 -0.59 0.80 056 -8.834 -35.0 52.0 180 25 090 2.0
01:04:40 -81

180
-51 46 0 0.21 -0.47 1.00 054 -9.332 -35.0

01:04:50
52.0 180 23

-79
090 2.0 180

-51 46 0 0.21 -0.70 1.12 053 -11.524 -21.7 52.0 180 19 090 2.0
01:05:00 -77

180
-51 46 0 0.25 -0.68 1.12 051 -11.439 -2.7 52.0 180 28

01:05:10 -76
090 2.0 180

-51 45 0 0.33 -0.76 0.98 049 -11.013 16.3 52.0 180 22 090 2.0 180
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● Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

●

Start Time [hrs:min:sec]: 00:41:40
End Time [hrs:min:sec]: 01:05:12
Delta Plot Time [see]: 30

● Date: 04-Feb-99 Time: 16:29:29 I
East-West Scale [m]: 926.
East-West Scale [Nm]: 0.5000
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HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 27 Date: 5 February 1999
Start Time: 08:06
Length of run [sees]: 5704

Ship Condition: draft =13.72 m

Environment
Wind Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . . . “ 40 Direction: O

Sea State, Significant wave height [m]:.. 8 Direction: 180

Current Speed [knots] :. . . . . . . . . . . . . . . . . . . . .. o Direction: O

Ship Operator: J.A. Observer: B.K.J

Final Mating, distance between center of buoy and center of moon pool [m]: 5.1

Evaluation:

Mating 5.1 m off on the centerline. The challenge is to time when to push the button for
release of the buoy during the buoy motion cycle. The captain was two seconds too early
in the cycle.
The approach was good until the buoy came into camera view. It was possible to stop the
ship entirely through a buoy cycle (approx. 14 sees).
The captain spent considerable time using the thruster only at 180 degrees and varying
the heading orders for steering constantly seeking to keep zero ground speed, but it was
not possible. Then the captain changed tactics and began experimenting by shz~ting the
thruster vector. This proved to give better control.
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Shiphandl ing Simulator Exercise date & time: 05-Feb-99
08:06:56

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: %U &23

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 Snots Deg
----------------------------------- --------------------- ------------------------------------------------------------- -------

00:58:20
00:58:30
00:58:40
00:58:50
00:59:00
00:59:10
00:59:20
00:59:30
00:59:40
00:59:50
01:00:00
01:00:10
01:00:20
01:00:30
01:00:40
01:00:50
01:01:00
01:01:10
01:01:20
01:01:30
01:01:40
01:01:50
01:02:00
01:02:10
01:02:20
01:02;30
01:02:40
01:02:50

II

:03:00
:03:10
:03:20

01:03:30
01:03:40
01:03:50
01:04:00
01:04;10
01:04:20
01:04:30
01:04:40
01:04:50
01:05:00
01:05:10
01:05;20
01:05:30
01:05:40
01:05:50
01:06:00
01:06:10
01:06;20
01:06:30
01:06:40
01:06:50
01:07:00
01:07:10
01:07:20
01:07:30
01:07:40
01:07:50
01:08:00
01:08:10
01:08:20
01:08:30
01:08:40
D1;08:50
D1;09:O0
D1:O9:1O
01:09:20

I

:09:30
:09:40
:09:50

D1:1O:OO
D1:1O:1O
D1;1O;2O

20
22
23
24
25
26
27
28
29
30
31
31
32
32
31
31
30
29
28
26
25
23
22
20
19
17
16
14
13
12
10
8
7
5
3
1

-2
-4
-7

-10
-12
-14
-17
-19
-21
-22
-24
-25
-26
-28
-30
-32
-34
-36
-38
-39
-40
-40
-41
-41
-41
-40
-39
-38
-37
-36
-34
-32
-30
-28
-26
-23
-21

-96
-98

-1oo
-103
-105
-107
-108
-110
-111
-111
-109
-108
-107
-106
-104
-103
-102
-101
-1oo
-98
-97
-95
-94
-93
-92
-91
-90
-90
-90
-89
-87
-86
-83
-82
-81
-80
-79
-79
-79
-80
-81
-82
-84
-85
-88
-90
-93
-96
-99
-102
-104
-105
-106
-107
-106
-105
-103
-101
-99
-98
-96
-94
-91
-89
-87
-85
-84
-84
-84
-84
-85
-86
-87

50
49
49
50
52
51
51
52
56
55
56
56
55
55
55
55
56
56
55
55
55
55
56
56
55
55
55
56
55
55
56
53
45
46
46
46
46
45
45
45
46
46
46
46
46
49
53
54
54
53
59
63
62
62
62
63
62
62
52
53
52
53
53
53
53
53
53
52
53
53
53
53
52

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-0.42
-0.46
-0.53
-0.43
-0.35
-0.36
-0.29
-0.26
-0.12
0.12
0.27
0.27
0.18
0.23
0.29
0.22
0.19
0.27
0.30
0.31
0.29
0.24
0.26
0.26
0.21
0.12
0.07
0.04
0.12
0.30
0.33
0.41
0.39
0.24
0.19
0.21
0.16

-0.02
-0.18
-0.19
-0.16
-0.24
-0.30
-0.39
-0.46
-0.50
-0.59
-0.62
-0.56
-0.44
-0.32
-0.23
-0.16
-0.06
0.18
0.28
0.31
0.42
0.37
0.29
0.36
0.48
0.54
0.47
0.32
0.25
0.17
0.09

-0.01
-0.16
-0.18
-0.16
-0.13

0.28
0.32
0.32
0.29
0.26
0.26
0.22
0.16
0.08
0.01
-0.05
-0.05
-0.05
-0.07
-0.08
-0.13
-0.14
-0.16
-0.15
-0.11
-0.10
-0.11
-0.15
-0.23
-0.30
-0.34
-0.32
-0.30
-0.31
-0.34
-0.33
-0.31
-0.34
-0.36
-0.36
-0.36
-0.30
-0.25
-0.21
-0.19
-0.21
-0.25
-0.30
-0.35
-0.41
-0.45
-0.48
-0.49
-0.46
-0.39
-0.22
-0.02
0.09
0.08
-0.02
-0.04
0.02
0.05
0.04
0.01
0.07
0.13
0.10
0.15
0.19
0.22
0.29
0.31
0.28
0.18
0.09
0.10
0.10

0.29
0.19
0.11
0.07
0.05
0.06
0.10
0.19
0.33
0.36
0.33
0.26
0.15
0.04

-0.05
-0.13
-0.19
-0.24
-0.29
-0.41
-0.46
-0.45
-0.40
-0.34
-0.28
-0.25
-0.24
-0.24
-0.25
-0.26
-0.29
-0.31
-0.32
-0.33
-0.38
-0.52
-0.66
-0.75
-0.82
-0.83
-0.76
-0.65
-0.52
-0.38
-0.25
-0.14
-0.06
-0.04
-0.08
-0.20
-0.48
-0.80
-0.95
-0.89
-0.59
-0.38
-0.34
-0.26
-0.17
-0.07
0.01
0.10
0.18
0.23
0.27
0.29
0.31
0.36
0.53
0.75
0.86
0.86
0.91

357
357
357
358
358
358
358
358
358
358
357
357
357
357
356
356
356
357
357
357
357
358
358
358
358
358
358
358
358
358
358
358
358
358
358
3.58
358
358
359
360
000
001
001
001
001
001
001
000
360
359
359
360
001
002
003
003
004
004
004
005
005
005
005
005
004
004
004
004
004
004
003
002
001

-0.036
0.858
1.306
1.418
1.329
1.231
0.791

-0.205
-1.602
-2.228
-2.442
-1.949
-1.280
-0.696
-0.222
0.002
0.304
0.503
0.884
1.904
2.292
2.199
1.562
0.698

-0.159
-0.544
-0.456
-0.343
-0.392
-0.470
-0.246
-0.033
-0.127
-0.149
0.111
1.019
2.284
3.179
3.889
4.025
3.520
2.589
1.414
0.171

-1.041
-1.961
-2.681
-2.887
-2.450
-1.177
1.640
4.934
6.566
6.161
3.604
2.192
2.275
1.975
1.364
0.538
0.371
0.236

-0.505
-0.532
-0.474
-0.460
-0.132
-0.299
-1.576
-3.648
-4.924
-4.826
-5.156

17.6
14.4
10.3
5.4
0.4
-3.1
-5.1
-20.5
-11.3
-1.2
3.8
9.1
13.7
12.7
11.0
10.7
8.7
7.2
15.5
15.2
7.5
0.2
-3.2
-3.9
-2.4
0.3
1.9
2.6
3.8
5.2
5.7
5.1
5.8
6.0

21.7
35.0
30.3
20.1
8.5

-4.2
-14.9
-22.4
-25.3
-25.2
-21.5
-15.2
-7.0
1.7
9.7

25.4
35.0
25.5
6.5

-12.5
-25.0
-6.0
-2.1
-6.5
-10.5
-11.3
-11.3
-11.9
-10.2
-7.8
-6.5
-4.6
-5.2
-18.2
-34.4
-22.3
-6.3
3.5

-12.6

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

24.0
24.0
24.0
24.0
51.0
51.0
51.0
51.0
51.0
51.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
76.0
76.0
76.0
76.0
76.0
52.0
27.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

51.0
75.0
48.0
48.0
48.0
48.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
130
130

35
39
44
34
34
41
30
40
35
33
46
45
51
35
40
41
43
29
40
31
39
43
39
40
37
42
28
44
37
36
30
38
36
38
28
29
33
34
46
29
39
45
35
36
38
28
34
32
36
44
39
41
40
39
51
33
33
41
41
40
41
37
36
42
36
40
35
46
33
44
41
41
30

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180

;...

. ..-.
~..

. ... .. ..—... .. .. . .. -—. .—,.- ___ ---- __,___ . ~,q —.—mm ..4. . r.,-m ,-,, —----- -. n-- —-— --—-- .—.-. .. ... -



Iog.ascii Page 2

Time Position(m) RPM Speed (Knots) Turn Rudder Gill Wind Current
HH:NN:SS East North Port Stbd Long BOW Stern Heading DeglMin Deg % Deg Knots Deg Rnots Deg
----------------------------------------------------------------------------------------------------------------------------

h
1;10:30

:10:40
:10;50

01:11:00
01:11:10
01;11:20
01:11:30
01:11:40
01:11:50
01:12:00
01:12:10
01:12:20
01:12:30
01:12:40
01:12:50
01:13:00
01:13:10
01:13:20
01:13:30
01:13:40
01:13:50
01:14:00
01:14:10
01;14:20
01:14:30
01:14:40
01:14:50
01:15:00
01:15:10
01:15:20
01:15:30
01:15:40
01:15:50
01:16:00
01:16:10
01:16:20
01:16:30
01:16:40

B

:16:50
:17:00
:17:10

01:17:20
01:17:30
01:17:40
01:17:50
01:18:00
01:18:10
01:18:20
01;18:30
01:18:40
01:18:50
01:19:00
01:19:10
01:19:20
01:19:30
01;19:40
01:19:50
01:20:00
01:20:10
01:20:20
01:20:30
01:20:40
01:20:50
01:21:00
01:21:10
01:21:20
01:21:30
01:21:40
01:21:50
01:22:00
01;22 :10
01:22:20
01:22:30
01:22:40
01:22:50
01:23:00
01:23:10

P

:23:20
:23:30
:23:40

31:23:50
11:24:00
31:24:10

-18
-16
-13
-11
-8
-6
-4
-2
0
3
5
7
9
11
13
15
16
17
18
19
19
19
19
19
19
19
18
18
17
16
15
14
12
11
9
8
6
5
3
2
0
-2
-3
-5
-6
-8
-9
-lo
-11
-11
-12
-12
-12
-12
-12
-11
-lo
-lo
-9
-8
-7
-6
-5
-4
-3
-2
-1
0
1
2
3
3
4
4
5
5
5
4
4
4
3
2
2

-88
-88
-88
-87
-87
-87
-87
-87
-87
-86
-86
-85
-85
-85
-85
-86
-87
-88
-90
-92
-93
-94
-95
-95
-96
-96
-96
-97
-98
-98
-97
-97
-96
-95
-94
-93
-92
-92
-93
-93
-94
-95
-95
-96
-97
-97
-98
-98
-98
-98
-99
-98
-97
-97
-96
-94
-93
-92
-91
-91
-92
-91
-92
-93
-94
-94
-94
-94
-95
-95
-96
-97
-98
-98
-97
-97
-97
-96
-95
-94
-94
-95
-96

53
53
52
52
53
53
52
53
53
52
53
48
48
49
49
49
49
49
48
48
49
49
49
49
48
49
49
48
48
48
49
48
49
48
48
49
48
49
49
49
49
49
49
48
48
49
49
48
48
49
48
49
49
48
48
48
49
48
48
49
49
49
48
48
48
49
48
48
48
48
49
49
48
48
48
49
49
48
49
49
49
49
48

0
0
0
0
0
0
0
0
0
0
0
0
0
0
“o
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-0.07
-0.05
0.05
0.13
0.08

-0.07
-0.03
0.09
0.06
0.10
0.12
0.04
0.00

-0.02
-0.07
-0.11
-0.24
-0.36
-0.37
-0.34
-0.19
-0.12
-0.10
-0.08
-0.09
-0.05
-0.11
-0.18
-0.05
0.10
0.09
0.04
0.16
0.23
0.26
0.25
0.07

-0.10
-0.13
-0.15
-0.14
-0.12
-0.16
-0.11
-0.12
-0.10
-0.03
-0.01
-0.03
-0.10
-0.02
0.13
0.14
0.16
0.28
0.32
0.22
0.12
0.01

-0.03
0.02

-0.02
-0.16
-0.21
-0.14
-0.05
0.04

-0.04
-0.12
-0.14
-0.21
-0.15
-0.05
0.07
0.08
0.06
0.16
0.18
0.10
0.04

-0.03
-0.14
-0.18

0.10
0.17
0.29
0.41
0.52
0.60
0.63
0.63
0.59
0.51
0.42
0.34
0.29
0.25
0.21
0.18
0.16
0.15
0.15
0.14
0.13
0.09
0.04

-0.01
-0.04
-0.07
-0.09
-0.12
-0.16
-0.21
-0.25
-0.28
-0.28
-0.28
-0.29
-0.29
-0.29
-0.28
-0.27
-0.28
-0.28
-0.29
-0.29
-0.30
-0.27
-0.24
-0.21
-0.17
-0.13
-0.10
-0.06
-0.03
0.00
0.04
0.07
0.10
0.11
0.13
0.15
0.16
0.16
0.17
0.17
0.17
0.17
0.18
0.19
0.20
0.20
0.20
0.17
0.12
0.08
0.06
0.03
0.00

-0.03
-0.05
-0.07
-0.09
-0.12
-0.14
-0.14

0.94
0.86
0.69
0.47
0.31
0.22
0.21
0.24
0.30
0.37
0.43
0.47
0.48
0.50
0.48
0.42
0.34
0.24
0.15
0.06
0.00

-0.03
-0.05
-0.06
-0.08
-0.09
-0.11
-0.14
-0.17
-0.19
-0.21
-0.24
-0.25
-0.27
-0.29
-0.30
-0.31
-0.33
-0.35
-0.36
-0.36
-0.35
-0.33
-0.32
-0.29
-0.25
-0.22
-0.18
-0.14
-0.09
-0.05
-0.01
0.02
0.05
0.08
0.11
0.13
0.14
0.16
0.18
0.19
0.19
0.20
0.21
0.21
0.21
0.20
0.19
0.19
0.20
0.19
0.16
0.13
0.08
0.04
0.00

-0.03
-0.05
-0.08
-0.10
-0.12
-0.15
-0.17

000
360
359
359
359
359
360
000
000
001
001
001
000
000
360
360
359
359
359
359
359
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360
360

-5.337
-4.437
-2.529
-0.367
1.384
2.417
2.649
2.483
1.851
0.922

-0.063
-0.806
-1.208
-1.566
-1.687
-1.517
-1.117
-0.575
-0.027
0.498
0.816
0.720
0.520
0.301
0.217
0.154
0.126
0.098
0.026

-0.125
-0.229
-0.290
-0.179
-0.068
0.004
0.071
0.117
0.326
0.476
0.518
0.482
0.398
0.253
0.108
0.113
0.105
0.060
0.068
0.020

-0.026
-0.051
-0.078
-0.107
-0.084
-0.058
-0.058
-0.105
-0.089
-0.024
-0.132
-0.153
-0.112
-0.200
-0.239
-0.225
-0.177
-0.034
0.083
0.072
0.040

-0.118
-0.270
-0.301
-0.139
-0.040
-0.020
-0.016
0.029
0.030
0.007
0.003
0.068
0.196

3.9
16.9
24.2
23.0
17.1
7.8
-0.6
-7.2
-12.2
-14.3
-12.8
-9.5
-5.3
0.4
6.1

10.7
13.4
13.5
13.1
10.8
5.3
1.2

-0.2
0.5
1.6
1.4
1.8
1.7
2.1
2.9
3.9
5.2
5.2
5.3
5.1
4.9
4.1
2.7
1.1

-0.6
-1.6
-3.1
-3.7
-3.8
-3.8
-4.4
-4.3
-5.0
-4.7
-4.3
-3.5
-3.2
-3.0
-2.8
-3.1
-3.2
-2.3
-2.2
-2.1
-1.4
-0.6
-0.4
-0.2
1.0
1.7
2.2
1.9
0.6
0.7
0.9
1.6
3.2
5.3
5.1
3.9
3.8
3.5
3.2
3.1
3.3
3.4
3.0
1.9

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
50.0
50.0
50-0
50.0
50.0
50.0
50.0
50.0
50.0
24.0
24.0
24.0
98.0
98.0
99.0
99.0
99.0
99.0
99.0
99.0
99.0
99.0
99.0
76.0
76.0
98.0
52.0
52.0
39.0
39.0
39.0
39.0
39.0
39.0
39.0
39.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
51.0
51.0

130
130
130
130
130
130
130
130
180
232
232
232
213
213
269
269
269
290
296
296
296
270
270
244
218
218
218
272
288
288
278
253
253
253
253
205
205
242
242
242
242
242
242
140
118
118
118
090
090
090
090
090
118
118
118
118
151
151
090
090
090
090
124
065
065
065
065
153
176
176
242
272
272
242
242
242
211
211
211
211
239
239
239

27
37
31
36
33
35
37
52
28
38
33
32
35
31
37
36
33
39
42
35
45
29
37
49
41
37
38
39
41
36
36
34
40
43
44
41
46
38
33
37
39
32
26
42
33
47
37
33
34
42
33
35
31
36
39
26
45
28
33
34
36
37
49
33
38
44
40
39
26
37
36
40
42
42
40
47
42
38
40
39
31
36
44

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
180
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Time Position (m) RPM Speed (Knots) Turn Rudder Gill Nind Current
HH:l.S14:SS East North Port Stbd Long Bow Stern Heading Degl14in DeG % Deg Knots Deg Knots Deg
----------------------------------------------------------------------------------------------------------------------------

k

:24:20 1 -97. 49 0 -0.24 -0.15 -0.19 360 0.268 1.2 51.0 239 39 000 0.0

:24:30

180
0 -98 48 0 -0.30 -0.15 -0.20 360 0.299 0.2

:24:40

51.0 249 34 000 0.0 180
-1 -1oo 49 0 -0.25 -0.16 -0.20 360 0.265 -0.5 51.0 272 37 000 0.0 180

01:24:50 -2 -101 49 0 -0.13 -0.18 -0.21 000 0.194 -1.0 51.0 272 33 000 0.0 180
01:25:00 -3 -101 49 0 -0.12 -0.17 -0.20 000 0.180 -1.5 51.0 088 43 000 0.0 180
01:25:10 -4 -102 49 0 -0.23 -0.16 -0.18 000 0.157 -1.8 51.0 088 37 000 0.0 180
01:25:20 -5 -103 48 0 -0.31 -0.15 -0.17 000 0.103 -2.0 51.0 059 34 000 0.0 180
01:25:30 -6 -105 49 0 -0.32 -0.15 -0.15 000 0.045 -1.8 51.0
01:25:40

059 36 000 0.0 180
-6 -106 49 0 -0.16 -0.12 -0.13 000

01:25:50
0.092

-107 49
-2.8 100.0 059 36 000 0.0 180

-7 0 -0.10 -0.08 -0.10 000 0.114 -3.3 100.0 059 46 000 0.0 180
01:26:00 -7 -108 49 0 -0.16 -0.05 -0.07 000 0.086 -3.4 100.0 059 35 000 0.0 180
01:26:10 -7 -108 48 0 -0.06 -0.03 -0.03 000 0.038 -3.4 100.0 059 32 000 0.0 180
01:26:20 -7 -108 49 0 0.05 0.00 0.00 000 -0.008 -2.6 100.0 059 35 000 0.0 180
01:26:30 -7 -108 49 0 0.18 0.03 0.04 000 -0.013 -2.7 100.0 059 33 000 0.0 180
01:26:40 -7 -106 49 0 0.35 0.07 0.07 000 0.009 -2.8 100.0 059 22 000 0.0 180
01:26:50 -7 -104 48 0 0.49 0.10 0.10 000 0.038 -2.9 100.0 059 42 000 0.0 180
01:27:00 -6 -101 48 0 0.56 0.13 0.12 000 0.045 -2.9 100.0 059 27 000 0.0 180
01:27;10 -5 -99 49 0 0.46 0.15 0.15 000 0.016 -3.4 100.0 152 38 000 0.0 180
01:27:20 -4 -97 48 0 0.36 0.17 0.17 000 -0.015 -3.3 100.0 152 38 000 0.0
01:27:30 -4 -95 48 0

180
0.29 0.17 0.19 000 -0.105 -2.5 100.0 184 36 000 0.0 180

01:27:40 -3 -94 48 0 0.17 0.16 0.19 000 -0.183 -1.9 100.0 184 45 000 0.0 180
01:27:50 -2 -93 48 0 0.11 0.16 0.19 000 -0.192 -1.1 100.0 184 41 000 0.0 180
01:28:00 -1 -93 49 0 0.08 0.16 0.18 000 -0.159 -0.7 100.0 184 39 000 0.0 180
01:28:10 0 -93 48 0 -0.02 0.16 0.18 000 -0.143 -0.1 100.0 184 29 000 0.0 180
01:28;20 1 -93 48 0 -0.08 0.15 0.18 000 -0.224 0.9 100.0 184 32 000 0.0 180
01:28;30 2 -93 48 0 -0.10 0.14 0.18 360 -0.245 1.5 100.0 184 36 000 0.0 180
01:28:40 3 -94 49 0 -0.19 0.14 0.18 360 -0.225 2.2 100.0 184 44 000 0.0 180
01:28:50 3 -95 49 0 -0.27 0.17 0.18 360 -0.077 2.0 100.0 089 25 000 0.0 180
01:29:00 4 -97 48 0 -0.31 0.16 0.17 360 -0.082 1.9 100.0 268 43
01:29:10

000 0.0
5 -98 48 0 -0.26

180
0.12 0.15 360 -0.199 3.1 100.0 303 37 000 0.0 180

01:29:20 6 -99 48 0 -0.24 0.08 0.12 360 -0.240 3.9 100.0 303 43 000 0.0 180
01:29:30 6 -101 48 0 -0.28 0.05 0.09 360 -0.219 4.3 100.0 272 44 000 0.0 180
01:29:40 6 -102 49 0 -0.33 0.03 0.05 360 -0.152 4.5 100.0 306 40 000 0.0 180
01;29 :50 7 -104 48 0 -0.18 0.01 0.02 360 -0.017 4.6 100.0 336 37 000 0.0 180
01:30;00 7 -104 48 0 0.15 0.00 -0.01 360 0.062 3.4 100.0 336 39
01:30:10

000 0.0
6

180
-103 48 0 0.25 -0.03 -0.04 360 0.056 3.7 100.0 298 43

01:30:20
000 0.0

6
180

-101 49 0 0.30 -0.06 -0.07 360 0.041 3.8 100.0 298 36 000 0.0 180
01:30:30 6 -1oo 49 0 0.37 -0.10 -0.10 360 0.018 3.9 100.0 298 44

E

:30;40 5 -98 49
000 0.0

0
180

0.37 -0.13 -0.13 360
:30:50

-0.001 3.9 100.0 298 42
4 -96 49

000 0.0 180
0 0.39 -0.16 -0.16 360 -0.008 4.0 100.0 209 39

:31:00 4 -94 48
000 0.0 180

0 0.39 -0.17 -0.17 360 0.031 3.9 100.0 184 32 000 0.0
01:31;10 3 -92 49 0

180
0.32 -0.17 -0.18 360 0.095 3.1 100.0 184 42

01:31:20 2 -90 49
000 0.0 180

0 0.20 -0.17 -0.19 360 0.153 2.7 100.0 184 38
01:31:30 1 -90 48

000 0.0 180
0 0.11 -0.17 -0.19 360 0.133 2.1 100.0 184 37

01:31:40 0
000 0.0 180

-89 48 0 0.09 -0.17 -0.19 360 0.122 1.5 100.0 141 31
01:31:50 -1

000 0.0 180
-89 49 0 0.07 -0.13 -0.17 360

01:32:00 -2
0.214 0.2 100.0 119 36 000 0.0 180

-89 48 0 0.01 -0.10 -0.14 360 0.227 -1.1 100.0 142 43
01:32:10 -2

000 0.0 180
-89 49 0 0.02 -0.09 -0.12 360 0.141

01:32:20
-1.0 100.0 156 42 000 0.0

-3
180

-89 49 0 -0.04 -0.07 -0.09 360 0.137 -1.8 100.0
01:32:30

153 45 000 0.0
-3

180
-89 48 0 -0.20 -0.05 -0.08 000 0.159

01:32:40 -3 -90 49
-0.9 100.0 153 36 000 0.0

0
180

-0.31 -0.03 -0.06 000 0.216
01:32:50

-1.4 100.0
-4 -92 48 0 -0.40

121 32 000 0.0 180
0.01 -0.03 000

01:33:00 -4
0.263 -2.5 100.0 121 45 000 0.0 180

-95 49 0 -0.44 0.04 0.00 000 0.257 -2.9 100.0 121 30
01:33:10 -3 -97 49 0 -0.44

000 0.0 180
0.07 0.04 000 0.211 -3.4 100.0 062 29

01:33:20
000 0.0 180

-3 -99 49 0 -0.37 0.10 0.08 ,000
01:33:30 -2 -101 49

0.124 -3.8 100.0 062 34 000 0.0
0

180
-0.23 0.12 0.12 000 0.017 -4.0 100.0 062 30

01:33:40
000 0.0 180

-2 -101 49 0 -0.07 0.15 0.16 000 -0.101 -2.7 100.0
01:33:50 -1

062 33 000 0.0 180
-101 49 0 -0.03 0.17 0.20 000 -0.173

01:34:00
-2.3 100.0

0
119 39 000 0.0 180

-102 48 0 -0.10 0.20 0.23 000 -0.208 -1.8 100.0 119 37
01:34:10 1 -102 49

000 0.0
0

180
0.01 0.23 0.26 000 -0.180 -1.4 100.0 119 42

01:34:20
000 0.0 180

3 -102 49 0 0.10 0.28 0.27 000 0.053
01:34:30

-1.9 100.0 119 36 000 0.0
4

180
-101 49 0 0.08 0.32 0.28 000 0.215

01:34:40
-3.1 100.0 119 32 000 0.0

6
180

-101 49 0 0.05 0.35 0.30 000 0.326 -4.0 100.0 119 40
01:34:50

000 0.0 180
8 -101 49 0 -0.07 0.37 0.34 000 0.217 -4.7 100.0 119 30 000 0.0 180

01:35:00 9 -102 49 0 -0.16 0.38 0.39 000 -0.051 -4.4 100.0 119 45 000 0.0 180
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I
Simulation Track Plot

Open Ocean
Ship: 150,000 ton, Tanker, partial load

.

●

Start Time [hrs:min:sec]:00:58:20
End Time [hrs:min:sec]: 01:35:04
Delta Plot Time [see]: 30

●
Date: 05-Feb-99 Time: 08:06:56

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

HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 28 Date: 5 Februa~ 1999

Start Time: 09:53
Length of run [sees]: 2145

Ship Condition: drafl =13.72 m

Environment
Wind Speed ~ots]: . . . . . . . . . . . . . . . . . . . . . . . . 40 Direction: O

Sea State, Significant wave height [m]:.. 8 Direction: 180

Current Speed ~ots]: . . . .. . . . . . . . . . . . . . . . .. o Direction: O

Ship Operator: J.A. Observer: B.K.J

Final Mating, distance between center of buoy and center of moon pool [m]: 2.4

Evaluation:

The approach was okay.
The maneuvering over the buoy was donefiom the start by varying the thruster vector
direction and the forces. Throughout the positioning operation the autopilot was kept at
000 degrees and the RPM 44. All maneuvers were controlled by a@sting the thruster
vector.
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Shiphandl ing Simulator Sxercise date & time: 05-Feb-99
09:53:08

Ship : 591 150,000 ton, Tanker, partial load
Sxercise number: 754 Suetion Mooring Systern

D

‘zenario: 112 Open Ocean
g file: 999 Dummy tug file based on concainership

.raffic ships: 590 Suction Mooring BUOY
Initial conditions: 594 150k tanker in partial load - Suction Mooring
Exercise identification: l?wJ+t2$f

Time Position (m) RPM Speed (Knots) ‘rum Rudder Gill Wind Current
HH;MM:SS East North Port Stbd Long Bow Stern Heading DeglMin Deg % Deg Knots Deg Knots Deg
------------ ----------------------------------------------------------------------------------------------------------------

00:16:40 10 -132 44 0 0.15 0.42 0.37 360 0.320 4.8 100.0 303 46 000 0.0 180
00:16:50 12 -131 44 0 0.21 0.39 0.31 360
00:17:00

0.481 3.1 100.0 303 40 000 0.0 180
14 -130 45 0 0.26 0.35 0.27 360 0.502 1.9 100.0 244 43 000 0.0 180

00:17:10 15 -128 45 0 0.35 0.31 0.24 360 0.408 0.6 100.0 244 43 000 0.0 180
00:17:20 16 -126 45 0 0.39 0.26 0.22 360 0.259 -0.1 100.0 244 36 000 0.0 180
00:17:30 18 -124 45 0 0.27 0.19 0.24 360 -0.373 -16.2 100.0 244 47 000 0.0 180
00;17:40 19 -124 45 0 0.10 0.09 0.30 360 -1.346 -22.3 100.0
00:17:50

244 31 000 0.0 180
20 -123 45 0 0.16 -0.01 0.38 359 -2.464 -15.0 100.0 264 38 000 0.0 180

00;18:00 20 -122 44 0 0.26 -0.10 0.39 359 -3.131 -6.3 100.0 272 27 000 0.0 180
00:18:10 21 -121 44 0 0.25 -0.16 0.36 358 -3.285 5.5 100.0 242 33 000 0.0 180
00;18 :20 21 -119 44 0 0.27 -0.18 0.25 358 -2.704 23.7 100.0 242 39 000 0.0 180
00;18:30 21 -118 45 0 0.22 -0.13 0.05 358 -1.155 35.0 100.0 242 43 000 0.0 180
00:18:40 21 -117 45 0 0.10 -0.05 -0.14 358 0.623 35.0 100.0 265 27 000 0.0 180
00:18:50 20 -117 45 0 0.08 -0.04 -0.31 358 1.740 28.8 100.0 265 36 000 0.0 180
00:19:00 19 -116 45 0 0.08 -0.09 -0.44 358 2.165 24.5 100.0 293 39 000 0.0 180
00:19:10 18 -116 45 0 0.04 -0.12 -0.52 359 2.548 17.2 100.0 293 36 000 0.0 180
00:19:20 16 -116 45 0 -0.02 -0.16 -0.57 359 2.641 10.1 100.0 293 38 000 0.0 180
00:19:30 14 -116 44 0 -0.17 -0.16 -0.61 359 2.887 2.6 51.0 293 31 000 0.0 180
00:19:40 12 -118 44 0 -0.27 -0.17 -0.61 360 2.789 -5.3 75.0 316 37 000 0.0 180
00:19:50 10 -119 44 0 -0.29 -0.20 -0.57 000 2.303 -11.3 75.0 316 31 000 0.0
00:20:00 8 -120 44 0

180
-0.24 -0.26 -0.50 001 1.506 -15.8 99.0 342 44 000 0.0 180

00:20:10 6 -121 45 0 -0.09 -0.33 -0.42 001 0.576
00:20:20 4

-17.0 99.0 303 31
-122 45

000 0.0
0

180
-0.06 -0.40 -0.35 001 -0.293 -14.3 54.0 272 38 000 0.0 180

00:20:30 2 -122 45 0 -0.06 -0.43 -0.29 001 -0.909 -10.6 26.0
00:20:40 0 -122 45 0

272 34 000 0.0 180
-0.03 -0.45 -0.25 001 -1.286 -5.8 72.0 000 33 000 0.0 180

00;20:50 -2 -122 45 0 0.03 -0.44 -0.22 000 -1.408 -1.2 72.0
00:21:00 -3 -122 45 0

072 29 000 0.0 180
0.11 -0.41 -0.20 000 -1.326 2.6 87.0 072 35

00:21:10
000 0.0

-5
180

-121 44 0 0.05 -0.35 -0.20 360 -0.983 5.9 99.0 072 40

F

000 0.0 180
:21:20 -6 -121 44 0 0.04 -0.29 -0.20 360 -0.572 6.7 99.0 072 38 000 0.0 180
:21:30 -7 -121 44 0 0.17 -0.24 -0.21 360 -0.181 5.9 99.0 072 34 000 0.0

0:21:40
180

-8 -119 45 0 0.27 -0.18 -0.21 360 0.161 4.5 99.0
00:21:50 -9 -118 45

072 42 000 0.0
0

180
0.17 -0.14 -0.20 360 0.413 1.9 99.0 119 49

00:22:00
000 0.0

-lo
180

-118 45 0 0.12 -0.11 -0.18 360 0.466 -0.2 53.0
00:22:10

119 38 000 0.0
-11

180
-117 45 0 0.21 -0.10 -0.16 360 0.391 -0.2 77.0 119 45 000 0.0 180

00:22:20 -11 -116 45 0 0.25 -0.10 -0.15 360 0.310 -0.8 62.0 119 31 000 0.0
00:22:30 -12 -114 45 0

180
0.28 -0.09 -0.12 000 0.235 -1.5 62.0 087 31 000 0.0

00:22:40 -12
180

-113 45 0 0.23 -0.06 -0.10 000 0.248 -2.3 100.0 087 44
00:22:50

000 0.0
-13

180
-112 44 0 0.03 -0.02 -0.05 000 0.202 -6.1 100.0 087 35 000 0.0 180

00:23:00 -13 -112 44 0 -0.10 0.00 -0.01 000 0.083 -3.3 97.0
00:23:10 -13

061 34 000 0.0 180
-113 44 0 -0.09 0.03 0.02 000 0.078 -3.2 97.0

00:23:20 -13
061 41 000 0.0 180

-113 45 0 -0.11 0.06 0.05 000 0.059 -3.4 97.0 061 39 000 0.0
00:23:30 -12 -114 45 0

180
-0.06 0.08 0.08 000 -0.024 -2.6 97.0 031 46

00:23:40 -12
000 0.0 180

-114 45 0 -0.04 0.09 0.11 000 -0.090 -1.3 97.0
00:23:50 -11

031 41 000 0.0 180
-114 45 0 -0.04 0.11 0.13 000 -0.127 -1.0

00:24:00
97.0

-11 -114 46
031 43 000 0.0

0
180

0.04 0.13 0.14 000 -0.077 -1.0
00:24:10 -114 46

97.0 031 43 000 0.0
-lo 0

180
0.06 0.16 0.15 “000 0.040 -1.9 97.0 088 35

00:24:20 -9 -114 45 0
000 0.0 180

0.12 0.17 0.16 000 0.041 -1.9 49.0 088 35 000 0.0
00:24:30 -8

180
-113 45 0 0.19 0.17 0.17 000 0.036 -2.4 49.0 088 44

00:24:40
000 0.0

-7
180

-112 46 0 0.18 0.18 0.18 000 0.022 -2.4 49.0 088 33 000 0.0
00:24:50 -6

180
-111 46 0 0.13 0.18 0.18 000 -0.014 -2.2 49.0 345 45

00:25:00 -5 -111 46 0
000 0.0 180

0.07 0.17 0.18 000 -0.089
00:25:10

-1.1 49.0
-4

332 34 000 0.0 180
-110 45 0 0.21 0.16 0.18 000 -0.127 -1.1 99.0 332 30 000 0.0 180

00:25:20 -4 -108 45 0 0.34 0.14 0.17 000 -0.215 -0.4 51.0 269 41
00:25:30 -3 -107 46 0

000 0.0 180
0.31 0.12 0.16 000 -0.246 0.3 99.0 215 40

00:25:40
000 0.0

-2
180

-105 46 0 0.32 0.10 0.14 360 -0.257 1.4 77.0 215 34 000 0.0 180
00:25:50 -2 -103 46 0 0.44 0.09 0.12 360 -0.219 1.7 77.0 215 28
00:26:00

000 0.0 180
-1 -101 46 0 0.40 0.09 0.11 360 -0.127 2.1 99.0

00:26:10
187 38 000 0.0

-1
180

-99 45 0 0.25 0.09 0.09 360 -0.035 1.8 99.0 207 36 000 0.0
00:26:20

180
0 -98 46 0 0.16 0.05 0.06 360 -0.115 3.0

00:26:30
99.0 260 44 000 0.0 180

0 -98 46 0 0.05 0.01 0.03 360 -0.121 4.8 99.0 260 35
00:26:40

000 0.0 180
0 -98 46 0 0.00 -0.02 -0.02 360 -0.010 3.4 99.0 260 41 000 0.0 180

00:26:50 0 -98 46 0 0.02 -0.06 -0.05 360 -0.054 3.9 99.0 260 30
00:27:00 -1 -98 45

000 0.0
0

180
-0.07 -0.10 -0.08 360 -0.075 3.6 99.0 260 39 000 0.0 180

00:27:10 -1 -98 45 0 -0.23 -0.13 -0.12 360 -0.076 3.2 99.0 260- 30 000 0.0 180
00:27:20 -2 -100 46 0 -0.25 -0.16 -0.15 360 -0.048
00:27:30

3.6 99.0 260 31 000 0.0 180
-3 -101 46 0 -0.21 -0.14 -0.17 360 0.199 2.5 99.0 099 31 000 0.0 180

00:27:40 -3 -102 46 0 -0.10 -0.10

E

-0.16 360 0.431 -0.8 99.0 052 33 000 0.0 180
:27:50 -4 -102 46 0 -0.01 -0.07 -0.14 360 0.450 -4.4 99.0 052 35 000 0.0 180
:28:00 -5 -102 45 0 -0.12 -0.04 -0.10 000 0.385 -3.9 99.0 125 30 000 0.0 180

00:28:10 -5 -103 45 0 -0.18 -0.01 -0.07 000 0.357 -3.9 99.0 125 50 000 0.0 180
00:28:20 -5 -104 46 0 -0.21 0.02 -0.03 000 0.324 -4.6 99.0 086 40 000 0.0 180
00:28:30 -5 -105 46 0 -0.23 0.04 0.00 000 0.221 -4.5 99.0 036 37 000 0.0 180
00:28:40 -5 -106 46 0 -0.11 0.05 0.04 000 0.063 -4.6 99.0 036 35 000 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 DeglMin Deg % Deg Knots Deg Knots Deg
---------------------- ------------------------------------------------------------------------------------------------------

‘0:28:50 -4 -106. 45 0 0.03 0.07 0.08 000 -0.041 -3.3 99.0
;29:00

036 40
-106 45

000 0.0 180
-4 0 0.17 0.09 0.10 000 -0.089 -3.4 99.0 036 33 000 0.0 180

IJO:29:1O -3 -105 46 0 0.20 0.11 0.12 000 -0.069 -3.0 99.0 089 44 000 0.0 180
00:29:20 -3 -104 46 0 0.23 0.15 0.15 000 0.018 -3.4 99.0 089 28 000 0.0 180
00:29;30 -2 -102 46 0 0.36 0.19 0.18 000 0.082 -3.6 99.0 089 34 000 0.0 180
00:29:40 -1 -100 46 0 0.39 0.23 0.21 000 0.133 -4.3 99.0 089 42 000 0.0 180
00:29:50 0 -98 45 0 0.33 0.27 0.24 000 0.178 -5.0 99.0 089 40 000 0.0 180
00:30:00 2 -97 46 0 0.32 0.28 0.26 000 0.101 -5.4 99.0 272 44 000 0.0 180
00:30:10 3 -95 46 0 0.23 0.24 0.27 000 -0.189 -3.9 99.0 216 33 000 0.0 180
00:30:20 4 -95 46 0 0.08 0.20 0.26 000 -0.364 -2.2 99.0 216 41 000 0.0
00:30:30

180
6 -94 46 0 -0.01 0.18 0.25 000 -0.448 -0.4 99.0 216 43 000 0.0 180

00:30;40 7 -95 45 0 -0.12 0.15 0.24 000 -0.611 2.0 99.0 216 35 000 0.0 180
00:30:50 8 -96 45 0 -0.22 0.12 0.22 360 -0.659 3.9 99.0 216 42 000 0.0 180
00:31:00 8 -97 46 0 -0.21 0.10 0.20 360 -0.595 5.6 99.0 176 47 000 0.0 180
00;31:10 9 -98 46 0 -0.12 0.16 0.19 360 -0.192 5.1 99.0 065 35 000 0.0 180
00:31:20 10 -98 46 0 -0.13 0.20 0.18 360 0.136 3.3 99.0 065 44 000 0.0 180
00:31:30 11 -99 45 0 -0.24 0.18 0.16 360 0.133 3.4 99.0 270 39 000 0.0 180
00:31:40 12 -101 45 0 -0.33 0.14 0.14 360 0.034 3.3 99.0 270 37 000 0.0 180
00:31:50 13 -1o2 46 0 -0.34 0.10 0.11 360 -0.046 3.5 99.0 270 43 000 0.0 180
00:32:00 13 -104 46 0 -0.21 0.06 0.08 360 -0.120 4.6 99.0 270 34 000 0.0 180
00:32;10 13 -105 46 0 -0.20 0.02 0.04 360 -0.114 4.6 99.0 300 28 000 0.0 180
00:32:20 13 -106 46 0 -0.25 0.00 0.00 360 -0.055 4.8 99.0 300 34 000 0.0 180
00:32:30 13 -107 45 0 -0.14 -0.03 -0.03 360 0.012 4.4 99.0 300 39 000 0.0 180
00:32:40 13 -107 45 0 -0.06 -0.06 -0.07 360 0.056 3.7 99.0 300 45 000 0.0 180
00:32:50 13 -107 46 0 0.07 -0.09 -0.09 360 0.016 3.8 99.0
00:33:00

300 34 000 0.0 180
12 -107 46 0 0.21 -0.13 -0.12 360 -0.051 4.2 99.0 300 40 000 0.0 180

00:33:10 11 -105 46 0 0.31 -0.16 -0.15 360 -0.090 4.8 99.0 240 41 000 0.0 180
00:33:20 10 -104 46 0 0.28 -0.19 -0.18 360 -0.091 4.8 99.0 240 41 000 0.0 180
00:33:30 9 -103 45 0 0,17 -0.23 -0.21 360 -0.125 5.6 99.0 240 36 000 0.0 180
00:33:40 8 -102 46 0 0.09 -0.26 -0.24 360 -0.167 6.4 99.0 240 35 000 0.0 180
00:33;50 7 -102 46 0 0.04 -0.28 -0.26 360 -0.112 6.1 50.0 240 28 000 0.0 180
00:34:00 5 -102 46 0 -0.02 -0.28 -0.29 360 0.095 5.8 50.0 240 30 000 0.0 180
00:34:10 4 -102 46 0 -0.02 -0.27 -0.33 360 0.379 3.6 50.0
00:34:20

240 35 000 0.0 180
2 -102 45 0 -0.01 -0.26 -0.35 360 0.551 1.8 50.0 240 31 000 0.0 180

00:34:30 1 -102 45 0 -0.09 -0.26 -0.36 360 0.636 -0.1 50.0 240 36 000 0.0 180
00:34:40 -1 -1o3 46 0 -0.11 -0.27 -0.36 360 0.616 -2.2 50.0 240 38 000 0.0 180
00;34:50 -3 -103 46 0 -0.09 -0.22 -0.37 000 0.941 -5.6 50.0 240 40 000 0.0 180
00:35:00 -4 -104 46 0 -0.13 -0.09 -0.36 000 1.698 -13.2 50.0 240 26 000 0.0 180
“I:35:1O -5 -104 45 0 -0.14 0.07 -0.31 001 2.404 -27.2 50.0 240 46 000 0.0 180
;35;20 -5 -105 45 0 -0.10 0.22 -0.19 001 2.608 -35.0 50.0 240 35 000 0.0 180

UO:35:30 -5 -105 46 0 0.01 0.37 -0.05 002
00:35:40

2.667 -35.0 0.0 240 38 000 0.0 180
-3 -105 46 0 0.08 0.44 0.10 002 2.179 -35.0 0.0 240 32 000 0.0 180



HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 29 Date: 5 February 1999
Start Time: 10:41
Length of run [sees]: 2595

Ship Condition: draft =13.72 m

Environment
Wind Speed ~ots]: . . . . . . . . . . . . . . . . . . . . . . . . 40 Direction: O

Sea State, Significant wave height [m]:.. 8 Direction: 180

Current Speed [knots] :. . . . . . . . . . . . . . . . . . . . .. 1 Direction: 135

Ship Operator: J.A. Observer: B.K.J

Final Mating, distance between center of buoy and center of moon pool [m]: 1.8

Evaluation:

●
The mating was successful on the third try.
The approach was good up to the buoy, 30 to 40 mfiom the buoy.
When the ship was brought to approximately a stop short of the buoy on approximately
equilibrium heading, the bow fell ofito the port having low RPM, and the rudder power
was not suficient to stop the yaw. Ajler about 25 degrees of yaw the captain put onjidl
power brie~y and thruster to 090 degrees atjidlpower. This stopped the yaw and started
recovering. From thatpoint there was no particular problem as the bow was brought to
starboard to close with the buoy. During the final part of this process the autopilot was
kept on about 356 degrees, and later ac$usted”to357 degrees, and the propeller RPM
was kept at 47 throughout. All acj%stments were made with the thruster vector.
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Shiphandl ing Simulator Sxercise date 6 time: 05-Feb-99
10:41:18

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
raffic ships: 590 Suction Mooring BUOY

Initial conditions: 594 150k tanker in partial load - Suction Mooring
Exercise identification: RUN*29

Time Position (m) RPM speed (I@ots) Turn Rudder Gill Nind

HH:MM:SS
Current

East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
-------------------------- --------------------------------------------------------------------------------------------------

00:20:00 -84 -89 48 0 -0.06 0.27 0.21 358 0.373
00;20:10

-2.4 100.0 118 44 000 1.0 135
-82 -89 48 0 0.03 0.30 0.26 358 0.256 -2.8 100.0 118 31 000 1.0 135

00:20:20 -81 -89 48 0 0.02 0.31 0.31 358 0.010 -1.7 100.0 118 38 000 1.0 135
00:20:30 -79 -89 47 0 0.02 0.32 0.34 358 -0.123 -1.3 76.0 118 34 000 1.0 135
00:20:40 -78 -89 47 0 0.03 0.34 0.37 3S8 -0.174 -0.6 76.0
00:20:50

118 33 000 1.0 135
-76 -89 48 0 0.06 0.34 0.40 358 -0.331 0.5 76.0 118 29 000 1.0 135

00:21:00 -74 -88 48 0 0.11 0.34 0.41 3S8 -0.454 1.9 76.0 118 35 000 1.0 135
00:21:10 -72 -88 47 0 0.03 0.34 0.41 358 -0.425 3.6 76.0 118 40 000 1.0 135
00:21:20 -70 -88 48 0 0.00 0.35 0.41 358 -0.400 4.6 76.0 118 38 000 1.0 135
00:21:30 -68 -87 47 0 0.11 0.34 0.40 358 -0.373 5.7 76.0 118 34 000 1.0 135
00;21:40 -66 -86 48 0 0.18 0.35 0.38 3S8 -0.206 6.2 76.0 118 42
00:21:50

000 1.0
-64

135
-86 47 0 0.09 0.38 0.37 358 0.097 5.3 76.0 118 49 000 1.0 135

00:22;00 -62 -85 48 0 0.06 0.40 0.36 358 0.238 4.3 76.0 118 38 000 1.0 135
00:22:10 -60 -85 48 0 0.16 0.41 0.36 358 0.319 3.1 76.0 118 45 000 1.0 135
00:22:20 -58 -84 48 0 0.19 0.41 0.37 358 0.246 2.7 76.0 ’118 31 000 1.0 135
00:22:30 -56 -82 47 0 0.22 0.37 0.38 358 -0.069 3.0 76.0 158 31 000 1.0 135
00:22:40 -55 -81 48 0 0.13 0.32 0.38 3S8 -0.327 4.4 99.0 161 44
00:22:50

000 1.0 135
-53 -81 48 0 -0.11 0.33 0.36 358 -0.222 5.2 99.0 161 35 000 1.0 135

00;23:00 -51 -82 47 0 -0.29 0.37 0.36 358 0.085 4.3 99.0 091 34 000 1.0 135
00:23:10 -49 -84 47 0 -0.29 0.38 0.36 358 0.075 4.3 99.0 060 41
00;23 :20

000 1.0 135
-47 -85 48 0 -0.29 0.37 0.37 358 0.018 4.5 48.0 060 39 000 1.0 135

00:23:30 -45 -86 48 0 -0.27 0.37 0.36 358 0.059 3.8 48.0 060 46 000 1.0 135
00:23:40 -43 -88 47 0 -0.27 0.39 0.36 358 0.175 3.5 100.0 060 41
00;23 :50

000 1.0 135
-41 -89 48 0 -0.28 0.46 0.37 358 0.557 1.5 100.0 034 43

00:24:00 -39 -90 47
000 1.0

0
135

-0.18 0.47 0.39 358 0.484
00:24:10 -37 -91 48

-0.1 100.0 034” 43 000 1.0
0

135
-0.19 0.46 0.42 3S8 0.267 -0.7 37.0 094 35

00:24:20 -34 -92 47 0
000 1.0 135

-0.12 0.45 0.44 358 0.079 -0.8 27.0 058 35
00:24:30 -32 -92 48 0

000 1.0 135
-0.04 0.42 0.46 358 -0.255 0.1 27.0 058 44

v

:24:40 -30 -92 48 0
000 1.0 135

-0.04 0.36 0.49 358 -0.830 -11.8 27. o 058 33
:24:50 -27 -92 48 0

000 1.0 135
-0.10 0.27 0.63 3S8 -2.269 -24.8 27.0 058 45

0:25:00 -25 -93 47 0
000 1.0 135

-0.14 0.20 0.74 357 -3.465 -13.7 99.0 058 34 000 1.0
00:25:10 -23

135
-93 48 0 0.00 0.19 0.79 357 -3.821 -1.5 99.0 058 30 000 1.0 135

00:25:20 -20 -93 48 0 0,13 0.24 0.76 356 -3.288 7.6 99.0 058 41
00:25:30 -18 -92 47 0

000 1.0 135
0.12 0.29 0.69 355 -2.501 14.8 99.0 117 40 000 1.0 135

00:25:40 -15 -91 48 0 0.16 0.30 0.58 355 -1.807 19.8 49.0 117 34
00:25:50

000 1.0
-13 -90 48 0

135
0.29 0.29 0.46 355 -1.052 22.4 49.0 117 28

00:26:00 -12
000 1.0 135

-88 48 0 0.30 0.32 0.33 355 -0.061 21.6 49.0
00:26:10

117 38 000 1.0
-lo

135
-87 47 0 0.20 0.30 0.22 355 0.459 19.2 0.0 183 36

00:26:20
000 1.0

-9
135

-86 48 0 0.09 0.22 0.14 355 0.494 16.3 100.0 183 44
00:26:30

000 1.0
-8

135
-85 48 0 -0.03 0.19 0.08 355 0.666 11.8 52.0 183 35

00:26:40 -8 -86 48
000 1.0

0
135

-0.10 0.12 0.05 355 0.481 11.4 75.0 183 41 000 1.0
00:26:50 -7

135
-86 47 0 -0.09 0.04 0.01 355 0.187 12.3 52.0 183 30

00:27:00
000 1.0

-7
135

-87 48 0 -0.18 0.00 -0.03 355 0.180 12.9 52.0 183 39
00:27:10 -7 -88 47

000 1.0
0

135
-0.34 0.08 -0.06 355 0.879 10.0 53.0 091 30

00:27:20 -7 -90 48 0
000 1.0 135

-0.34 0.19 -0.05 355 1.504 4.0 100.0 062 31
00:27:30

000 1.0
-6

135
-92 47 0 -0.24 0.20 0.00 356 1.274 -0.6 100.0

00:27:40 -6 -93 48
062 31 000 1.0

0
135

-0.13 0.18 0.07 356 0.681 -2.9 100.0 091 33 000 1.0
00:27:50 -5 -93 48 0

135
-0.07 0.10 0.12 356 -0.067 1.6 52.0 091 35

00:28:00 -4 -94 48
000 1.0

0
135

-0.18 0.12 0.13 356 -0.097 1.7 52.0 090 30
00:28:10

000 1.0
-4

135
-95 47 0 -0.21 0.14 0.15 356 -0.053 1.9 52.0 062 50 000 1.0

00:28:20 -3 -96 48 0
135

-0.21 0.09 0.17 356 -0.450 4.4 52.0 062 40
00:28:30 -2 -97 48 0

000 1.0 135
-0.24 0.08 0.16 356 -0.525 6.2 52.0 062 37

00:28:40 -1 -98 47 0
000 1.0 135

-0.15 0.09 0.16 356 -0.431 7.6 98.0 047 35 000 1.0 135
00:28:50 -1 -98 48 0 -0.03 0.08 0.13 356 -0.358 10.1 51.0 090 40
00:29:00 0 -98 48 0

000 1.0 135
0.06 0.14 0.11 356 0.155 5.5 100.0 090 33 000 1.0

00:29:10 1
135

-98 48 0 0.06 0.19 0.12 356 0.421 2.7 100.0 119 44 000 1.0
00:29:20 1 -97 47 0

135
0.07 0.16 0.14 356 0.090 4.4 100.0 119 28

00:29:30 2 -97 48 0
000 1.0 135

0.17 0.17 0.15 356 0.097 4.0 100.0 119 34 000 1.0 135
00:29:40 3 -95 48 0 0.17 0.17 0.17 356 0.026
00:29:50

4.3 100.0 147 42
4 -95 48

000 1.0
0

135
0.07 0.11 0.17 356 -0.378

00:30:00
7.9 100.0 147 40 000 1.0

4
135

-95 47 0 0.00 0.03 0.13 356 -0.642 16.1 100.0 147 44 000 1.0
00:30:10 4 -95 48 0

135
-0.11 -0.01 0.06 356 -0.446 13.3 100.0 179 33 000 1.0

00:30:20 5 -96 47 0
135

-0.24 0.01 0.04 355 -0.143
00:30:30 5 -97 48

9.7 100.0
0

063 41 000 1.0 135
-0.25 0.03 0.03 355 0.002 9.6 100.0 063 43 000 1.0

00:30:40 5
135

-98 47 0 -0.29 0.07 0.03 356 0.264 8.0 100.0 043 35 000 1.0 135
00:30:50 6 -100 48 0 -0.30 0.10 0.03 356 0.442 6.2 100.0 035 42 000 1.0
00:31:00 6

135
-101 48 0 -0.19 0.11 0.05 356 0.439

P

4.2 100.0 035 47
:31:10

000 1.0
6

135
-102 48 0 -0.06 0.10 0.07 356 0.210

:31:20 7 -102 47
3.1 100.0 105 35 000 1.0

0
135

-0.15 0.07 0.07 356 -0.046 6.0 100.0 181 44
0:31:30

000 1.0
7

135
-103 48 0 -0.24 0.08 0.06 356 0.082 5.3 100.0 357 39 000 1.0 135

00:31:40 8. -104 48 0 -0.26 0.09 0.07 356 0.113
00:31:50

4.6 100.0 357 37 000 1.0
8

135
-106 47 0 -0.21 0.07 0.07 356 -0.044 5-3 100.0 357 43

00:32:00
000 1.0

9
135

-106 48 0 -0.02 0.00 0.06 356 -0.386 14.1 100.0 357 34 000 1.0 135

,$
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Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind Current

HH:NM:SS East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
-------------------------------------------------------------------------------------------------------- --------------------

E

:32:10 9 -106 48 0 0.02 -0.02 -0.01 356
:32:20

-0.052 10.3 100.0 357 28 000 1.0 135
9 -106 48 0 0.00 0.02 0.00 356

:32:30
0.070 -2.6 100.0 357 34 000 1.0 135

9 -106 47 0 0.14 0.05 0.01 356 0.212 3.8 100.0
00:32:40

357 39 000 1.0 135
9 -105 48 0 0.25 0.07 0.01

00:32:50
356 0.362 3.4 100.0 027 45 000 1.0 135

9 -103 48 0 0.33 0.11 0.04 356 0.466 1.7 100.0 124 34 000 1.0 135
00:33:00 9 -101 48 0 0.43 -0.01 0.05 356 -0.387 4.4 100.0
00:33:10

263 40 000 1.0 135
9 -99 47 0 0.48 -0.11 0.03 356

00:33:20
-0.876 7.2 100.0 214 41 000 1.0

8 -97 48
135

0 0.43 -0.10 -0.01 356 -0.559
00:33:30

8.9 100.0 214 41 000 1.0 135
8 -95 48 0 0.29 -0.18 -0.06 355

00:33:40
-0.756 12.2 100.0 214 36 000 1.0 135

7 -94 48 0 0.19 -0.27 -0.12 355 -0.946 15.9 100.0 214 35 000 1.0 135
00:33:50 6 -93 47 0 0.11 -0.25 -0.18’ 355
00:34:00

-0.409 16.1 100.0 149 28 000 1.0 135
5 -93 48 0 0.01 -0.21 -0.22 355 0.111 14.1 100.0 149 30 000 1.0 135

00:34:10 4 -93 48 0 -0.04 -0.18 -0.24 355
00:34:20 3

0.387 11.5 100.0
-93 47

149 35 000 1.0 135
0 -0.05 -0.19 -0.24 355 0.345 11.1 100.0 103 31 000 1.0 135

00:34:30 2 -94 47 0 -0.15 -0.14 -0.23 355 0.610 8.3 100.0 114 36 000 1.0 135
00:34:40 1 -95 48 0 -0.15 -0.08 -0.20 355 0.809 4.4
00:34:50 0

51.0
-96 48

083 38
0

000 1.0 135
-0.14 -0.06 -0.17 356 0.668 2.3 51.0 058 40 000 1.0 135

00;35:00 o -96 47 0 -0.19 -0.07 -0.13 356 0.393 2.8 51.0 094 26 000 1.0 135
00:35;10 -1 -98 48 0 -0.25 -0.10 -0.10 356 -0.048 4.7
00:35:20

51.0 066 46 000 1.0
-1 -99 47

135
0 -0.26 -0.11 -0.07 356 -0.253 6.1

00:35:30 -2 -100 48
99.0 066 35 000 1.0 135

0 -0.23 -0.13 -0.06 356 -0.430 8.2 100.0 066 38 000 1.0 135
00:35:40 -2 -101 47 0 -0.24 -0.08 -0.05 356 -0.171 8.2 100.0 066 32 000 1.0 135
00:35:50 -2 -103 48 0 -0.29 0.01 -0.04 356 0.303 6.1 100.0 066 34 000 1.0 135
00;36:00 -2 -104 48 0 -0.34 0.09 -0.02 356 0.658 3.3 100.0 066 40 000 1.0 135
00:36:10 -1 -106 48 0 -0.16 0.13 0.03 356 0.635 -0.8 100.0 066 42 000 1.0 135
00:36:20 -1 -106 47 0 0.09 0.08 0.07 356 0.068 1.5 52.0 066 37 000 1.0 135
00:36:30 -1 -105 48 0 0.13 0.07 0.08 356 -0.091 3.5 52.0 066 34 000 1.0 135
00;36:40 o -104 48 0 0.17 0.06 0.09 356 -0.179 4.0 52.0 066 34 000 1.0 135
00:36:50 0 -104 47 0 0.18 0.05 0.08 356 -0.213 5.2 52.0 066 35 000 1.0 135
00:37:00 0 -103 48 0 0.17 0.07 0.08 356 -0.054 4.3 52.0 066 47 000 1.0 135
00:37;10 1 -102 48 0 0.22 0.01 0.08 356 -0.433 6.7 52.0 066 25 000 1.0
00:37:20

135
0 -100 48 0 0.26 -0,.13 0.05 356 -1.164 11.9 52.0 066 46 000 1.0 135

00:37;30 o -99 47 0 0.22 -0.12 -0.01 355 -0.720 13.9 52.0 066 41 000 1.0 135
00:37:40 0 -98 48 0 0.14 -0.06 -0.06 355 -0.002 11.3 52.0
00:37:50 -1 -98 47 0

142 40 000 1.0 135
0.10 -0.07 -0.09 355 0.112 10.2 73.0

00:38:00 -1 -97 48
089 46 000 1.0 135

0 0.12 -0.04 -0.10 355 0.331 7.3 73.0
00:38:10 -2 -97 47

089 45 000 1.0 135
0 0.10 -0.04 -0.09 355 0.321 6.3 73.0

00:38;20 -2 -96 48
089 38

0
000 1.0 135

0.06 -0.02 -0.08 356 0.365 3.0 73.0
0:38:30

b

-2 -96 48 0
118 40 000 1.0 135

0.10 0.00 -0.05
:38:40

356 0.288 4.0
-2

99.0
-95 48

118 32 000 1.0 135
0 0.03 -0.02 -0.03 356 0.036 7.9 99.0

0:38:50 -2 -96 48
118 34 000 1.0 135

0 -0.12 0.01 -0.07 356 0.555 19.0 99.0
00:39:00 -2 -97 48

118 40 000 1.0 135
0 -0.22 0.07 -0.12 356 1.198

00:39:10
15.1 99.0 118 36

-2
000 1.0 135

-98 48 0 -0.32 0.15 -0.13 356 1.763 10.5 99.0
00:39:20 -2 -1oo 47

118 41 000 1.0 135
0 -0.32 0.19 -0.11 356 1.879 4.5 99.0

00:39:30
065 32 000 1.0 135

-2 -101 47 0 -0.31 0.21 -0.05 357 1.666 0.0 99.0
00:39:40

065 44 000 1.0 135
-1 -103 48 0 -0.26 0.21 0.02 357

00:39:50
1.205 -3.4 99.0 065 49

0
000 1.0 135

-104 48 0 -0.10 0.20 0.10 357 0.650 -5.4 99.0
00:40:00 0 -104 47 0

041 38 000 1.0 135
0.05 0.22 0.16 357 0.367 -5.0 99.0

00:40:10
041 35 000 1.0 135

2 -103 48 0 0.08 0.24 0.22 357 0.093 -3.9 99.0 359 37 000 1.0 135
00:40:20 3 -103 47 0 0.11 0.20 0.26 357 -0.390 -1.1 99.0
00:40:30

359 34
4

000 1.0 135
-102 48 0 0.28 0.13 0.27 357 -0.938 2.1 99.0 182 37 000 1.0

00:40:40
135

5 -1oo 47 0 0.29 0.08 0.26 357 -1.169 6.3
00:40:50

99.0 182 37
5

000 1.0 135
-99 48 0 0.22 0.04 0.23 357 -1.199 11.0

00:41:00
99.0 182 34

6
000 1.0 135

-98 48 0 0.15 0.01 0.16 356
00:41:10

-0.976 15.8
6

99.0
-97 47

182 32 000 1.0 135
0 -0.04 0.05 0.08 356 -0.158 14.2 99.0

00:41:20 7
182 39 000 1.0 135

-98 48 0 -0.12 0.11 0.04 ’356 0.388 7.5 99.0 182 33
00:41:30 7

000 1.0 135
-98 48 0 -0.04 0.05 0.04 356 0.066 8.1

00:41:40
99.0 182 34

7
000 1.0 135

-98 48 0 -0.01 0.00 0.00 356 0.002
00:41:50 7

11.0 99.0
-99 47

182 36
0

000 1.0 135
-0.10 0.01 -0.02 356 0.176 7.5

00:42:00
99.0 182 37

7
000 1.0 135

-1oo 47 0 -0.19 -0.03 -0.04 356 0.042 8.7 99.0
00;42:10 7 -101 48 0 -0.22

272 28 000 1.0 135
-0.06 -0.06 356 0.002 9.0 99.0

00:42:20 6
272 38 000 1.0 135

-102 48 0 -0.24 -0.12 -0.09 356 -0.245 10.6 99.0
00:42:30

272 39 000 1.0 135
6 -103 47 0 -0.36 -0.23. -0.12 356 -0.627 12.6 99.0 272 44

00:42:40 5 -106 48 0
000 1.0 135

-0.43 -0.24 -0.15 356 -0.571 13.8 99.0
00:42:50 4 -108 47

272 36 000 1.0 135
0 -0.44 -0.26 -0.19 356 -0.441 15.1 99.0 272 30 000 1.0

00:43:00
135

3 -110 48 0 -0.49 -0.27 -0.23 356 -0.250 15.7 99.0
00:43:10 2 -113 47

272 40 000 1.0 135
0 -0.48 -0.27 -0.27 356 0.006 15.8 99.0 272 29 000 1.0 135
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● Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, paflial load

●

Start Time [hrs:min:sec]: 00:20:00
End Time [hrs:min:sec]: 00:43:15
Delta Plot ~ime [see]: 30

●
Date: 05-Feb-99 Time: 10:41:18

East-West Scale [m]: 926.
East-West Scale [Nm]: 0.5000
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HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 30 Date: 5 February 1999
Start Time: 11:37
Length of run [sees]: 1530

Ship Condition: draft =13.72 m

Environment
Wind Speed ~ots]: . . . . . . . . . . . . . . . . . . . . . . . . 40 Direction: O

Sea State, Significant wave height [m]:.. 8 Direction: 180

Current Speed”~ots]: . . . . . . . . . . . . . . . . . . . . .. 1 Direction: 135

Ship Operator: J.A. Observer: B.K.J

Final Mating, distance between center of buoy and center of moon pool [m]: 2.0

Evaluation:

Mating in thefirst try.
The captain had afast approach by holding speed larger and backing down at 150 m

from the buoy. First repositioned the moon pool a little on the current side and with an
equilibrium heading on the autopilot at 357 degrees and RPM 45, then he made all other
maneuvers with the thruster vector.
The simulation ran 15 min too long.
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Shiphandling Simulator
●

Ship : 591 150,000 ton, Tanker, partial load
Exercise number: 754 Suction Mooring System

k

cenario: .112 Open Ocean
Ig 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: . RwJ&3Q

Time
HH:NN:SS
---------

00:03:20
00:03:30
00:03:40
00:03:50
00:04:00
00:04:10
00:04:20
00:04:30
00:04:40
00:04:50
00:05:00
00:05:10
00:05:20
00:05:30
00:05:40
00:05:50
00:06:00
00:06:10
00:06:20
00:06:30
00;06:40
00;06:50
00:07:00
00:07:10
00:07;20
00:07:30
00:07:40
00:07:50

h

0:08:00
:08:10
:08:20

00:08:30
00:08:40
00:08:50
00:09:00
00;09 :10
00:09:20
00:09:30
00;09;40
00:09:50
00:10:00
00;10;10
00:10:20
00:10:30
00:10:40
00:10:50
00:11:00
00:11;10
00:11:20
00:11;30
00:11:40
00:11:50
00:12:00
00:12:10
00:12:20
00:12:30
00:12:40
00:12:50
00:13:00
00:13:10
00:13:20
00:13:30
00:13:40
00:13:50
00:14:00
00:14:10
00:14:20

b

:14:30
,14:40
:14:50

00:15:00
00:15:10
00:15:20

Positi
East

,-------

12
12
11
11
11
11
10
10
9
8
8
7
6
5
4
4
3
3
2
2
2
2
1
1
1
1
1
1
0
0
-1
-1
-2
-2
-3
-3
-4
-5
-6
-7
-8
-9

-lo
-12
-12
-13
-14
-15
-15
-15
-15
-15
-14
-14
-13
-13
-12
-11
-lo
-9
-8
-7
-6
-5
-3
-2
-1
0
1
2
3
4
5

ion (m)
North

----------

-581
-557
-534
-511
-489
-468
-446
-425
-404
-383
-363
-342
-322
-303
-285
-268
-251
-236
-220
-206
-193
-180
-168
-157
-147
-138
-130
-123
-118
-114
-111
-109
-108
-109
-108
-107
-106
-105
-104
-104
-104
-103
-102
-101
-1oo
-99
-97
-96
-95
-95
-94
-93
-92
-91
-91
-91
-91
-91
-91
-92
-92
-92
-91
-91
-91
-92
-92
-92
-92
-93
-93
-94
-95

RPM
Port Stbd
--------------

52 0
52 0
52 0
52 0
52 0
52 0
52 0
52 0
52 0
48 0
48 0
48 0
30 0
29 0
29 0
29 0
29 0
29 0
29 0
28 0
0 0
0 0

-21 0
-51 0
-61 0
-62 0
-62 0
-62 0
-62 0
-62 0
-62 0
-49 0
-17 0
46 0
74 0
67 0
44 0
46 0
47 0
47 0
48 0
47 0
47 0
47 0
48 0
47 0
48 0
48 0
47 0
48 0
48 0
47 0
46 0
47 0
47 0
47 0
46 0
46 0
47 0
47 0
46 0
46 0
47 0
47 0
47 0
46 0
45 0
45 0
46 0
46 0
46 0
46 0
46 0

Sp
Long

---------

4.64
4.55
4.42
4.29
4.22
4.19
4.09
4.05
4.02
4.06
4.03
3.89
3.75
3.63
3.42
3.29
3.15
3.00
2.83
2.68
2.55
2.38
2.19
1.99
1.82
1.66
1.43
1.22
0.92
0.71
0.50
0.22
0.01
0.00
0.11
0.27
0.26
0.21
0.11
0.08
0.12
0.20
0.23
0.22
0.25
0.28
0.24
0.22
0.14
0.14
0.20
0.20
0.13
0.08
0.03
0.00

-0.06
-0.06
-0.05
-0.03
-0.02
0.03
0.05

-0.04
-0.07
-0.03
-0.05
-0.05
-0.11
-0.14
-0.15
-0.19
-0.26

leed (Knots)
BOW Stern

--------------.

0.30 0.13
0.18 0.35
0.16 0.53
0.13 0.64
0.12 0.65
0.16 0.57
0.30 0.44
0.38 0.30
0.48 0.19
0.45 0.15
0.35 0.14
0.32 0.16
0.25 0.17
0.22 0.17
0.18 0.17
0.17 0.19
0.14 0.26
0.10 0.34
0.08 0.41
0.07 0.48
0.03 0.51

-0.03 0.49
0.05 0.45
0.16 0.40
0.18 0.33
0.16 0.25
0.21 0.17
0.18 0.10
0.16 0.03
0.09 -0.04
-0.02 -0.11
-0.01 -0.19
-0.05 -0.21
-0.10 -0.10
-0.35 0.24
-0.48 0.37
-0.48 0.29
-0.41 0.12
-0.33 -0.08
-0.17 -0.25
0.05 -0.41
0.13 -0.55
0.26 -0.67
0.45 -0.77
0.50 -0.80
0.39 -0.71
0.28 -0.53
0.16 -0.33
0.08 -0.13
0.01 0.03
-0.03 0.12
-0.01 0.18
0.00 0.20
0.04 0.19
0.06 0.17
0.08 0.16
0.11 0.15
0.19 0.15
0.28 0.09
0.32 0.08
0.35 0.09
0.33 0.13
0.29 0.18
0.27 0.21
0.25 0.23
0.21 0.25
0.18 0.25
0.17 0.24
0.20 0.23
0.18 0.22
0.13 0.20
0.13 0.19
0.07 0.24

Heading
---------

356
355
355
355
354
354
353
353
354
354
354
354
354
355
355
355
354
354
354
354
353
353
352
352
352
351
351
351
352
352
352
352
352
352
352
351
350
350
349
349
349
350
351
352
353
,355
356
356
357
357
357
356
356
356
356
356
356
356
356
356
356
357
357
357
357
357
357
357
357
357
357
357
356

DegfMin
--------

1.115
-1.084
-2.325
-3.204
‘-3.371
-2.614
-0.879
0.491
1.864
1.922
1.326
1.017
0.482
0.299
0.078
-0.140
-0.799
-1.539
-2.100
-2.605
-3.019
-3.270
-2.597
-1.545
-0.940
-0.608
0.239
0.495
0.”866
0.808
0.576
1.128
0.984
-0.030
-3.775
-5.451
-4.886
-3.314
-1.596
0.535
2.913
4.319
5.910
7.801
8.264
6.988
5.182
3.127
1.325

-0.145
-0.954
-1.156
-1.260
-0.925
-0.702
-0.475
-0.270
0.239
1.166
1.524
1.662
1.288
0.727
0.409
0.106
-0.222
-0.445.
-0.434
-0.181
-0.215
-0.464
-0.406
-1.072

Rudde
Deg

--------

-27.3
-26.7
-21.3
-12.6
-2.4
6.9

11.5
11.7
7.9
1.7

-2.6
-6.5
-8.6
-9.7
-10.2
-25.8
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-35.0
-30.6
-27.0
-24.9
-24.9
-26.3
-29.1
-32.2
-33.9
-35.0
-35.0
-35.0
-18.8

0.2
19.2
35.0
35.0
35.0
35.0
35.0
35.0
35.0
18.4
0.5

-15.8
-21.3
-23.6
-13.1
-6.9
-2.9
4.2
6.2
7.4
6.9
5.6

11.8
12.6
6.3
1.9

-0.4
-0.9
-0.9
0.0
1.7
4.0
5.3
4.9
5.5
8.1
0.4

-4.9

Sxercise date & time: 05-Feb-99
11:37:17

x Gill Win
% Deg Knots

---------------------

0.0 180 40
100.0 180 32
100.0 180 41
100.0 180 31
100.0 180 36
100.0 180 45
100.0 180 35
100.0 180 30
100.0 180 27
100.0 180 36
100.0 180 34
100.0 180 32
100.0 180 34
100.0 180 37
100.0 180 40
100.0 180 43
100.0 180 40
100.0 180 36
100.0 180 34
100.0 180 37
100.0 180 29
100.0 180 35
100.0 180 42
100.0 180 37
100.0 180 32
100.0 180 49
100.0 180 40
100.0 180 46
100.0 180 38
100.0 180 33
100.0 180 43
100.0 180 40
100.0 180 45

0.0 180 36
0.0 180 36
0.0 180 40

100.0 180 44
100.0 180 26
100.0 120 46
100.0 091 32
100.0 091 36
100.0 091 42
100.0 091 40
100.0 118 44
100.0 145 40
100.0 145 36
100.0 145 30
100.0 153 38
100.0 153 32
100.0 121 35
100.0 154 20
100.0 136 39
100.0 136 39
100.0 136 39
100.0 136 38
100.0 150 37
100.0 118 35
100.0 118 35
100.0 151 39
100.0 151 30
100.0 151 34
100.0 151 38
100.0 151 33
100.0 179 35
100.0 179 45
100.0 179 36
100.0 179 34
100.0 179 35
100.0 179 39
77.0 179 46
77.0 179 39
77.0 179 39
52.0 179 43

d
Deg
------

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

Current
Knots Deg

------------

1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 13s
1.0 135
1.0 13:
1.0 135

1.0 135
1.0 135

1.0 135
1.0 135
1.0 135
1.0 13:
1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 135
1.0 13:
1.0 13E
1.0 135
1.0 13:
1.0 13:
1.0 13:
1.0 13:
1.0 135
1.0 13:
1.0 13:
1.0 13:
1.0 13:
1.0 13:
1.0 135
1.0 13:
1.0 13:
1.0 13:
1.0 135
1.0 13E
1.0 13:
1.0 13:
1.0 13:
1.0 135
1.0 13:
1.0 13:
1.0 13:
1.0 13:
1.0 132
1.0 13:
1.0 13:
1.0 13:
1.0 13:
1.0 13:
1.0 13!
1.0 13:
1.0 13!
1.0 13:
1.0 13:
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Time Position (ml RPM Speed (Knots} Turn Rudder Gill Wind Current
HH:NM:SS East North Port Stbd Long Bow Stern Heading Deg/14in Deg % Deg Knots Deg Knots Deg
-----------------------------------------------------------------------------------------------------------------------------

h
0;15:30
:15:40
:15:50

00:16:00
00:16:10
00:16:20
00:16:30
00:16:40
00:16:50
00:17:00
00:17:10
00:17:20
00:17:30
00:17:40
00:17:50
00:18:00
00:18:10

D

D

6
7
8
9
10
10
11
12
12
13
13
13
14
14
14
13
13

-97
-98
-99

-1oo
-101
-101
-1oo
-1oo
-99
-99
-97
-96
-94
-92
-90
-88
-86

45 0
45 0
46 0
46 0
46 0
46 0
46 0
45 0
46 0
46 0
46 0
46 0
46 0
45 0
45 0
46 0
46 0

-0.29
-0.28
-0.19
-0.12
-0.06
-0.01
0.07
0.08
0.12
0.23
0.25
0.28
0.37
0.43
0.45
0.38
0.37

0.06
0.05
0.09
0.10
0.13
0.16
0.14
0.13
0.10
0.08
0.09
0.08
0.08
0.03

-0.03
-0.02
0.02

0.28
0.28
0.26
0.22
0.18
0.15
0.13
0.11
0.10
0.08
0.06
0.06
0.05
0.05
0.04
0.02
0.00

356
356
256
3.56
356
356
356
356
356
356
356
356
356
356
356
356
356

-1.398
-1.479
-1.079
-0.772
-0.289
0.049
0.044
0.104
0.047
0.018
0.139
0.172
0.173

-0.104
-0.425
-0.205
0.104

-0.3
4.7
7,8

10.2
9.4
7.5
7.5
6.5
6.9
7.2
6.1
5.5
5.1
5.9
7.8
8.5
7.5

0.0
48.0
48.0
48.0
48.0
48.0
48.0
48.0
48.0
48.0
48.0
48.0
48.0
48.0
48.0
48.0
48.0

129
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

36
51
34
30
39
37
34
46
40
43
43
36
47
31
38
27
33

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135

—

,.,

,.

2

——. ——-—-— ———. ——. —.....- ——-. — . . --- _... =_ . . .. . . . . . . . . .—-- .—.—. —



Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Date: 05-Feb-99 Time:

. :

1-OO;07:20

00:06:50

00:06:20

00:05:50

00:05:20

00:04:50

0():04:20

00:(13:50
Start Time [hrs:min:sec]: 00:
End Time [hrs:min:sec]: 00:

\\\ I l\\\ 00:0DeItaPlotTime [see]:

11:3 East-West Scale [m]:
East-West Scale [NmJ: oII rl

37:17
IIT

03:20
18:20

30
926.

.5000
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HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 31 Date: 5 Februa~ 1999
Start Time: 13:18
Length of run [sees]: 4566

Ship Condition: draft =13.72 m

Environment
Wind Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . . . 40 Direction: O

Sea State, Significant wave height [m]:.. 8 Direction: 180

Current Speed ~ots]: . . . . . . . . . . . . . . . . . . . . .. 1 Direction: 90

Ship Operator: J.A. Observer: B.K.J

Final Mating, distance between center of buoy and center of moon pool [m]: 1.9

Evaluation:

The approach and initialpositioning near the buoy was no problem. The same applies to
get into the camera view. It took many cycles of ship motion to get small waves when the
buoy was near the center of the moon pool.
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Shiphandl ing Simulator Exercise date & time: 05-Feb-99

Ship :
13:18:37

591 150,000 ton, Tanker, partial load
Sxercise number: 754 Suction Mooring System
?cenario:

)

.112 Open Ocean
]g 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: R(LO &31

Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind

HH:MM:SS
Current

East North Port Stbd Long Bow Stern Heading DeglMin Deg % Deg Knots Deg Knots Deg
----------------------------------------------------------------------------------------------------------------------------

00:41:40 10 -102 45 0 0.34 -0.14 -0.14 354 -0.046 24.9 53.0
00:41:50

000 36 000 1.0 090
9 -1oo 45 0 0.29 -0.07 -0.17 354 0.660 21.8 99.0 091 37 000 1.0 090

00:42:00 ‘ 8 -99 45 0 0.21 -0.02 -0.17 354 0.952 16.6 99.0
00:42:10

091 28 000 1.0 090
8 -98 44 0 0.14 0.04 -0.13 354 1.059 10.3 99.0

00;42 :20
089 38 000 1.0 090

7 -98 44 0 0.11 0.02 -0.07 354 0.559 9.8 99.0 089 39 000 1.0 090
00:42:30 7 -97 44 0 -0.02 -0.04 -0.03 354 -0.094 17.8 99.0 089 44 000 1.0 090
00:42:40 7 -98 44 0 -0.11 0.01 -0.04 354 0.289 12.8 99.0 063 36 000 1.0
00:42:50

090
7 -98 45 0 -0.10 0.04 0.00 354 0.265 11.5 99.0 063 30

00:43:00
000 1.0 090

7 -99 45 0 -0.14 0.14 -0.07 354 1.353 19.3 99.0 063 40 000 1.0 090
00:43:10 8 -1oo 45 0 -0.13 0.25 -0.12 355 2.305 6.5 99.0 088 29 000 1.0 090
00:43:20 8 -1oo 45 0 -0.14 0.34 -0.11 355 2.832 -1.5 99.0 058 40 000 1.0
00:43:30

090
9 -101 45 0 -0.04 0.40 -0.03 356 2.691 -8.4 99.0 058 30 000 1.0 090

00:43:40 10 -1oo 45 0 0.11 0.42 0.11 356 1.931 -7.1
00:43:50

99.0 058 29 000 1.0 090
11 -1oo 44 0 0.16 0.33 0.21 356 0.774 -5.9 99.0 273 37 000 1.0 090

00;44 :00 13 -99 44 0 0.17 0.18 0.28 356 -0.638 -0.8 99.0 227 49 000 1.0 090
00:44:10 14 -98 44 0 0.18 0.07 0.30 356 -1.510 6.8 99.0 227 34 000 1.0 090
00;44 :20 15 -97 45 0 0.13 0.05 0.29 356 -1.560 13.4
00:44:30

99.0 227 49 000 1.0 090
15 -96 45 0 -0.02 0.04 0.25 355 -1.348 20.0 99.0 227 40 000 1.0

00:44:40
090

16 -97 45 0 -0.06 -0.03 0.19 355 -1.360 24.1
00:44:50

99.0 227 39 000 1.0 090
16 -97 45 0 -0.04 -0.08 0.13 355 -1.319 30.4 99.0 227 41 000 1.0 090

00;45:00 16 -97 45 0 -0.06 -0.09 0.07 355 -1.036 24.2
00;45 :10

99.0 227 33 000 1.0 090
16 -97 45 0 0.01 -0.13 0.01 355 -0.841 .22.5

00;45:20
99.0 227 44 000 1.0 090

16 -97 44 0 0.01 -0.18 -0.02 355 -1.011 20.4 99.0 292 32 000 1.0 090
00:45:30 15 -97 44 0 -0.11 -0.15 -0.05 354 -0.624 16.6 99.0 292 37 000 1.0 090
00;45:40 15 -98 44 0 -0.10 -0.12 -0.12 354 0.030
00:45:50

11.6
14

99-0 292 37 000 1.0 090
-99 45 0 -0.01 -0.28 -0.11 354

00;46:00
-1.132 20.3 99.0 292 42 000 1.0 090

13 -99 45 0 -0.03 -0.35 -0.12 354 -1.473
00;46:10

24.8 52.0 292 41 000 1.0 090
12 -99 45 0 -0.16 -0.38 -0.17 354 -1.356 27.0 52.0 292 49 000 1.0

II

0:46:20
090

10 -101 45 0 -0.36 -0.31 -0.28 354 -0.147 25.2 52.0 091 28 000 1.0 090
:46:30 9 -103 45 0 -0.43 -0.08 -0.36 354 1.733

0:46:40
18.0 99.0

0
091 40 000 1.0 090

-105 45 0 -0.43 -0.02 -0.38 354 2.340 9.9 52.0 091 44 000 1.0 090
00:46:50 8 -108, 45 0 -0.43 0.04 -0.37 355 2.614 1.7
00:47:00

99.0 041 40 000 1.0 090
7 -110 44 0 -0.33 0.09 -0.32 355 2.579

00:47:10
-8.0 99.0

7
000 39 000 1.0 090

-111 44 0 -0.24 0.09 -0.23 355 2.026 -16.1 99.0 036 36 000 1.0
00:47:20

090
7 -112 44 0 -0.14 0.11 -0.10 356

00:47:30 7
1.357 -23.5 99.0 036 40 000 1.0 090

-113 45 0 -0.07 0.07 0.05 356 0.109 -17.5 99.0 000 37 000 1.0 090
00:47:40 7 -113 45 0 -0.06 -0.03 0.18 356 -1.376 1.5 99.0 000 41 000 1.0 090
00:47:50 8 -113 45 0 0.03 -0.05 0.20 355 -1.600 17.3 99.0 000 33 000 1.0 090
00:48:00 8 -113 45 0 0.09 -0.02 0.20 355 -1.412 10.3
00:48:10 8

99.0 000 32 000 1.0 090
-112 45 0 0.15 -0.06 0.21 355 -1.696 13.6 99.0 000 32 000 1.0 090

00:48:20 9 -111 45 0 0.26 -0.15 0.19 355 -2.194 17.5 74.0 000 35 000 1.0 090
00:48:30 8 -109 45 0 0.31 -0.16 0.15 354 -1.966 21.7
00:48:40 8

49.0 000 32 000 1.0 090
-108 44 0 0.27 -0.03 0.09 354 -0.801 21.5 27.0 000 39 000 1.0 090

00:48:50 8 -107 44 0 0.30 0.02 0.04 354 -0.156 20.3 52.0 000 41 000 1.0 090
00:49:00 8 -105 45 0 0.39 -0.01 0.01 354 -0.101 20.0
00:49:10 8

27.0 000 39 000 1.0 090
-103 45 0 0.36 -0.05 -0.03 354 -0.136 20.7 27.0 033 33 000 1.0 090

00:49:20 7 -101 45 0 0.37 -0.10 -0.05 354 -0.310 21.8
00:49:30

99.0 086 39 000 1.0 090
7 -99 45 0 0.37 -0.12 -0.08 354 -0.277 22.8

00:49:40
99.0

6 -98 45 0
121 42 000 1.0 090

0.18 -0.10 -0.10 354 -0.023 22.7 99.0 121 30 000 1.0 090
00:49:50 6 -97 45 0 -0.06 -0.03 -0.09 354 0.424 15.2 99.0 090 28
00:50:00

000 1.0 090
5 -98 45 0 -0.11 -0.01 -0.10 354 0.599 14.7 99.0 062 32 000 1.0 090

00:50:10 5 -99 44 0 -0.08 0.00 -0.08 354 0.515 11.5
00:50:20

99.0 062 26 000 1.0 090
5 -99 44 0 0.01 0.01 0.01 354 0.031

00:50:30
-0.9 99.0

5
062 45 000 1.0 090

-99 44 0 0.00 0.01 0.06 354 -0.321 18.1 99.0 062 36 000 1.0
00:50:40 6

090
-99 45 0 -0.11 0.17 0.05 354 0.755 12.3 99.0 091 33 000 1.0

00:50:50
090

6 -99 45 0 -0.07 0.29 0.06 354 1.475 4.3 99.0 091 40 000 1.0 090
00:51:00 7 -99 45 0 -0.02 0.31 0.13 354 1.103 3.6 99.0 059 41
00:51:10

000 1.0 090
9 -99 45 0 0.06 0.30 0.19 355 0.690 4.0

00:51:20
99.0 059 41 000 1.0 090

10 -99 45 0 0.10 0.23 0.25 355 -0.096
00:51:30

6.5 99.0 059 38 000 1.0 090
11 -98 45 0 0.08 0.20 0.27 355 -0.494

00:51:40
9.7 99.0 059 36 000 1.0

12 -97 44 0
090

0.10 0.21 0.27 355 -0.374 10.1
00:51:50

99.0 263 39 000 1.0 090
13 -97 44 0 0.07 0.14 0.25 354 -0.698 13.4 99.0 263 38 000 1.0 090

00:52:00 14 -96 44 0 0.10 0.03 0.21 354 -1.126 21.4 99.0 238 32 000 1.0
00:52:10 15 -96 45 0

090
0.10 0.04 0.14 354 -0.650 21.3

00:52:20
99.0 220 51 000 1.0 090

15 -95 45 0 0.08 0.08 0.10 354 -0.099
00:52:30

17.9 99.0 220 32 000 1.0 090
15 -95 45 0 0.15 0.03 0.07 354 -0.222 18.5 99.0 220 43 000 1.0 090

00:52:40 15 -94 45 0 0.22 -0.08 0.04 354

v

:52:50
-0.736 22.3 99.0 205 36 000 1.0 090

15 -93 45 0 0.12 -0.13 -0.02 354
:53:00

-0.693 26.5 99.0 205 33 000 1.0 090
14 -93 45 0 -0.04 -0.13 -0.08 354 -0.324 25.6

00:53:10
99.0 221 41 000 1.0 090

14 -93 44 0 -0.10 -0.18 -0.11 354 -0.387 25.7
00:53:20

99.0 210 46 000 1.0 090
13 -94 44 0 -0.22 -0.18 -0.22 354 0.268 22.6 99.0 210 36 000 1.0 090

00:53:30 12 -96 44 0 -0.36 -0.26 -0.31 354 0.351 21.6 99.0 261 37
00:53:40

000 1.0 090
11 -98 44 0 -0.36 -0.32 -0.39 354 0.497 20.2 99.0 323 46 000 1.0 090
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Time Position (m) RPM Speed (Knots) Turn Rudder Gill Wind

HH:NN:SS
Current

East North Port Stbd Long Bow Stern Heading DeglMin Deg % Deg Knots Deg Knots Deg
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k

0:53;50 9 -1oo 45 0 -0.35 -0.26 -0.45 354 1.218 15.9 99.0 019 45 000 1.0 090
:54:00 7 -102 45 0 -0.41 -0.10 -0.48 354
:54:10

2.369 8.0 50.0 019 47 000 1.0
6 -104 45

090
0 -0.45 0.01 -0.45 355 2.897 -1.6 96.0

00:54:20
359 31 000 1.0 090

5 -107 45 0 -0.42 0.00 -0.38 355 2.414 -9.1 100.0 037 41 000 1.0 090
00:54:30 5 -109 45 0 -0.30 0.03 -0.27 356 1.856 -15.8 100.0 037 29 000 1.0 090
00:54:40 4 -110 45 0 -0.15 0.00 -0.13 356 0.836
00:54:50

-19.8 100.0 056 38 000 1.0 090
4 -111 44 0 -0.20 -0.01 -0.02 356

00:55:00
0.027

4
-14.9 100.0 039 33 000 1.0 090

-112 44 0 -0.26 0.01 0.07 356 -0.440 -12.1 100.0 039 35 000 1.0 090
00:55:10 5 -113 44 0 -0.25 -0.01 0.15 356 -1.005 -7.3 100.0
00:55;20

021 35 000 1.0 090
5 -114 42 0 -0.21 0.02 0.18 355 -1.051

00:55:30
-3.2 100.0

6
021 41 000 1.0 090

-115 42 0 -0.07 0.03 0.21 355 -1.125 4.0 100.0
00:55:40

021 40 000 1.0
7

090
-115 42 0 0.04 -0.04 0.22 355 -1.671 18.7 100.0 021 37 000 1.0 090

00:55:50 7 -115 43 0 0.11 0.00 0.21 355 -1.307 14.1 100.0 000 44 000 1.0
00:56:00 8 -114 44

090
0 0.17 0.09 0.20 355 -0.725 10.1 100.0 000 38 000 1.0 090

00:56:10 8 -112 44 0 0.30 0.05 0.20 355 -0.945 11.9 50.0 000 29 000 1.0
00:56:20

090
9 -111 45 0 0.42 0.01 0.19 354 -1.141 14.9 50.0

00:56:30
152 30

9
000 1.0 090

-108 45 0 0.38 -0.01 0.16 354 -1.078
00:56:40

18.5
9

50.0 152 39 000 1.0 090
-107 45 0 0.27 -0.04 0.11 354 -0.969 22.7 50.0 152 31 000 1.0

00:56:50
090

9 -105 45 0 0.29 -0.09 0.06 354 -0.965
00:57:00

25.3
8

50.0 045 38 000 1.0 090
-104 45 0 0.27 -0.17 0.00 354 -1.043

00:57:10
28.5 50.0

8
133 30 000 1.0 090

-103 44 0 0.09 -0.16 -0.07 354 -0.572 31.6 50.0 133 31 000 1.0 090
00:57:20 7 -103 44 0 -0.03 -0.14 -0.13 353 -0.032 28.0 50.0 133 41 000 1.0
00:57:30

090
7 -103 44 0 -0.09 -0.04 -0.16 354 0.731 20.7 50.0 133 37 000 1.0

00:57:40 6 -104 45
090

0 -0.10 0.03 -0.13 354 1.003
00:57:50 6 -104 45

13.6 76.0 063 35
0

000 1.0 090
-0.04 0.01 -0.07 354 0.503 9.0 100.0 063 32 000 1.0

00:58:00
090

6 -104 45 0 0.01 -0.01 -0.02 354 0.055 17.3 100.0
00:58:10

063 33
6

000 1.0 090
-104 45 0 0.00 0.02 0.00 354 0.091 10.1 100.0 035 45 000 1.0

00:58:20
090

6 -104 45 0 -0.03 0.14 0.03 354 0.680 11.0 100.0 058 35
00:58:30

000 1.0 090
7 -104 44 0 -0.07 0.18 0.07 354 0.709 11.6 100.0

00:58:40
058 39 000 1.0

7
090

-105 44 0 -0.13 0.17 0.07 354 0.668 11.4 100.0 037 44 000 1.0 090
00:58:50 8 -105 44 0 -0.01 0.12 0.09 354 0.186 11.8 100.0
00:59:00

037 34
9

000 1.0 090
-105 45 0 0.08 0.11 0.10 354 0.055 13.6 100.0

00:59:10
037 34

9
000 1.0 090

-105 45 0 0.08 0.20 0.12 354 0.486 9.7 100.0
00:59:20 10 -104 45

037 41
0

000 1.0 090
0.16 0.21 0.14 354 0.429 9.1 100.0 325 30

00;59:30
000 1.0 090

11 -103 45 0 0.18 0.18 0.14 354 0.238 9.5 100.0 290 40
00:59:40

000 1.0
12

090
-102 44 0 0.29 0.20 0.14 354 0.386 8.2 100.0 273 35

00:59:50
000 1.0

12
090

-1oo 44 0 0.45 0.09 0.14 354 -0.296 9.7 100.0
01:00:00 12 -97 44 0

227 33 000 1.0 090
0.50 -0.06 0.13 354

II

:00:10
-1.197

12
14.0 100.0 227 46 000 1.0 090

-95 45 0 0.40 -0.08 0.09
:00:20

3s4 -1.065
12 -93 45

18.3 100.0 207 45
0

000 1.0 090
0.20 -0.13 0.04 354 -1.053

:00:30 11
23.9 100.0

-93 45
186 51

0
000 1.0 090

0.15 -0.20 -0.03 354 -1.088 28.3 100.0
01:00:40 11 -92 45

237 35
0

000 1.0 090
0.12 -0.24 -0.10 354 -0.896 29.2 100.0

01:00;50 9 -92 44
237 40

0
000 1.0 090

-0.03 -0.31 -0.17 353 -0.913 31.5 100.0 237 41
01:01:00 8 -92 44

000 1.0
0

090
-0.10 -0.32 -0.23 353 -0.588 31.7 100.0

01:01:10 7 -93 44
327 43

0
000 1.0 090

-0.01 -0.28 -0.27 353
01:01:20

-0.038
5

30.6 100.0 000 29 000 1.0 090
-93 45 0 0.02 -0.18 -0.29 353

01:01:30
0.711 26.4 100.0

4 -93 45
058 40

0
000 1.0 090

0.00 -0.11 -0.28 354 1.065 20.6 100.0 087 31
01:01:40

000 1.0
3

090
-93 45 0 -0.07 -0.07 -0.24 354 1.097 15.8 100.0 138 39 000 1.0

01:01:50 3 -94 45
090

0 -0.19 0.05 -0.25 354
01:02:00

1.904 9.0 100.0 138 43
3 -95 45

000 1.0
0

090
-0.24 0.13 -0.30 354 2.744 17.9 100.0 138 39 000 1.0

01:02:10
090

2 -97 44 0 -0.30 0.16 -0.33 355 3.096 9.5 100.0 138 40 000 1.0
01:02:20

090
2 -98 44 0 -0.38 0.13 -0.31 355 2.806 3.8 100.0 093 37 000 1.0

01:02:30
090

2 -1oo 44 0 -0.44 0.17 -0.27 356 2.780 -2.9 100.0 039 42 000 1.0
01:02:40 2

090
-103 45 0 -0.44 0.25 -0.20 356 2.858 -12.1 100.0

01:02:50
023 28 000 1.0 090

2 -105 45 0 -0.41 0.28 -0.09 357 2.336 -18.9 100.0 023 44 000 1.0
01:03:00

090
3 -107 45 0 -0.28 0.24 0.05 357 1.204 -22.6 100.0

01;03 :10
014 37

4
000 1.0 090

-108 45 0 -0.06 0.18 0.18 357 -0.006 -19.8 100.0 043 .36
01:03:20

000 1.0
5

090
-108 45 0 0.02 0.14 0.33 357 -1.207 -11.7 100.0 029 30

01:03:30
000 1.0

6
090

-107 44 0 0.16 0.13 0.44 357 -1.955 -5.8 100.0
01:03:40

029 38
8

000 1.0 090
-106 44 0 0.21 0.08 0.49 356 -2.632 2.5 74.0

01:03:50 9
302 36 000 1.0 090

-105 44 0 0.13 0.04 0.48 356 -2.780 13.6 74.0
01:04:00 10

302 38 000 1.0 090
-104 45 0 0.13 0.00 0.42 355 -2.630 22.5 99.0

01;04 :10
274 28

11
000 1.0 090

-103 45 0 0.21 -0.12 0.31 355 -2.747 32.4 99.0
01:04:20 11

274 29 000 1.0 090
-102 45 0 0.22 -0.14 0.18 355 -2.032 35.0 99.0 274 33 000 1.0

01:04:30 11
090

-101 45 0 0.09 -0.12 0.04 354 -1.055 35.0 99.0
01:04:40

274 34
11

000 1.0 090
-101 45 0 -0.03 -0.15 -0.07 354 -0.561 35.0 99.0

01:04:50
274 46 000 1.0

10
090

-101 44 0 -0.01 -0.09 -0.16 354 0.410 29.6 99.0 274 29 000 1.0
01:05:00

090
9 -101 44 0 0.04 -0.09 -0.21 354 0.748 25.7 99.0 274 39 000 1.0

01:05:10 8
090

-101 44 0 -0.03 -0.09 -0.23 354 0.840 23.2 99.0
01:05:20 8

042 45 000 1.0 090
-102 45 0 0.00 -0.10 -0.22 355 0.757 20.9 99.0

01:05:30
000 35

7
000 1.0 090

-102 45 0 -0.02 -0.11 -0.21 355 0.636 20.2 99.0 000 36 000 1.0 090
01:05:40 6 -102 45 0 -0.05 -0.11 -0.20 355 0.591 18.3 99.0 012 38 000 1.0 090
01:05:50 5 -102 45 0 -0.05 -0.11 -0.18 355 0.419 17.6 99.0
01:06:00

072 28
5

000 1.0 090
-103 44 0 -0.18 -0.03 -0.20 355 1.106 13.0 99.0 090 34

01:06:10
000 1.0

4
090

-104 44 0 -0.22 0.07 -0.22 355 1.875 5.3 99-0 032 32 000 1.0
01:06:20

090
4 -105 44 0 -0.16 0.16 -0.20 356 2.242 -7.8 99.0

01:06:30 4 -106 44
044 36

0
000 1.0 090

-0.04 0.15 -0.06 356 1.338 -24.8

P

99.0 044 44 000 1.0 090
:06:40 5 -105 45 - 0 0.08 0.06 0.12 356 -0.386 -5.8 99.0 044 39
:06:50

000 1.0 090
5 -105 45 0 0.14 0.10 0.19 356

1:07:00 6
-0.532 6.0 99.0

-104 45
088 41

0
000 1.0 090

0.14 0.21 0.23 356 -0.103 4.4 99.0 060 40 000 1.0 090
01:07:10 7 -103 45 0 0.17 0.27 0.28 356 -0.032 4.0 84.0
01:07:20 8 -102 44

089 39
0

000 1.0 090
0.33 0.18 0.30 356 -0.768 7.2 51.0

01:07:30 9
342 51 000 1.0 090

-1oo 44 0 0.34 0.07 0.30 356 -1.444 12.8 51.0 271 33 000 1.0 090
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Time Position (m) RPM
HH:MM:SS

Speed (Knots) Turn Rudder Gill Wind Current
East North Port Stbd Long Bow Stern Heading DeglMin Deg % Deg Knots Deg Knots Deg
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b

1:07:40 10 -98 44 0 0.28 0.00 0.25 355 -1.640 19.3
:07:50

98.0 271 33 000 1.0 090
10 -97 45 0 0.29 -0.05 0.18 355

1:08:00

-1.465 23.7 9s.0 243 41 000 1.0 090
11 -96 45 0 0.18 -0.05 0.10 355 -0.909

01:08;10
27.3 98.0 243 41 000 1.0 090

11 -95 45 0 0.05 0.00 0.01 355
01:08:20

-0.109 25.9 98.0 220 40 000 1.0 090
11 -95 45 0 0.06 -0.07 -0.04 355 -0.218

01:08:30
26.3 98.0 249 41 000 1.0 090

10 -94 44 0 0.13 -0.14 -0.10 355 -0.294 26.3 98.0 249 37
01:08:40

000 1.0 090
9 -94 44 0 0.18 -0.09 -0.15 355

01:08:50
0.327 22.4 98.0 297 36 000 1.0 090

9 -93 44 0 0.08 -0.13 -0.17 355
01:09:00

0.223 21.5 98.0 201 42 000 1.0 090
8 -93 45 0 -0.10 -0.14 -0.18 355 0.277 21.0 98.0

01:09:10
177 36 000 1.0 090

7 -94 45 0 -0.20 -0.05 -0.25 355 1.301 14.1 98.0
01:09:20

138 40 000 1.0 090
6 -95 45 0 -0.29 -0.01 -0.28 355

01:09:30
1.705 9.6 98.0 138 35 000 1.0 090

6 -97 45 0 -0.36 0.05 -0.27 355 2.007 3.8 98.0 095 46
01:09:40

000 1.0 090
5 -99 45 0 -0.42 0.06 -0.23 356 1.847 -1.2 98.0

01:09:50
065 33 000 1.0 090

5 -101 44 0 -0.51 0.10 -0.17 356 1.708
01:10:00

-5.1 98.0 065 44 000 1.0 090
5 -104 44 0 -0.47 0.16 -0.10 356 1.638 -10.2 98.0

01:10:10
041 41 000 1.0 090

6 -106 44 0 -0.40 0.19 -0.01 357 1.272 -14.4 98.0
01:10:20

030 41 000 1.0 090
7 -108 45 0 -0.32 0.19 0.09 357 0.613 -15.6 98.0 030 30 000 1.0 090

01:10:30 8 -109 45 0 -0.22 0.17 0.18 357 -0.089 -14.3 98.0
01:10:40

296 27 000 1.0 090
9 -110 45 0 -0.16 0.13 0.23 357 -0.682 -10.2 98.0 296 37

01:10:50
000 1.0 090

9 -111 45 0 -0.01 0.04 0.28 357 -1.469 0.2 98.0
01:11:00

314 31 000 1.0 090
10 -110 45 0 0.11 -0.06 0.29 356 -2.256 12.6 98.0

01:11:10
303 36 000 1.0 090

11 -110 44 0 0.10 -0.09 0.26 356 -2.189 22.5 98.0
01:11:20

304 33 000 1.0 090
11 -110 44 0 -0.04 -0.04 0.15 356 -1.198 30.1 98.0

01:11:30
304 35 000 1.0 090

11 -110 44 0 0.02 -0.03 0.06 355 -0.578 35.0 98.0
01:11:40

326 37 000 1.0 090
11 -109 45 0 0.17 -0.06 0.00 355 -0.342 16.9 98.0

01:11:50
326 52 000 1.0 090

11 -108 45 0 0.20 -0.13 -0.01 355 -0.746 17.1 98.0
01:12:00

326 28 000 1.0 090
10 -107 45 0 0.28 -0.17 -0.03 355 -0.904 19.3 98.0

01:12:10
326 38 000 1.0 090

10 -106 45 0 0.30 -0.14 -0.06 355 -0.511 20.0 51.0 089 33
01;12:20

000 1.0 090
9 -104 45 0 0.23 0.01 -0.06 355 0.434

01:12:30
15.9 100.0 089 32 000 1.0 090

9 -103 44 0 0.20 0.06 -0.04 355 0.633 12.6 100.0 089 35
01:12:40

000 1.0 090
9 -102 44 0 0.21 -0.02 0.00 355 -0.131

01:12:50
15.8 100.0 089 31 000 1.0 090

9 -101 45 0 0.16 -0.02 0.00 355 -0.161 17.5 100.0 089 37
01;13 :00

000 1.0 090
9 -1oo 45 0 0.10 0.02 0.02 355 0.045 15.8 100.0 089 36

01:13:10
000 1.0 090

9 -1oo 45 0 -0.05 0.04 0.03 355 0.062
01:13:20

15.2 100.0 089 33 000 1.0 090
9 -101 45 0 -0.19 0.15 0.00 355 0.979 9.0 100.0 089 39

01:13:30
000 1.0 090

10 -102 45 0 -0.23 0.22 -0.01 355 1.449 4.0 100.0 089 42 000 1.0 090
01:13:40 10 -103 44 0 -0.24 0.31 0.00 356 1.934 -1.8 100.0 089 35
01:13:50

000 1.0 090
12 -104 44 0 -0.13 0.38 0.05 356 2.100

b

1;14:00
-10.3 100.0 089 45 000 1.0 090

13 -104 44 0 -0.09 0.39 0.13 356 1.598
:14:10

-13.1 100.0 089 29 000 1.0 090
14 -105 45 0 -0.09 0.40 0.22 357 1.141 -14.3 100.0 089 37

1;14:20
000 1.0 090

16 -105 45 0 -0.08 0.43 0.31 357 0.764
01:14:30

-15.4 100.0 089 49 000 1.0 090
18 -106 45 0 -0.07 0.42 0.40 357 0.123 -15.0 100.0 089 41

01:14:40
000 1.0 090

20 -106 45 0 0.00 0.36 0.52 357 -1.029 -10.2 100.0 089 37
01:14:50

000 1.0 090
23 -105 45 0 -0.04 0.33 0.61 356 -1.768 -4.6 100.0 089 38

01;15:00
000 1.0 090

25 -106 44 0 -0.10 0.33 0.64 356 -1.951
01:15:10

1.3 100.0 089 39 000 1.0 090
28 -106 44 0 -0.01 0.32 0.65 356 -2.111 8.0 100.0 089 41

01:15:20
000 1.0 090

30 -105 44 0 0.10 0.32 0.63 355 -1.972 13.8 100.0 089 36 000 1.0 090
01:15:30 33 -105 45 0 0.05 0.39 0.59 355 -1.253 17.1 100.0 089 36
01:15:40

000 1.0 090
35 -104 45 0 0.00 0.46 0.54 355 -0.533

01:15:50
18.2 100.0 089 34 000 1.0 090

38 -104 45 0 0.10 0.50 0.49
01:16:00

355 0.062 17.3 100.0 089 40 000 1.0 090
40 -103 45 0 0.16 0.53 0.46 355 0.461 15.8 100.0 089 43 000 1.0 090

)
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Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Date: 05-Feb-99 Time: 13:18:37 I

Start Time [hrs:min:sec]: 00:41:4 C
End Time [hrs:min:sec]: 01:16:0 C
Delta Plot Time [see]: 3C
East-West Scale [m]; 926.
East-West Scale [Nm]: 0.500C
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HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 32 Date: 5 February 1999
Start Time: 14:37
Length of run [sees]: 2760

Ship Condition: draft =13.72 m

Environment
Wind Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . . . 40 Direction: O

Sea State, Significant wave height [m]:.. 8 Direction: 180

Current Speed @nets] :. . . . . . . . . . . . . . . . . . . . .. 1 Direction: 90

Ship Operator: J.A. Observer: B.K.J

Final Mating, distance between center of buoy and center of moon pool [m]: 1.5

Evaluation:

This run was very similar to run # 31.
The captain had to wait for a long time for small waves to occur while the buoy was near
the center of the moon pool.



)g.ilscll . e=. .

Shiphandling Simulator Exercise date & time: 05-Feb-99
14:37:00

Ship: 591 150,000 ton, Tanker, partial load
Exercise number: 754 Suction Mooring System
~cenario:

I

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: mm B32

Time Position (m) RPM Speed (Knots) Turn

HH:NM:SS
Rudder Gill Wind Current

East North Port Stbd Long Bow Stern Heading Deg/Min Deg % Deg Knots Deg Knots Deg
----------- -----------------------------------------------------------------------------------------------------------------

00:25:00 13 -115 43 0 -0.21 0.04 0.29 356 -1.559 9.2 99.0
00:25:10 -116 43

000 34 000 1.0 090
14 0 -0.05 0.06 0.24 356 -1.130 14.6 99.0 340 30 000 1.0 090

00:25:20 15 -115 43 0 0.09 0.08 0.21 355 -0.879 15.1 99.0
00:25:30

331 41 000 1.0 090
16 -115 43 0 0.12 0.06 0.19 355 -0.820 17.5 99.0 306 40 000 1.0 090

00:25:40 16 -114 43 0 0.20 0.00 0.14 355 -0.944 20.0 99.0 306 34 000 1.0 090
00:25:50 16 -113 43 0 0.34 -0.06 0.10 355 -1.015 21.0 99.0 273 28 000 1.0 090
00:26:00 16 -111 43 0 0.33 -0.08 0.04 355 -0.735 22.9 99.0 243 38 000 1.0 090
00:26;10 16 -109 44 0 0.19 -0.12 -0.02 355 -0.654 25.7 99.0
00:26:20

243 36 000 1.0 090
15 -109 44 0 0.07 -0.20 -0.08 355 -0.729 29.7 99.0 243 44 000 1.0 090

00:26;30 14 -109 44 0 -0.08 -0.22 -0.14 355 -0.469 28.8 99.0 243 35 000 1.0 090
00:26:40 13 -110 44 0 -0.10 -0.21 -0.25 355 0.280 25.2 99.0
00:26:50

348 41 000 1.0 090
12 -110 44 0 -0.04 -0.26 -0.26 355 0.016 25.8 99.0

00:27:00
348 30 000 1.0 090

11 -110 46 0 -0.07 -0.27 -0.27 355 -0.011 26.0 99.0
00:27;10

348 39 000 1.0 090
9 -111 46 0 -0.18 -0.10 -0.37 355 1.681 17.6 99.0 308 30 000 1.0 090

00:27:20 8 -112 46 0 -0.14 0.05 -0.42 355 2.927 2.4 99.0
00:27:30

334 31 000 1.0 090
8 -113 46 0 -0.04 0.05 -0.30 356 2.241 -12.1 99.0

00:27:40
049 31 000 1.0 090

7 -113 47 0 0.09 -0.02 -0.10 356 0.515 -4.6 99.0 000 33 000 1.0 090
00;27 :50 7 -112 47 0 0.20 -0.09 -0.02 356 -0.452 6.5 99.0 037 35 000 1.0 090
00:28:00 7 -111 46 0 0.12 -0.02 0.03 356 -0.315 8.8 99.0
00:28:10

058 30 000 1.0 090
7 -110 46 0 0.12 0.06 0.08 356 -0.089 6.9 99.0

00:28:20
058 50 000 1.0 090

7 -110 47 0 0.11 0.05 0.12 356 -0.436 10.4 52.0 085 40 000 1.0 090
00:28:30 6 -109 47 0 0.08 0.06 0.12 356 -0.428 12.8 100.0
00:28:40

033 37 000 1.0 090
8 -109 46 0 0.19 0.08 0.14 355 -0.347 10.9 100.0 033 35 000 1.0 090

00:28:50 8 -107 47 0 0.34 0.08 0.15 355 -0.412 12.0 100.0 000 40 000 1.0 090
00:29;00 9 -105 46 0 0.49 0.12 0.13 355 -0.062 11.4 100.0 267 33 000 1.0 090
00:29:10 9 -102 47 0 0.48 0.12 0.11 355 0.079 11.0 100.0 231 44 000 1.0 090
00:29:20 10 -100 46 0 0.46 0.06 0.10 355 -0.257 11.9 100.0 205 28
00:29:30

000 1.0 090
10 -97 47 0 0.53 0.05 0.08 355 -0.211 12.9 100.0 205 34 000 1.0 090

0:29:40

b

10 -95 45 0 0.51 0.04 0.06 355 -0.149 12.7 100.0 202 42 000 1.0 090
:29:50 10 -92 42 0 0.42 -0.06 0.04 355 -0.650 15.3 100.0 269 40 000 1.0 090

0:30:00 9 -90 43 0 0.37 -0.20 0.02 355 -1.342 20.4 100.0 269 44 000 1.0 090
00:30:10 9 -89 43 0 0.27 -0.26 -0.03 355 -1.456 26.4 100.0 200 33 000 1.0 090
00:30:20 8 -88 43 0 0.09 -0.21 -0.09 355 -0.784 29.5 100.0 200 41 000 1.0 090
00:30:30 7 -88 43 0 -0.03 -0.20 -0.14 355 -0.372 29.1 100.0
00:30:40

154 43 000 1.0 090
6 -88 43 0 -0.16 -0.10 -0.19 355 0.587 23.5 100.0 154 35 000 1.0 090

00:30:50 6 -90 42 0 -0.29 0.01 -0.26 355 1.735 16.2 100.0 144 42 000 1.0 090
00:31:00 5 -91 42 0 -0.25 0.11 -0.28 355 2.440 5.6 100.0 093 47
00:31:10

000 1.0 090
5 -92 43 0 -0.18 0.15 -0.23 356 2.387 -6.3 100.0

00:31:20
093 35 000 1.0 090

5 -93 43 0 -0.24 0.16 -0.16 356 1.991 -7.9 100.0 093 44 000 1.0 090
00:31:30 5 -95 43 0 -0.38 0.22 -0.08 356 1.955
00:31:40

-9.4 100.0 093 39 000 1.0 090
6 -97 43 0 -0.45 0.26 0.00 357 1.618 -13.1 100.0 036 37 000 1.0 090

00:31:50 7 -99 42 0 -0.43 0.19 0.08 357 0.723 -14.9 100.0
00:32:00

306 43 000 1.0 090
7 -101 42 0 -0.28 0.07 0.15 357 -0.505 -11.3 100.0 306 34 000 1.0 090

00;32:10 B -102 43 0 -0.27 -0.01 0.19 357 -1.305 -4.7 100.0 333 28 000 1.0
00:32:20

090
9 -104 44 0 -0.30 0.01 0.21 356

00:32:30
-1.271 -1.5 100.0 333 34 000 1.0 090

9 -105 47 0 -0.17 0.04 0.20 ,.356 -1.025 3.0 100.0 333 39 000 1.0 090
00:32:40 10 -106 46 0 -0.06 0.10 0.13 356 -0.231 3.5 100.0 333 45 000 1.0 090
00:32:50 11 -105 46 0 0.09 0.07 0.18 356 -0.665 6.1 100.0 333 34 000 1.0 090
00;33:00 11 -104 47 0 0.26 -0.03 0.20 356 -1.417 10.0 100.0 300 40 000 1.0 090
00:33:10 11 -103 47 0 0.35 -0.11 0.17 355 -1.789 15.0 100.0 234 41 000 1.0 090
00:33:20 11 -101 46 0 0.31 -0.08 0.13 355 -1.272 18.4 100.0
00:33:30

220 41 000 1.0 090
11 -100 46 0 0.17 -0.14 0.07 355 -1.309 26.0 100.0 220 36 000 1.0 090

00:33:40 11 -99 47 0 0.08 -0.21 -0.02 355 -1.208 31.6 100.0 220 .35 000 1.0 090
00:33:50 10 -99 47 0 0.03 -0.22 -0.11 355 -0.674 29.1 100.0 302 28 000 1.0 090
00:34:00 9 -99 46 0 -0.01 -0.20 -0.17 355 -0.221 26.8 100.0 230 30 000 1.0 090
00:34:10 8 -99 46 0 -0.05 -0.20 -0.21 355 0.070 25.5 100.0 147 35 000 1.0 090
00:34:20 7 -1oo 47 0 -0.05 -0.18 -0.21 355 0.239 23.9 100.0 060 31 000 1.0 090
00:34:30 6 -1oo 47 0 -0.10 -0.10 -0.23 355 0.842 19.3 63.0 083 36 000 1.0 090
00:34:40 5 -101 46 0 -0.10 0.04 -0.27 355 2.004 4.2 99.0 083 38 000 1.0 090
00:34:50 5 -101 46 0 -0.10 0.09 -0.19 355 1.771 -4.8 99.0 118 40 000 1.0 090
00:35:00 5 -102 47 0 -0.17 0.14 -0.14 356 1.753 -4.2 99.0 059 26 000 1.0 090
00:35:10 5 -103 47 0 -0.19 0.14 -0.09 356 1.427 -5.3 99.0
00:35:20

059 46 000 1.0 090
5 -104 46 0 -0.19 0.14 -0.03 356 1.101 -6.5 99.0 059 35 000 1.0 090

00:35:30 6 -105 46 0 -0.13 0.11 0.03 356 0.547 -7.3 99.0 022 38 000 1.0 090
00:35:40 6 -105 47 0 -0.11 0.12 0.07 356 0.275 -6.2 99.0 000 32 000 1.0 090
00:35:50 7 -106 47 0 -0.13 0.15 0.11 356 0.257 -6.2
00:36:00

99.0 000 34 000 1.0 090
8 -106 46 0 -0.15 0.17 0.14 356 0.208

k

-6.8 99.0 337 40 000 1.0 090
0:36:10 9 -107 46 0 0.06 0.15 0.20 356 -0.324 -3.7 99.0 337 42 000 1.0 090
:36:20 9 -106 47 0 0.34 0.07 0.26 356 -1.232 0.4 99.0 297 37 000 1.0 090

00;36:30 10 -104 47 0 0.38 0.01 0.28 356 -1.713 6.1 99.0 269 34 000 1.0 090
00:36:40 10 -102 46 0 0.41 -0.03 0.26 356 -1.850 11-8 99.0 269 34 000 1.0 090
00:36:50 11 -99 46 0 0.39 -0.04 0.22 355 -1.650 16.7 99.0 224 35 000 1.0 090
00:37:00 11 -98 47 0 0.32 -0.01 0.15 355 -1.043 20.1 99.0 224 47 000 1.0 090
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Time Position [m) RPM Speed (Knots) mm Rudder Gill iiind Current
HH:MM:SS East North Port Stbd Long Bow Stern Heading DeglMin Deg % Deg Knots Deg Knots Deg
----------------------------------------------------------------------------------------------------------------------------

k

0:37:10 11 -96. 45 0 0.32 -0.07 0.09 355 -1.025 22.9
:37:20

99.0 215 25 000 1.0 090
11 -94 45 0 0.29 -0.23 0.03 355 -1.655 29.4 99.0 215 46

:37:30
000 1.0 090

10 -93 45 0 0.18 -0.22 -0.07 354
00:37:40

-0.977 32.7 99.0 215 41 000 1.0 090
9 -93 45 0 0.04 -0.15 -0.15 354 0.015

00:37:50
28.7 99.0 215 40 000 1.0 090

8 -93 45 0 -0.05 -0.17 -0.19 354 0.173 27.1 99.0 215 46
00:38:00

000 1.0 090
7 -93 45 0 -0.09 -0.14 -0.22 354

00:38:10
0.522 24.5 99.0 122 45 000 1.0 090

7 -94 45 0, -0.15 -0.05 -0.29 355 1.511 16.8 49.0 122 38 000 1.0 090
00:38:20 6 -95 45 0 -0.18 0.03 -0.33 355 2.263
00:38:30

7.5 49.0 122 40 000 1.0 090
5 -96 44 0 -0.14 0.06 -0.31 355 2.324

00:38:40
-3.1 49.0 122 32 000 1.0 090

5 -97 44 0 -0.20 0.02 -0.26 356 1.759 -3.5 49.0
00:38:50

122 34 000 1.0 090
4 -98 44 0 -0.33 0.00 -0.21 356

00:39:00
1.348 -4.1 49.0 122 40 000 1.0 090

4 -1oo 45 0 -0.42 0.00 -0.16 356 0.999
00:39:10

, -5.6 49.0 122 36 000 1.0 090
4 -102 45 0 -0.48 0.04 -0.09 356 0.821 -7.6 100.0

00:39:20
053 41 000 1.0 090

4 -105 45 0 -0.46 0.07 -0.01 356 0.540 -8.7 100.0 053 32 000 1.0 090
00;39:30 4 -107 50 0 -0.43 0.08 0.06 356 0.151 -8.9 100.0 022 44 000 1.0 090
00:39:40 5 -109 49 0 -0.34 0.08 0.13 356 -0.328 -7.4 100.0
00:39:50

022 49 000 1.0 090
6 -110 49 0 -0.15 0.09 0.18 356 -0.558 -3.5 100.0

00;40:00
022 38 000 1.0 090

6 -111 50 0 0.02 0.12 0.23 356 -0.707 -0.5 100.0
00:40:10

000 35 000 1.0 090
7 -110 49 0 0.07 0.13 0.29 356 -1.015 2.5 100.0

00:40:20
298 37 000 1.0 090

9 -110 50 0 0.08 0.07 0.30 356 -1.433 9.3 100.0 299 34
00:40:30

000 1.0 090
9 -109 48 0 0.28 -0.01 0.28 356 -1.830 12.6 100.0 299 37

00:40:40
000 1.0 090

10 -107 45 0 0.36 -0.08 0.23 355 -2.015 18.2 100.0 269 37
00:40:50

000 1.0 090
10 -105 45 0 0.34 -0.15 0.16 355 -1.996 24.8 100.0

00:41:00
269 34 000 1.0 090

9 -104 46 0 0.29 -0.21 0.06 355
00:41:10

-1.760 30.6 100.0 237 32 000 1.0 090
9 -103 46 0 0.11 -0.17 -0.05

00:41:20
354 -0.736 33.3 100.0 237 39 000 1.0 090

8 -102 46 0 0.04 -0.07 -0.13 354 0.382 24.2 100.0 237 33
00:41:30

000 1.0 090
8 -102 46 0 0.13 -0.15 -0.17 355

00:41:40
0.143 26.1 100.0 237 34 000 1.0 090

6 -101 45 0 0.17 -0.23 -0.22 355 -0.085
00:41:50

27.4 100.0 215 36 000 1.0 090
5 -101 45 0 0.10 -0.14 -0.25 355 0.674 22.9 100.0

00:42:00
090 37 000 1.0 090

4 -101 46 0 0.01 -0.04 -0.28 355 1.491
00:42:10

30.2 100.0 090 28 000 1.0 090
4 -101 46 0 -0.04 0.05 -0.26 355 1.998

00:42:20
15.4 100.0 080 38 000 1.0 090

3 -101 46 0 -0.03 0.04 -0.18 355 1.395
00:42:30

9.5 100.0 056 39 000 1.0 090
3 -101 46 0 -0.13 0.03 -0.18 356 1.309

00:42:40
16.7 100.0 056 44 000 1.0 090

3 -102 46 0 -0.18 0.12 -0.23 356 2.185
00:42:50

8.7 100.0 056 36 000 1.0 090
2 -103 45 0 -0.17 0.18 -0.21 356 2.450 -2.7 100.0 056 30

00:43:00
000 1.0 090

3 -104 45 0 -0.18 0.21 -0.15 357 2.294 -7.9 100.0 033
00:43’:10

40 , 000 1.0 090
3 -105 46 0 -0.13 0.23 -0.07 357 1.912

00;43:20
-13.5 100.0 033 29 000 1.0 090

3 -105 46 0 -0.11 0.24 0.02 357 1.445

b

-13.9 100.0
0:43:30

340 40 000 1.0 090
4 -106 46 0 0.00 0.21 0.11 357 0.598 -12.0 100.0 275 30 000 1.0 090

:43:40 5 -105 46 0 0.13 0.14 0.22 357 -0.476
0:43:50

-5.4 100.0 305 29 000 1.0 090
6 -104 46 0 0.21 0.09 0.28 357 -1.202

00:44:00
-0.2 100.0 274 37 000 1.0 090

7 -103 45 0 0.29 0.01 0.31 357 -1.930
00:44:10

6.3 100.0 324 49 000 1.0 090
7 -101 45 0 0.37 -0.05 0.30 357 -2.215 12.4 100.0 289 34

00:44:20
000 1.0 090

8 -99 46 0 0.37 -0.04 0.24 356 -1.832 17.9 100.0 289 49
00:44:30

000 1.0 090
8 -98 46 0 0.27 -0.03 0.17 356 -1.297 22.3 100.0 289 40

00:44:40
000 1.0 090

8 -96 46 0 0.29 -0.07 0.09
00:44:50

356 -1.064 24.6 100.0 289 39 000 1.0 090
8 -94 46 0 0.37 -0.09 0.01

00:45:00
356 -0.686 25.3 100.0 289 41 000 1.0 090

8 -93 45 0 0.41 -0.09 -0.06 356 -0.133 24.6 100.0 289 33
00:45:10

000 1.0 090
7 -90 45 0 0.53 -0.10 -0.13

00:45:20
356 0.235 23.7 100.0 289 44 000 1.0 090

6 -87 46 0 0.54 -0.10 -0.19 356 0.581 21.9 100.0 289 32
00:45:30

000 1.0 090
5 -85 46 0 0.41 -0.05 -0.23 356

00:45:40
1.116 17.4 100.0 289 37 000 1.0 090

4 -83 46 0 0.41 -0.05 -0.23 356 1.163 13.6 100.0 289 37
00:45:50

000 1.0 090
3 -81 46 0 0.50 -0.15 -0.22 356 0.450 13.0 100.0 289 42 000 1.0 090

)
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Simulation”Track Plot

Open Ocean
Ship: 150,000 ton, Tanker, partial load

●

Start Time [hrs:min:sec]: 00:25:00
End Time [hrs:min:sec]: 00:46:00
Delta Plot Time [see): 30

9
Date: 05-Feb-99 Time: 14:37:00

I
East-West Scale [m]: 926.
East-West Scale (Nml: 0.500(-)
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HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 33 Date: 5 February 1999
StartTime: 15:29
Length of run [sees]: 3065

Ship Condition: drfi =13.72 m

Environment
Wind Speed ~ots]: . . . . . . . . . . . . . . . . . . . . . . . . 40 Direction: O

Sea State, Significant wave height [m]:.. 8 Direction: 180

Current Speed [knots] :. . . . . . . . . . . . . . . . . . . . .. 2 Direction: 90

Ship Operator: J.A. Obsewer: B.K.J

Final Mating, distance between center of buoy and center of moon pool [m]: 1.9

Evaluation:

Mating was made in the second try.
Wind and waves caught the bow and blew it to the port close to 20 degrees. The captain
usedfull ahead and reversed the thruster and brought the ship back with no particular
problem. Most of the time was used waiting for small waves to occur when the buoy was
near the center of the moon pool.
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Shiphandl ing Simulator Sxercise date & time: 05-Feb-99
15:29:38

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
raffic ships: 590 Suction Mooring BUOY
Initial conditions: 594 150k tanker in partial load - Suction Mooring
Esercise identification: Rub -B %3

Time Position (m) RPM Speed (Knots) mm Rudder Gill Wind Current
HH:MM:SS East North Port Stbd Long BOW Stern Heading DeglMin Deg % Deg Knots Deg Knots Deg
----------------------------------------------------------------------------------------------------------------------------

00:16:40 -20 -127 74 0 0.12 1.06 -1.11 340 13.786 35.0 98.0 157 46 000 2.0 090
00:16:50 -20 -126 74 0. 0.21 1.28 -1.06 343 14.857 35.0 98.0 157 40 000 2.0 090
00:17:00 -19 -125 74 0 0.32 1.46 -0.98 345 15.535 35.0 98.0 157 43 000 2.0 090
00:17:10 -18 -122 64 0 0.48 1.32 -0.82 348 13.560 20.5
00:17:20

98.0 157 43 000 2.0 090
-18 -120 50 0 0.53 1.03 -0.50 350 9.749 1.5 98.0 157 36 000 2.0 090

00:17:30 -17 -117 49 0 0.40 0.87 -0.15 351 6.518 -17.5 98.0 157 47 000 2.0 090
00:17:40 -15 -115 50 0 0.23 0.75 0.26 352 3.136 -35.0 98.0 074 31 000 2.0 090
00:17:50 -12 -113 45 0 0.35 0.56 0.63 352 -0.424 -34.3 98.0 038 38 000 2.0 090
00:18:00 -9 -111 45 0 0.48 0.39 0.90 352 -3.224 -24.6 98.0 038 27 000 2.0 090
00:18:10 -6 -108 45 0 0.48 0.25 1.07 351 -5.226 -9.1 98.0 187 33 000 2.0 090
00:18:20 -3 -105 44 0 0.46 0.16 1.13 350 -6.133 9.7 98.0 180 39 000 2.0 090
00:18:30 0 -102 44 0 0.38 0.25 1.07 349 -5.184 24.1 98.0 180 43 000 2.0 090
00:18:40 3 -1oo 45 0 0.24 0.43 1.04 348 -3.848 5.1 98.0 180 27 000 2.0 090
00:18:50 6 -98 45 0 0.17 0.33 1.06 348 -4.668 15.3 98.0 180 36 000 2.0 090
00:19:00 9 -96 45 0 0.09 -0.02 1.01 347 -6.531 34.2 98.0 180 39 000 2.0 090
00:19:10 11 -96 45 0 -0.02 -0.02 0.92 346 -5.934 35.0 98.0 127 36 000 2.0 090
00:19:20 14 -95 45 0 -0.15 -0.01 0.83 345
00:19:30

-5.364 35.0 98.0 127 38 000 2.0 090
16 -96 44 0 -0.35 0.02 0.77 344 -4.751 35.0 98.0 127 31 000 2.0 090

00:19:40 19 -98 44 0 -0.50 0.18 0.71 343 -3.365 35.0 98.0 077 37 000 2.0 090
00:19:50 22 -99 44 0 -0.51 0.21 0.65 343 -2.833 35.0 98.0 031 31 000 2.0 090
00:20:00 25 -101 47 0 -0.46 0.46 0.58 342 -0.727 35.0 98.0 031 44 000 2.0 090
00:20:10 28 -102 46 0 -0.31 0.65 0.49 342 0.966 35.0 98.0 031 31 000 2.0 090
00:20:20 31 -103 46 0 -0.28 0.59 0.41 342
00:20:30

1.113 35.0 98.0 269 38 000 2.0 090
34 -103 47 0 -0.28 0.64 0.33 343 1.990 35.0 98.0 269 34 000 2.0 090

00:20:40 37 -104 48 0 -0.23 0.78 0.26 343 3.303 35.0 98.0 359 33 000 2.0 090
00:20:50 40 -104 48 0 -0.14 0.74 0.21 344 3.386 34.5 98.0 359 29 000 2.0 090
00:21:00 42 -104 49 0 -0.01 0.60 0.23 344 2.332 15.5 98.0 359 35 000 2.0 090
00:21:10 44 -103 49 0 -0.01 0.47 0.33 344 0.897 6.2 98.0 359 40 000 2.0
0:21:20

090

k

46 -103 48 0 0.02 0.32 0.38 345 -0.379 24.1 98.0 268 38 000 2.0 090
;21:30 47 -102 49 0 0.13 0.16 0.30 344 -0.934 35.0 98.0 268 34 000 2.0 090

0:21:40 48 -101 49 0 0.20 0.11 0.21 344
00:21;50

-0.593 35.0 98.0 268 42 000 2.0 090
48 -1oo 49 0 0.12 0.23 0.11 344 0.720 35.0 98.0 268 49 000 2.0 090

00:22:00 49 -99 48 0 0.09 0.26 0.04 344 1.396 35.0 98.0 268 38 000 2.0 090
00:22:10 50 -98 48 0 0.18 0.30 -0.02 345 2.001 35.0 98.0 268 45 000 2.0 090
00;22:20 50 -97 48 0 0.23 0.21 -0.03 345 1.549 27.2 98.0 268 31 000 2.0 090
00;22:30 50 -96 48 0 0.25 -0.07 -0.05 345 -0.076 35.0 98.0 268 31 000 2.0 090
00:22:40 49 -95 49 0 0.17 -0.29 -0.08 345 -1.297 35.0 98.0 232 44 000 2.0 090
00;22:50 48 -95 48 0 -0.05 -0.21 -0.10 345 -0.699 35.0 98.0 262 35
00:23:00

000 2.0 090
47 -96 48 0 -0.15 0.05 -0.11 345 1.035 35.0 98.0 324 34 000 2.0 090

00:23:10 47 -96 48 0 -0.13 -0.05 -0.10 345 0.348 35.0 98.0 324 41 000 2.0 090
00:23:20 47 -97 49 0 -0.13 -0.16 -0.10 345 -0.403 35.0 98.0 340 39 000 2.0 090
00:23:30 47 -98 48 0 -0.07 -0.05 -0.10 345 0.317 35.0 98.0 291 46
10:23:40

000 2.0 090
46 -98 48 0 -0.08 0.12 -0.12 345 1.489 30.7 98.0 291 41

10:23;50
000 2.0 090

47 -99 49 0 -0.10 0.45 -0.09 346
10:24:00

3.440 24.5 98.0 301 43 000 2.0 090
48 -99 49 0 -0.02 0.49 -0.02 346 3.233 17.5 98.0 318 43

10:24:10
000 2.0 090

49 -98 49 0 0.02 0.43 0.08 347
)0;24 :20

2.227 15.3 98.0 318 35 000 2.0 090
51 -98 49 0 0.12 0.48 0.16 347 2.043

10:24:30
12.0 98.0 318 35 000 2.0 090

52 -96 48 0 0.24 0.35 0.26 347 0.571 3.7 98.0
>0:24;40

318 44 000 2.0 090
53 -95 49 0 0.25 0.13 0.40 347

10:24:50
-1.684 3.7 98.0 270 33 000 2.0 090

54 -93 49 0 0.21 0.06 0.53 347 -3.013
10:25:00

-2.6 98.0 270 45 000 2.0 090
56 -92 49 0 0.15 -0.01 0.61 346 -3.948 11.5 98.0

)0:25:10
270 34 000 2.0 090

57 -91 49 0 0.27 -0.03 0.60 345 -3.998 22.5 98.0 270 30 000 2.0 090
30:25:20 58 -89 48 0 0.36 0.10 0.52 345 -2.641 26.9 98.0 243 41 000 2.0
10:25:30

090
59 -86 49 0 0.33 0.14 0.41 345 -1.730 31.7 98.0 243 40 000 2.0

)0;25:40
090

60 -85 48 0 0.35 0.06 0.30 344 -1.536 35.0 98.0 243 34 000 2.0 090
10:25:50 60 -82 49 0 0.46 -0.03 0.21 344 -1.539 26.0 98.0 243 28 000 2.0 090
30;26:00 59 -80 49 0 0.43 -0.02 0.17 344 -1.236 25.8 98.0 221 38 000 2.0
10:26:10

090
59 -78 45 0 0.29 -0.11 0.13 344 -1.543 32.5 98.0 221 36 000 2.0

20:26:20
090

59 -77 46 0 0.16 -0.29 0.08 343 -2.383 35.0 98.0 241 44 000 2.0 090
30:26:30 58 -77 46 0 0.02 -0.31 0.04 343 -2.267 35.0 98.0 241 35 000 2.0 090
}0:26:40 57 -77 46 0 -0.06 -0.43 0.02 342 -2.878
10:26:50

35.0 98.0 241 41 000 2.0 090
56 -78 46 0 -0.08 -0.61 0.02 342 -4.006 35.0 98.0

30:27:00
241 30 000 2.0 090

55 -79 52 0 -0.19 -0.65 0.01 341 -4.193 35.0 98.0 208 39 000 2.0
10:27;10

090
54 -81 52 0 -0.37 -0.25 -0.04 341 -1.362 35.0 98.0 208 30 000 2.0

30:27:20
090

54 -83 52 0 -0.42 0.22 -0.08 341 1.897 35.0 98.0 208 31 000 2.0 090
30:27:30 56 -85 51 0 -0.40 0.31 -0.10 341 2.618 35.0 98.0 208 31 000 2.0
00:27:40

090
57 -86 51 0 -0.36 0.25 -0.12 342 2.387 35.0 98.0 208 33 000 2.0 090

b0:27:50 57 -88 51 0 -0.35 0.07 -0.13 342 1.267
:28:00

35.0 98.0. 208 35 000 2.0 090
58 -90 51 0 -0.48 0.22 -0.15 342 2.306 35.0 98.0 258 30 000 2.0 090

DO:28:1O 59 -92 52 0 -0.49 0.41 -0.16 343 3.615 35.0 98.0 295 50 000 2.0 090
00:28:20 60 -95 51 0 -0.46 0.25 -0.13 343 2.449 28.0 98.0 295 40 000 2.0 090
DO:28:30 61 -97 51 0 -0.46 0.19 -0.08 343 1.707 23.8 98.0 295 37 000 2.0
00:28:40

090
62 -99 52 0 -0.35 0.14 0.00 344 0.914 21.1 98.0 295 35 000 2.0 090



.. D..-.. .
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Time Position (m) RPM Speed (Knots) mm Rudder Gill Wind Current

HH:NN:SS East North Port Stbd Long Bow Stern Heading Degi14in Deg % Deg Snots Deg Knots Deg
------------- ---------------------------------------------------------------------------------------------------------------

0:28:50

k

63 -100. 51 0 -0.20 0.02 0.06 344 -0.218 24.3 98.0 299 40 000 2.0 090
:29:00 63 -101 52 0 -0.06 0.15 0.07 344 0.459 19.0 98.0 299 33 000 2.0 090
:29:10 64 -1oo 51 0 -0.01 0.22 0.13 344 0.610

00:29:20
16.5 98.0 299 44 000 2.0 090

65 -100 52 0 0.06 0.04 0.14 344 -0.658
00:29:30

28.4 98.0 299 28 000 2.0 090
65 -99 51 0 0.20 0.05 0.11 344 -0.388 25.3 98.0 274 34 000 2.0

00:29:40
090

65 -98 52 0 0.25 0.04 0.08 344 -0.297 24.9 98.0 274 42 000 2.0 090
00:29:50 65 -97 51 0 0.21 -0.18 0.04 344 -1.369 33.1 98.0 274 40 000 2.0 090
00;30:00 64 -96 51 0 0.19 -0.47 -0.03 343 -2.844 35.0 98.0 274 44 000 2.0 090
00:30:10 62 -96 52 0 0.14 -0.60 -0.08 343 -3.318 35.0 98.0 274 33 000 2.0 090
00;30:20 60 -96 52 0 0.06 -0.47 -0.13 342 -2.123 35.0 98.0 300 41 000 2.0 090
00:30:30 59 -96 52 0 0.05 -0.42 -0.18 342 -1.571
00:30:40

35.0 98.0 300 43 000 2.0 090
57 -96 51 0 0.02 -0.28 -0.22 342 -0.388

00:30:50
35.0 98.0 300 35 000 2.0 090

56 -97 51 0 -0.01 -0.11 -0.26 342
00:31:00

0.964 35.0 98.0 300 42 000 2.0 090
55 -97 52 0 0.08 0.01 -0.30 342 1.954

00:31:10
35.0 98.0 300 47 000 2.0 090

54 -96 51 0 0.19 0.03 -0.33 342 2.327 35.0 98.0 300 35 000 2.0 090
00:31:20 53 -96 51 0 0.18 0.03 -0.35 343 2.400 28.4 98.0 300 44 000 2.0 090
00:31:30 53 -95 51 0 0.09 0.20 -0.27 343
00:31:40

2.926 9.9 98.0 300 39 000 2.0 090
53 -95 51 0 0.06 0.22 -0.06 344 1.807 -0.5 98.0 300 37 000 2.0 090

00:31:50 53 -94 52 0 0.10 0.17 0.06 344 0.715 15.0 98.0
00:32:00

300 43 000 2.0 090
53 -93 52 0 0.27 -0.04 0.09 344 -0.836 24.4 98.0 300 34 000 2.0 090

00:32:10 53 -92 51 0 0.29 -0.14 0.05 344 -1.244 29.9 98.0
00:32:20

300 28 000 2.0 090
52 -91 51 0 0.21 0.14 0.02 344 0.762 21.6 98.0 243 34

00:32:30
000 2.0 090

53 -89 52 0 0.29 0.32 0.04 344 1.768 15.2 98.0
00:32:40

243 39 000 2.0 090
53 -87 52 0 0.33 0.40 0.11 344 1.849 2.2 98.0

00:32:50
243 45 000 2.0 090

54 -85 51 0 0.42 0.36 0.28
00:33;00

344 0.473 -7.4 98.0 243 34 000 2.0 090
55 -82 51 0 0.52 0.00 0.42 344 -2.728 2.2 98.0 223 40 000 2.0

00:33:10
090

55 -79 51 0 0.58 -0.21 0.45 344 -4.185 16.3 98.0
00:33:20

223 41 000 2.0 090
55 -76 52 0 0.55 -0.05 0.37 343 -2.703 24.1 98.0 223 41 000 2.0

00:33:30
090

54 -74 52 0 0.42 -0.24 0.27 343 -3.220 35.0 98.0
00:33:40

210 36 000 2.0 090
53 -72 52 0 0.34 -0.48 0.16 342 -4.070 35.0 98.0

00:33:50
210 35 000 2.0 090

52 -71 52 0 0.27 -0.45 0.06 341 -3.200 35.0 98.0
00:34:00

210 28 000 2.0 090
51 -70 52 0 0.17 -0.38 -0.03 341 -2.217 35.0 98.0 210 30 000 2.0 090

00:34:10 50 -70 52 0 0,13 -0.33 -0.10 341 -1.435 35.0 98.0
00:34:20

210 35 000 2.0 090
48 -70 52 0 0.11 -0.41 -0.16 340 -1.617 35.0 98.0

00:34:30
210 31 000 2.0 090

47 -70 51 0 -0.01 -0.29 -0.21 340 -0.491 35.0 98.0 230 36
00:34:40

000 2.0 090
46 -71 52 0 -0.04 -0.07 -0.26 340 1.196 35.0 98.0 209 38

00:34:50
000 2.0 090

45 -71 50 0 -0.08 0.09 -0.29 340 2.432 35.0 98.0 209 40
00:35:00

000 2.0 090
45 -72 49 0 -0.19 0.17 -0.30 341 2.959 35.0 98.0 209 26

k

000 2.0 090
0:35:10 45 -73 50 0 -0.30 0.08 -0.28 341 2.283 35.0 98.0 240 46 000 2.0 090

:35:20 45 -75 50 0 -0.34 0.00 -0.27 342 1.727 35.0 98.0 271 35 000 2.0 090
:35:30 45 -77 50 0 -0.32 -0.12 -0.26 342 0.837 35.0 98.0 297 38 000 2.0 090

00:35:40 44 -79 49 0 -0.33 -0.07 -0.24 342 1.041 32.1 98.0 297 32
00:35:50

000 2.0 090
44 -80 49 0 -0.37 0.13 -0.19 342 2.043 24.4 98.0 297 34

00:36:00
000 2.0 090

45 -82 50 0 -0.40 0.32 -0.10 343 2.647 16.2 98.0
00:36:10

312 40 000 2.0 090
46 -84 49 0 -0.19 0.36 0.04 343 2.030 7.7 98.0

00:36:20
324 42 000 2.0 090

47 -84 49 0 0.09 0.19 0.16 343 0.175 11.7 98.0
00:36:30

324 37 000 2.0 090
48 -83 50 0 0.17 0.14 0.21 343 -0.483 15.8 98.0

00;36:40
324 34 000 2.0 090

49 -81 50 0 0.21 0.10 0.23 343 -0.850 19.4 98.0
00:36:50

223 34 000 2.0 090
49 -80 50 0 0.19 0.08 0.22 343 -0.933 23.2 98.0

00:37:00
215 35 000 2.0 090

50 -79 50 0 0.12 0.16 0.21 343 -0.269 21.7 98.0 215 47
00:37:10

000 2.0 090
50 -78 50 0 0.14 -0.07 0.19 343 -1.647 32.1 98.0 241 25 000 2.0

00:37:20
090

50 -78 50 0 0.14 -0.62 0.13 342 -4.737 35.0 98.0
00:37:30

241 46 000 2.0 090
48 -78 49 0 0.08 -0.61 0.07 341 -4.312 35.0 98.0 241 41 000 2.0 090

00:37:40 47 -78 50 0 -0.02 -0.39 0.00 341 -2.480 35.0 98.0
00:37:50

241 40 000 2.0 090
46 -79 49 0 -0.10 -0.44 -0.05 340 -2.467 35.0 98.0

00:38:00
211 46 000 2.0 090

45 -80 50 0 -0.13 -0.36 -0.09 340 -1.729 35.0 98.0
00:38:10

211 45 000 2.0 090
44 -81 50 0 -0.19 -0.36 -0.12 540 -1.503 35.0 98.0 211 38 000 2.0

00:38:20
090

43 -82 49 0 -0.26 -0.23 -0.14 340 -0.564 35.0 98.0
00:38:30

211 40 000 2.0 090
43 -84 50 0 -0.24 -0.18 -0.16 340 -0.149 35.0 98.0

00:38:40
268 32 000 2.0 090

43 -85 50 0 -0.29 -0.36 -0.17 340 -1.219 35.0 98.0 268 34 000 2.0
00:38:50

090
42 -87 50 0 -0.40 -0.46 -0.17 339 -1.838 35.0

00:39:00
98.0 268 40 000 2.0 090

41 -90 49 0 -0.42 -0.44 -0.17 339 -1.733 35.0 98.0
00:39:10

329 36 000 2.0 090
41 -93 49 0 -0.44 -0.24 -0.17 339 -0.457 35.0 98.0

00:39:20
329 41 000 2.0 090

41 -95 50 0 -0.40 -0.12 -0.17 339 0.345 35.0 98.0
00:39:30

322 32 000 2.0 090
41 -97 49 0 -0.37 -0.01 -0.19 339 1.125 35.0 98.0

00:39:40
345 44 000 2.0 090

41 -99 49 0 -0.29 0.05 -0.21 339 1.618 35.0 98.0 000 49 000 2.0
00:39:50

090
41 -100 52 . 0 -0.13 0.15 -0.23 339 2.399 35.0 98.0

00:40:00
000 38 000 2.0 090

41 -100 52 0 0.03 0.43 -0.25 340 4.305 22.2 98.0 000 35 000 2.0
00:40:10

090
42 -1oo 53 0 0.06 0.64 -0.24 341 5.621 26.0 98.0

00:40:20
272 37 000 2.0 090

43 -99 52 0 0.08 0.56 -0.17 342 4.659 15.1 98.0 298 34 000 2.0 090
00:40:30 43 -98 52 0 0.28 0.27 -0.10 342 2.362 21.0 98.0 298 37
00:40:40

000 2.0 090
43 -96 53 0 0.38 0.02 -0.05 343 0.458 7.8 98.0 298 37 000 2.0 090

00:40:50 42 -94 52 0 0.38 -0.25 0.04 342 -1.796 15.6 98.0
00:41:00

208 34 000 2.0 090
41 -93 53 0 0.33 -0.45 0.04 342 -3.150 27.4 98.0

00:41:10
208 32 000 2.0 090

39 -92 52 0 0.17 -0.31 -0.04 342 -1.724 35.0 98.0
00:41:20

208 39 000 2.0 090
38 -91 52 0 0.11 0.02 -0.08 341 0.650 21.1 98.0

00:41:30
208 33 000 2.0 090

38 -91 53 0 0.22 -0.20 -0.08 342 -0.734 30.1 98.0 215 34 000 2.0 090

U!

:41:40 36 -90 51 0 0.26 -0.43 -0.14 341 -1.862 35.0 98.0 207 36 000 2.0 090
:41:50 35 -89 51 0 0.18 -0.23 -0.21 341 -0.160 35.0 98.0 207 37 000 2.0
:42:00

090
33 -89 50 0 0.06 -0.16 -0.23 341 0.487 31.5 98.0 182 28 000 2.0

00:42:10
090

33 -89 50 0 -0.03 -0.04 -0.20 341 1.014 22.4 98.0 182 38
00:42:20

000 2.0 090
32 -90 49 0 -0.10 -0.14 -0.14 341 0.020 29.3

00:42:30
98.0 178 39 000 2.0 090

32 -91 50 0 -0.27 -0.35 -0.13 341 -1.399 35.0 98.0 178 44 000 2.0 090

,.,
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Time Position (m) RPM Speed (Knots) mm Rudder Gill Wind Current

HH:MM:SS East North Port Stbd Long Bow Stern Heading DeglMin Deg % Deg Knots Deg Knots Deg
-------------------------------------------------------------------------- --------------------------------------------------

I

:42:40 31 -93 49 0 -0.37 -0.26 -0.12 341 -0.908 35.0 98.0 000 36 000 2.0
:42:50

090
31 -95 50 0 -0.32 -0.18 -0.12 341 -0.400 35.0 98.0 000 30 000 2.0 090

;43;00 31 -97 50 0 -0.32 -0.07 -0.12 341 0.302 35.0 98.0 000 40 000 2.0 090

00:43:10 31 -98 49 0 -0.27 0.08 -0.12 341 1.270 30.5 98.0 000 29 000 2.0 090
00:43:20 31 -99 50 0 -0.23 0.27 -0.08 341 2.224 20.1 98.0 000 40 000 2.0 090
00:43:30 33 -1oo 50 0 -0.13 0.51 0.03 342 3.030 10.8 98.0 002 30 000 2.0 090
00:43:40 34 -1oo 49 0 0.00 0.62 0.15 342 2.995 4.2 98.0 211 29 000 2.0 090
00:43:50 36 -99 49 0 0.06 0.53 0.29 343 1.558 1.6 98.0 273 37 000 2.0 090
00:44:00 38 -98 50 0 0.14 0.14 0.38 343 -1.520 11.4 98.0 295 49 000 2.0 090
00:44:10 39 -97 49 0 0.23 -0.09 0.36 342 -2.865 25.8 98.0 285 34 000 2.0 090
00:44:20 39 -95 50 0 0.21 -0.01 0.28 342 -1.818 28.9 98.0 246 49 000 2.0 090
00:44:30 39 -94 49 0 0.09 0.04 0.19 342 -0.979 32.0 98.0 246 40 000 2.0 090
00:44:40 39 -94 50 0 0.07 -0.16 0.11 341
00:44:50

-1.707 35.0 98.0 246 39 000 2.0 090
39 -94 50 0 0.11 -0.28 0.03 341 -1.982 35.0 98.0 246 41 000 2.0 090

00:45:00 38 -93 50 0 0.12 -0.27 -0.04 341 -1.462 35.0 98.0 246 33 000 2.0 090
00:45:10 37 -93 49 0 0.20 -0.33 -0.10 341 -1.426 35.0 98.0 246 44 000 2.0 090
00:45:20 35 -92 50 0 0.18 -0.35 -0.16 340 -1.211 35.0 98.0 208 32 000 2.0 090
00:45:30 34 -92 49 0 0.00 -0.09 -0.21 340 0.743 35.0 98.0 208 37 000 2.0 090
00:45:40 34 -93 50 0 -0.05 0.03 -0.20 341 1.479 25.3 98.0 258 37 000 2.0 090
00:45:50 33 -93 49 0 0.02 -0.35 -0.21 341 -0.902 35.0 98.0 272 42 000 2.0 090
00:46:00 31 -93 50 0 0.01 -0.54 -0.23 340 -1.957 35.0 98.0 272 41 000 2.0 090
00:46:10 29 -94 50 0 -0.11 -0.71 -0.25 340 -2.905 35.0 98.0 272 49 000 2.0 090
00:46:20 27 -96 49 0 -0.28 -0.66 -0.24 339 -2.652 35.0 98.0 352 28 000 2.0 090
00:46:30 26 -98 49 0 -0.33 -0.19 -0.22 339 0.159 35.0 98.0 091 40 000 2.0 090
00:46:40 26 -1oo 50 0 -0.32 -0.09 -0.21 339 0.773 35.0 98.0 091 44 000 2.0 090
00:46:50 26 -102 49 0 -0.34 0.06 -0.20 340 1.677 35.0 98.0 091 40 000 2.0 090
00:47:00 26 -103 50 0 -0.26 0.30 -0.20 340 3.186 35.0 98.0 043 39 000 2.0 090
00:47:10 27 -104 50 0 -0.18 0.49 -0.20 341 4.367 35.0 98.0 038 36 000 2.0 090
00:47:20 28 -105 50 0 -0.06 0.70 -0.21 341 5.790 35.0 98.0 000 40 000 2.0 090
00:47:30 30 -104 50 0 0.02 0.75 -0.18 342 5.904 22.1 98.0 000 37 000 2.0 090
00:47;40 31 -104 50 0 0.05 0.53 -0.05 343 3.699 5.1 98.0 000 41 000 2.0 090
00;47:50 32 -103 49 0 0.15 0.35 0.13 344 1.377 0.9 98.0 269 33 000 2.0 090
00:48:00 33 -102 50 0 0.17 0.33 0.26 344 0.418 2.4 98.0 269 32 000 2.0 090
00:48:10 34 -1oo 49 0 0.20 0.11 0.36 344 -1.555 10.8 98.0 269 32 000 2.0 090
00:48:20 35 -99 49 0 0.24 -0.21 0.36 343 -3.603 29.1 98.0 220 35 000 2.0 090
00:48:30 34 -98 50 0 0.24 -0.23 0.26 343 -3.115 35.0 98.0 220 32 000 2.0 090
00:48:40 34 -97 50 0 0.16 0.10 0.15 342 -0.339 31.6 98.0 225 39 000 2.0 090
00:48:50 35 -96 50 0 0.17 0.19 0.10 342 0.550 25.7

:49:00
98.0 269 41 000 2.0 090

r

35 -94 50 0 0.25 0.06 0.07 342 -0.068 27.8 98.0 223 39 000 2.0 090
:49:10 35 -93 49 0 0.19 -0.07 0.03 342 -0.628 32.4 98.0 208 33 000 2.0 090

0:49:20 34 -93 50 0 0.16 -0.25 -0.03 342 -1.419 35.0 98.0 208 39 000 2.0 090
00:49:30 33 -92 49 0 0.14 -0.41 -0.08 342 -2.101 35.0 98:0 208 42 000 2.0 090
00:49:40 32 -92 50 0 -0.06 -0.45 -0.11 342 -2.146 35.0 98.0 208 30 000 2.0 090
00:49:50 31 -94 50 0 -0.30 -0.28 -0.12 341 -1.006 35.0 98.0 208 28 000 2.0 090
00:50:00 30 -96 49 0 -0.41 -0.34 -0.11 341 -1.445 35.0 98.0 208 32 000 2.0 090
00;50:10 30 -98 50 0 -0.43 -0.37 -0.09 341 -1.719 35.0 98.0 208 26 000 2.0 090
00:50:20 30 -101 50 0 -0.41 -0.27 -0.09 341 -1.089 35.0 98.0 208 45 000 2.0 090
00:50:30 29 -103 49 0 -0.49 -0.27 -0.09 340 -1.147 35.0 98.0 208 36 000 2.0 090
00:50:40 30 -106 49 0 -0.64 0.10 -0.10 340 1.272 35.0 98.0 208 33 000 2.0 090
00:50:50 31 -109 50 o -0.63 0.39 -0.10 341 3.111 35.0 98.0 208 40 000 2.0 090
00:51:00 33 -112 49 0 -0.62 0.43 -0.09 341 3.297 35.0 98.0 208 41 000 2.0 090
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Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Start Time [hrs:min:secl: 00:16:40
End Time firs: min:sec~ 00:51:05
Delta Plot Time [see]: 30

Date: 05-Feb-99 Time: 15:29:38
East-WestScale [m]: 926.
East-West ScaIe [Nm]: 0.5000
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HANDS-ON SIMULATION

SUCTION MOORNG TECHNOLOGY

Simulation Number: 34 Date: 5 February 1999
Start Time: 16:28
Length of run [sees]: 3540

Ship Condition: draft =13.72 m

Environment
Wind Speed [knots] :. . . . . . . . . . . . . . . . . . . . . . . . 40 Direction: O

Sea State, Significant wave height [m]:.. 8 Direction: 180

Current Speed [knots] :. . . . . . . . . . . . . . . . . . . . .. 2 Direction: 90

Ship Operator: J.A. Observer: B.K.J

Final Mating, distance between center of buoy and center of moon pool [m]: 1.7

Evaluation:

Mating was made in the first try.
The captain did not deceleratefast enough. Almost at the buoy the captain backed to kill
way and in so doing the current took the ship. He ended up usingfull ahead and hard
left. The ship sailed away, and the captain brought it back and then it took long time to
wait for small waves while the buoy was near to the center of the moon pool.
During this exercise the captain was able to move the ship sideways with no forward
speed, The RPM was set to 47, the rudder 35 degrees starboard, and the thruster about
225 degrees with 100 percent power.
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Shiphandl ing Simulator Sxercise date & time: 05-Feb-99
16:28:24

Ship : 591 150,000 ton, Tanker, partial load
Exercise number: 754 Suetion Mooring System

E

enario: .112 Open Ocean
file: 999 Dummy tug file based on containersbip

affic ships: 590 Suction Mooring BUOY
Initial conditions: 594 150k tanker in partial load - Suction Mooring
Exercise identification: RUN k 34

Time Position (m) RPM Speed (Knots) Turn Rudder

HH:NM:SS
Gill Wind Current

East North Port Stbd Long Bow Stern Heading DegfMin Deg % Deg Knots Deg Knots Deg
----------------------------------------------------------------------------------------------------------------------------

00:33:20 42 -89 45 0 0.32 -0.11 0.06 341 -1.087 31,0 100.0
00:33:30 41

214 41 000 2.0 090
-88 46 0 0.17 -0.35 0.01 340 -2.297 35.0 100.0

00:33:40
214 36

40
000 2.0 090

-88 46 0 0.07 -0.68 -0.02 340 -4.217 35.0 100.0
00:33:50

214 35
38

000 2.0 090
-88 46 0 -0.01 -0.69 -0.04 339 -4.140 35.0 100.0

00:34:00 36
188 28 000 2.0 090

-89 46 0 -0.12 -0.61 -0.04 338 -3.647 35.0 100.0
00:34:10

137 30
35

000 2.0 090
-90 45 0 -0.14 -0.54 -0.04 338 -3.224 35.0 100.0

00:34:20 34 -91 45
096 35

0
000 2.0 090

-0.13 -0.63 -0.03 337 -3.775 35.0 100.0 096 31
00:34:30 33 -93 46

000 2.0 090
0 -0.23 -0.48 -0.04 337 -2.804 35.0 100.0

00:34:40
121 36

32
000 2.0 090

-95 46 0 -0.28 -0.22 -0.05 336 -1.098 35.0 100.0
00:34:50 33 -96 46

121 38 000 2.0 090
0 -0.31 -0.03 -0.07 336 0.222 35.0 100.0

00:35:00 33 -98 47
121 40 000 2.0 090

0 -0.40 0.07 -0.08 336 0.954 35.0 100.0
00:35:10 34 -1oo 51

121 26 000 2.0 090
0 -0.49 -0.03 -0.10 336

00:35:20
0.447 35.0 100.0 121 46 000 2.0

35
090

-103 51 0 -0.50 -0.08 -0.12 337 0.240 35.0 100.0 031 35
00:35:30 35

000 2.0 090
-105 51 0 -0.43 -0.21 -0.14 337 -0.455 35.0 100.0 031 38

00:35:40 35 -107 50
000 2.0

0
090

-0.42 -0.11 -0.15 336 0.259 35.0 100.0
00:35:50 36 -110 50

063 32 000 2.0
0

090
-0.46 0.22 -0.16 337 2.443 35.0 100.0

00:36:00 37
063 34 000 2.0 090

-112 51 0 -0.50 0.56 -0.18 337 4.682 35.0 100.0 063 40
00:36:10 39

000 2.0 090
-113 51 0 -0.30 0.76 -0.21 338 6.116 35.0 100.0 063 42

00:36:20 41
000 2.0 090

-114 52 0 -0.06 0.65 -0.20 339 5.401 35.0 100.0 063 37
00:36:30 42 -113 48

000 2.0
0

090
-0.02 0.64 -0.18 340 5.199 27.6 100.0

00:36:40 43
063 34 000 2.0 090

-113 48 0 0.01 0.58 -0.10 341 4.311 18.2 100.0 306 34
00:36:50

000 2.0
44

090
-112 47 0 0.05 0.43 -0.01 341 2.832 13.0 100.0 298 35

00:37;00
000 2.0

45
090

-112 48 0 0.06 0.41 0.07 342 2.131 10.4 100.0 298 47
00:37:10 46

000 2.0 090
-111 49 0 0.14 0.07 0.15 342 -0.500 19.1 100.0

00:37:20 45
298 25 000 2.0 090

-110 49 0 0.18 -0.55 0.13 342 -4.320
00:37:30

35.0 100.0
44 -110 49 0 0.19

315 46 000 2.0 090
-0.53 0.06 341 -3.781 35.0 100.0

00;37:40
000 41 000 2.0

43
090

-109 49 0 0.17 -0.27 -0.01 340
00:37:50

-1.695 35-0 100.0 000 40
42 -109 49

000 2.0
0

090
0.18 -0.30 -0.07 340 -1.451 35.0 100.0 000 46

I

:38:00
000 2.0

40
090

-108 49 0 0.25 -0.19 -0.13 340 -0.386 35.0 100.0
:38:10 39 -107 49

000 45
0

000 2.0 090
0.25 -0.13 -0.18 340 0.346

:38:20
35.0 100.0

38
060 38 000 2.0 090

-106 48 0 0.27 0.06 -0.22 340 1.773 35.0 100.0 033 40
00:38:30

000 2.0
37

090
-104 49 0 0.36 0.16 -0.26 341 2.667 35.0 100.0

00:38:40 36 -103 49
355 32 000 2.0

0
090

0.33 0.00 -0.29 341
00:38:50

1.857 31.0 100.0 329 34
35

000 2.0 090
-102 48 0 0.24 -0.03 -0.26 341 1.496 25.7 100.0

00:39:00 34 -101 48
342 40 000 2.0

0
090

0.18 -0.02 -0.22 341 1.287 21.4 100.0 093 36
00:39:10 33

000 2.0 090
-1oo 49 0 0.15 0.14 -0.12 342 1.649 10.4 100.0

00:39:20 33
000 41 000 2.0 090

-99 49 0 0.20 0.20 -0.01 342 1.321 12.0 100.0
00:39:30 34 -98 49 0

000 32
0.25

000 2.0 090
0.25 0.07 342 1.105 11.2 100.0

00:39:40 34 -97 48
322 44

0
000 2.0 090

0.29 0.20 0.13 342 0.450
00:39:50 34

11.2 100.0
-95 49 0

274 49
0.41

000 2.0 090
0.18 0.17 342 0.123 12.1 100.0

00:40:00 35 -92 44 0
274 38 000 2.0

0.49
090

0.36 0.19 342 1.038 8.7 100.0 238 35
00:40:10

000 2.0
36

090
-89 45 0 0.43 0.49 0.25 343 1.529 3.6 100.0 2?13 37

00:40:20
000 2.0

37
090

-87 45 0 0.35 0.40 0.34 343 0.396 2.3 100.0 213 34
00:40:30 38 -84 45 0 0.44

000 2.0 090
0.09 0.45 343 -2.331 -7.2 100.0 213 37

00:40:40 38
000 2.0 090

-82 45 0 0,45 -0.18 0.53 342
00:40:50

-4.543 9.0 100.0 213 37
38

000 2.0 090
-80 44 0 0.37 -0.42 0.51 341 -5.938 28.0 100.0 213 34

00:41:00 37
000 2.0 090

-78 44 0 0.28 -0.63 0.43 340
00:41:10

-6.741 35.0 100.0
37 -77 43 0

192 32
0.08

000 2.0 090
-0.51 0.35 339

00;41:20
-5.473 35.0 100.0 225 39

36
000 2.0 090

-77 43 0 0.00 -0.19 0.26 338 -2.866 35.0 100.0 225 33
00:41:30

000 2.0
36

090
-77 43 0 0.05 -0.45 0.19 338 -4.062 35.0 100.0 225 34

00:41:40 35
000 2.0 090

-77 43 0 0.06 -0.77 0.15 337 -5.835 35.0 100.0 179 36
00:41:50

000 2.0
34

090
-78 43 0 -0.05 -0.59 0.10 336 -4.337 35.0 100.0

00:42:00 33
179 37 000 2.0 090

-79 43 0 -0.18 -0.54 0.07 335 -3.817 35.0 100.0 145 28
00:42:10

000 2.0
32

090
-80 43 0 -0.28 -0.39 0.05 335 -2.779 35.0 100.0

00:42:20 32
145 38 000 2.0 090

-82 43 0 -0.34 -0.48 0.03 334 -3.205
00:42:30

35.0 100.0
32

111 39 000 2.0 090
-85 44 0 -0.49 -0.79 0.02 334 -5.159 35.0 100.0

00:42:40 31
111 44 000 2.0 090

-88 55 0 -0.58 -0.71 -0.02 333 -4.336 35.0 100.0 180 36
00:42:50 31 -92 55

000 2.0
0

090
-0.61 -0.63 -0.08 332 -3.441 35.0 100.0 180 30

00:43:00 31 -96 55
000 2.0

0
090

-0.68 -0.52 -0.14 332 -2.384 35.0 100.0 180 40 000 2.0
00:43:10 31

090
-1oo 57 0 -0.71 -0.34 -0.20 332 -0.903 35.0 100.0

00:43:20 32 -103 73
180 29 000 2.0

0
090

-0.69 0.01 -0.37 332 2.361
00:43:30

35.0 100.0
33 -107 73

180 40 000 2.0 090
0 -0.57 0.45 -0.54 332 6.260 35.0 100.0 180 30

00:43:40 34 -109 73
000 2.0

0
090

-0.39 0.84 -0.67 334 9.528
00;43 :50

35.0 100.0
35

180 29 000 2.0 090
-110 66 0 -0.30 0.92 -0.73 335 10.462 35.0 100.0 180 37

00:44:00 36
000 2.0 090

-111 62 0 -0.25 0.55 -0.71 337 8.054 35.0 100.0
00:44:10

180 49 000 2.0
36

090
-113 62 0 -0.21 0.32 -0.72 338 6.632

00:44:20
35.0 100.0

35 -114 61
180 34 000 2.0

0
090

-0.21 0.41 -0.67 339 6.823

P

22.1 100.0 180 49
:44:30 35

000 2.0 090
-115 61 0 -0.30 0.35 -0.46 340 5.158 10.6 100.0 180 40 000 2.0

:44:40 36 -117 72
090

0 -0.25 0.03 -0.26 341 1.846 12.1 100.0 180 39
0:44:50 35

000 2.0 090
-118 73 0 -0.10 -0.15 -0.17 341 0.125 17.1 100.0 180 41

00:45:00 35
000 2.0 090

-118 74 0 0.02 -0.14 -0.14 341
00:45:10

-0.020 18.1 100.0 180 33 000 2.0
34

090
-118 74 0 0.22 -0.20 -0.15 341 -0.279 19.2 100.0 180 44

00:45:20
000 2.0

32
090

-117 68 0 0.29 -0.21 -0.18 341 -0.170 19.8 100.0 180 32 000 2.0 090

i.,
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Time
HH:MM:SS
--.------

!
:45:30
:45:40
:45:50

00:46:00
00:46:10
00:46:20
00;46:30
00:46:40
00:46:50
00:47:00
00:47:10
00:47:20
00:47:30
00:47:40
00:47:50
00:48:00
00:48:10
00:48:20
00:48:30
00:48:40
00:48:50
00:49;00
00:49:10
00:49:20
00:49:30
00:49;40
00:49:50
00:50:00
00:50:10
00:50:20
00:50:30
00;50:40
00:50:50
00:51:00
00:51:10
00:51:20
00:51:30
00:51:40

B

:51:50
:52:00
:52:10

00:52:20
00:52:30
00:52:40
00:52:50
00:53:00
00:53:10
00;53:20
00:53:30
00:53:40
00:53:50
00:54:00
00:54:10
00:54:20
00:54:30
00:54:40
00:54:50
00:55:00
00:55:10
00:55:20
00:55:30
00:55:40
00:55:50
00:56:00
00:56:10
00:56:20
00:56:30
00:56:40
00:56:50
00:57:00
00:57:10
00:57:20
00:57:30
00:57:40
00:57:50
00:58:00
00:58:10

P

:58:20
:58:30

0:58:40
00:58:50

Position (m) RPM
East North Port Stbd

------------------------------

31 -116 69 0
31 -115 69 0
30 -114 68 0
28 -112 62 0
26 -111 61 0
24 -111 61 0
23 -111 62 0
23 -111 62 0
22 -111 68 0
23 -110 68 0
23 -109 71 0
24 -107 71 0
25 -104 71 0
25 -101 63 0
26 -98 58 0
27 -94 56 0
28 -91 35 0
28 -89 35 0
28 -86 34 0
28 -85 34 0
29 -83 34 0
29 -82 34 0
30 -82 30 0
30 -82 31 0
29 -83 46 0
28 -84 58 0
2a -87 63 0
28 -90 64 0
27 -93 61 0
27 -96 65 0
26 -99 65 0
26 -102 68 0
27 -105 68 0
28 -107 72 0
29 -108 73 0
30 -109 73 0
30 -110 73 0
30 -110 69 0
31 -110 38 0
32 -110 49 0
33 -111 58 0
34 -110 52 0
35 -109 48 0
35 -107 48 0
34, -105 48 0
34 -102 49 0
33 -1oo 49 0
32 -99 48 0
30 -97 49 0
28 -96 49 0
26 -95 49 0
25 -95 53 0
25 -94 56 0
26 -93 56 0
27 -92 56 0
28 -91 56 0
29 -89 49 0
30 -88 46 0
31 -87 47 0
32 -87 47 0
34 -86 46 0
35 -86 46 0
35 -as 47 0
36 -84 47 0
37 -84 46 0
38 -82 46 0
37 -81 47 0
37 -80 47 0
36 -80 46 0
35 -80 46 0
33 -82 47 0
32 -84 47 0
32 -86 53 0
32 -88 57 0
32 -90 61 0
32 -91 64 0
32 -92 63 0
32 -94 63 0
33 -95 64 0
34 -96 64 0
35 -97 64 0

:
Long
------.

0.21
0.26
0.39
0.39
0.27
0.07
0.01
0.05
0.07
0.17
0.27
0.41
0.51
0.52
0.57
0.57
0.49
0.45
0.38
0.24
0.15
0.13
0.01
-0.09
-0.15
-0.32
-0.50
-0.55
-0.52
-0.45
-0.47
-0.55
-0.47
-0.39
-0.28
-0.20
-0.14
-0.03
-0.05
-0.09
-0.04
0.09
0.27
0.45
0.46
0.41
0.43
0.38
0.31
0.28
0.25
0.15
0.10
0.10
0.20
0.34
0.23
0.09
0.02
-0.02
0.04
0.06
0.08
0.06
0.14
0.26
0.22
0.08
0.06

-0.01
-0.20
-0.32
-0.38
-0.37
-0.31
-0.24
-0.23
-0.25
-0.27
-0.28
-0.14

:peed (~
Bow

---------

0.02
0.08
-0.27
-0.40
-0.48
-0.34
0.08
0.08
0.11
0.28
0.41
0.54
0.52
0.28
0.18
0.28
0.14
-0.19
-0.25
0.06
0.16
0.01
-0.18
-0.47
-0.71
-0.76
-0.53
-0.55
-0.53
-0.36
-0.31
0.22
0.64
0.75
0.84
0.61
0.36
0.33
0.26
0.04
0.14
0.32
0.24
-0.05
-0.14
-0.07
-0.12
-0.20
-0.38
-0.46
-0.31
0.14
0.48
0.46
0.44
0.28
0.21
0.26
0.16
0.24
0.21

-0.07
0.01
0.28
0.13
-0.06
-0.16
-0.27
-0.46
-0.74
-0.79
-0.72
-0.39
-0.08
-0.06
-0.07
0.11
0.58
0.75
0.60
0.35

lots )

Stem
--------

-0.16
-0.05
-0.02
-0.08
-0.18
-0.29
-0.31
-0.21
-0.10
-0.06
-0.02
0.06
0.21
0.35
0.41
0.42
0.44
0.44
0.40
0.35
0.31
0.28
0.28
0.30
0.29
0.20
0.07

-0.06
-0.17
-0.28
-0.40
-0.50
-0.58
-0.63
-0.71
-0.66
-0.39
-0.03
0.11
0.19
0.15
0.16
0.21
0.22
0.16
0.08
0.00

-0.09
-0.13
-0.16
-0.19
-0.24
-0.20
-0.03
0.09
0.19
0.24
0.30
0.34
0.34
0.35
0.32
0.26
0.26
0.29
0.27
0.19
0.12
0.08
0.05
0.05
0.06
0.04

-0.05
-0.13
-0.24
-0.35
-0.44
-0.47
-0.34
-0.12

Heading
---------

341
341
341
341
340
340
340
341
341
341
342
342
343
343
343
342
342
342
341
341
340
340
340
339
338
337
336
336
335
335
335
335
337
338
339
341
342
343
343
343
343
343
343
343
343
342
342
342
342
342
341
341
342
343
343
343
343
343
343
343
343
343
342
342
342
342
342
341
341
340
339
338
338
337
337
337
338
339
340
341
342

Turn
DeglMin

.----------.

1.170
0.808

-1.623
-2.035
-1.907
-0.312
2.455
1.849
1.292
2.152
2.727
3.055
1.958

-0.417
-1.425
-0.854
-1.899
-3.970
-4.088
-1.816
-0.912
-1.720
-2.884
-4.882
-6.364
-6.089
-3.763
-3.067
-2.314
-0.524
0.588
4.591
7.751
8.786
9.811
8.077
4.764
2.287
0.917

-0.932
-0.029
0.966
0.172

-1.681
-1.909
-0.931
-0.721
-0.675
-1.591
-1.912
-0.740
2.419
4.318 ,
3.108
2.215
0.583

-0.194
-0.276
-1.140
-0.653
-0.898
-2.458
-1.548
0.097

-1.044
-2.059
-2.224
-2.475
-3.454
-5.037
-5.311
-4.951
-2.736
-0.200
0.426
1.103
2.924
6.464
7.690
5.966
2.981

Rudde]
Deg
-------

12.1
10.2
19.7
26.6
32.3
32.9
24.4
11.4
10.1
15.7
11.5
5.8
0.7
3.0
8.3

10.5
16.2
31.2
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
19.0
0.0
1.0
13.1
27.3
21.9
15.2
16.7
24.0
30.8
32.6
34.6
35.0
35.0
35.0
35.0
32.6
13.6
7.8
7.1
8.9
11.4
12.3
18.9
19.0
21.6
25.2
26.6
13.7
19.3
28.4
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
35.0
28.4
14.3
3.9

Gill
% Deg

------------- .

100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 180
100.0 330
100.0 000
100.0 000
100.0 331
100.0 331
100.0 327
100.0 306
100.0 335
74.0 063
74.0 084
99.0 084
99.0 122
99.0 122
99.0 122
99.0 237
99.0 217
99.0 217
99.0 217
99.0 233
99.0 210
99.0 235
99.0 235
99.0 273
99.0 236
99.0 268
99.0 268
99.0 208
99.0 208
99.0 208
99.0 208
99.0 134
99.0 112
99.0 112
99.0 112
99.0 112
99.0 112
99.0 112
99.0 112
99.0 112
99.0 112
99.0 112

Wind
Knots Deg
.------------.

37 000
37 000
42 000
41 000
49 000
28 000
40 000
44 000
40 000
39 000
36 000
40 000
37 000
41 000
33 000
32 000
32 000
35 000
32 000
39 000
41 000
39 000
33 000
39 000
42 000
30 000
28 000
32 000
26 000
45 000
36 000
33 000
40 000
41 000
41 000
38 000
36 000
39 000
38 000
32 000
51 000
32 000
43 000
36 000
33 000
41 000
46 000
36 000
37 000
46 000
45 000
47 000
31 000
41 000
29 000
38 000
33 000
35 000
35 000
41 000
40 000
37 000
44 000
38 000
29 000
30 000
39 000
31 000
38 000
30 000
31 000
41 000
37 000
35 000
32 000
33 000
45 000
35 000
39 000
44 000
34 000

Current

Knots Deg
-----------

2.0 Ogo
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
2.0 090
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1

Simulation Track Plot
Open Ocean
Ship: 150,000 ton, Tanker, partial load

Date: 05-Feb-99 Time: 16:28:24
I

Start Time [hrs:min:secl: 00:33:20
End Time f,ks:min:sec]j 00:59:00
Delta Plot Time [secl: 30
East-West Scale [m]; 926.
East-West Scale Nm]: 0.5000
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1.0 Introduction
,’

.,

This report is the result of Sewice Order SOW/0321 entered into between Hamilton Oil
Co. Ltd. and Jens Korsgaard P.E. on April 14, 1994.

The service order relates to the mooring system for the Oil Loading Unit (OLU) for the
Liverpool Bay Development Project.

me objectives of the work were:

o To model test and assess the feasibility of a novel synthetic fiber rope mooring
for a submersible mooring buoy

o To model test and determine the operational limits for the mooring technology
developed by Mr. Jens Korsgaard called the Suction Mooring Technology (SMT).
SMT consists of mooring a vessel to a submersible buoy by means of a
combination of hydrostatic pressure differentials and friction.

The model tests were carried out at the Danish Maritime Institute (DMI) May 8 through
May 101994 under a contract between Jens Korsgaard and DMI.
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2.0 Summary and Conclusions

In a series of communications between Hamilton Oil Co. Ltd. and Jens Korsgaard P.E.
in the period September 93 to March 94, conceptual designs for disconnectable moorings
for either a shuttle tanker or a Floating Storage Unit (FSU) to be moored in Liverpool Bay
for the Liverpool Bay Development Project had been presented. The designs had two
novel aspects:

1. The mooring system is a standard submersible Catenary Anchor Leg Mooring
(CALM) with a radially deployed anchor line mooring system. However, while the
standard system employs only wire rope and/or chain in the anchor line, the
anchor line in the new system was comprised of synthetic polyester rope and
chain.

2. The mooring is based on the suction mooring technology in which the vessel
at least for part of the time is held by a buoy which is forced onto the hull of the
tanker by differential hydrostatic pressure, obtained by having a pump take suction
in the isolated volume between the top of the buoy and the hull of the vessel.

The first of the above innovations makes it possible to employ submersible CALM buoys
in shallow water, it also causes the elastic response of the buoy to become virtually linear
in contrast to the strongly non-linear response which is typical for chain or steel
wire/chain mooring systems. A secondary benefit of employing synthetic rope is that such
rope is nearly weightless in sea water, therefore the synthetic rope exhibits very little
catenary action. This factor makes it possible to deploy this type of mooring in wide range
of water depths and yet:

o The elastic characteristics of the mooring changes vary little with water depth.
This factor reduces the need for specific water depth related designs and makes
it possible to standardize the mooring design and make moorings made up entirely
of a few standardized components, capable of being used in wide range of water
depths.

o The mooring may be reused in another project with approximately the same
design forces, but with a much different water depth by changing its configuration
very little or not at all.

The patented second innovation makes it possible to moor and unmoor in extreme waves
at an unprecedented speed. The actual mooring process lasts less than a minute from
there being no physical contact or connection between the vessel and the mooring
system to the vessel being completely securely moored. Because of this extreme speed
of mooring the vessel need not keep station at the point of mooring, it is sui%cient that
the mooring area on the vessel drifts slowly through the target area. This factor also

2-1
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contributes to the low cost and reliability of the system.

In the course of the discussions with Hamilton Oil Co. several version were presented
including some which have normal structural connections between the buoy and the
vessel, however, the systems which were model tested were those in which the vessel
is moored solely by the friction between the vessel and the buoy. The buoy is held
securely to the bottom of the vessel by differential hydrostatic pressure.

The modeled buoy had 16 mooring legs, represented in the model by 6 legs such that
the 6-leg assembly was equivalent in stiffness to the prototype 16 leg system. Although
the prototype system will include means to lower the pressure between the buoy and the
vessel hull to below atmospheric pressure, the model did not have this capability. In the
model the lowest possible pressure at the top of the buoy was atmospheric pressure at
a level slightly above the bottom plating elevation of the vessel.

The tests were deliberately planned so that the model set-up would have inferior
capabilities to the prototype system with the objective of establishing the capability limits.
In spite of this no failure or difficulty occurred in any of the tests.

The tests were conducted in the towing tank at the Danish Maritime Institute in Lyngby,
Denmark. The prototype water depth in all tests was 29.8 meters. The scale was 1:50. A
stock tanker of 125,000 DWT size was used. The tanker was modified to incorporate the
suction mooring technology mooring system. The tanker was used in two loading
conditions, fully loaded with a displacement of 149,000 tonnes and in ballasted condition
with a displacement of 60,000 tonnes.

The towing tank was too deep for the planned tests and therefore the carriage was fitted
with a false bottom to create shallow water. Current was generated in the model by
towing the model set-up through the tank at appropriate speeds. Wind was simulated by
applying a constant force. All environmental actions were collinear in the tests.

The test report from the Danish Maritime Institute is included in Enclosure D and it
describes the test set-up and test results in detail.

The metacentric height of the buoy while being raised without a retrieval line was lower
than intended due to a misunderstanding by the model tests laboratory, therefore the
rolling and pitching of the buoy while being raised by compressed air is larger than the
prototype buoy. While the model buoy performed satisfactorily during all tests without a
retrieval line, the corresponding prototype buoy can be expected to perform significantly
better. The model buoy being retrieved with a retrieval line always had the proper
metacentric height.

2-2
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The wave conditions used during the tests are given below in table 2-1.

Wave ID H. (m) TZ (see)
A 6.6 10.1
B 7.7 13.1
c 5.6 9.3
D 5.0 8.9
E 4.7 8.0
F 4.1 7.7

Table 2-1 Test Wave Conditions

A list of all tests with the object of determining the mooring force and main results are
given below in table 2-2.

Run Wave Vessel
No. ID Displacement

% of full

1100 A
1110 A
1120 A
1200 B
1300 c
1400 D
1410 D
1420 D
1500 E
1600 F
2100 A
2110 A
2120 A “
5110 A
5120 A
6100 A

, 6110 A
6111 A
6120 A

100
100
100
100
100
100
100
100
100
100
100
100
100
40
40
40
40
40
40

Current
Speed
+ head
- follow
(m/see)

o
-1.07
+ 1.07

0
0
0

-1.07
+ 1.07

0
0
0

-1.07
+ 1.07
-1.07
+ 1.07

0
-1.07
- i .07
+ 1.07

Wind
Force
tonnes

51
51
51
51
51
51
51
51
51
51
51
51
51
54
54
54
54
0

54
** Force in the leg with the largest force (6-leg system)

Table 2-2 Mooring Test Results

2-3

Mooring

Intact
Intact
Intact
Intact
Intact
Intact
Intact
Intact
Intact
Intact ‘
- one leg
- one leg
- one leg
Intact
Intact
- one leg
- one leg
- one leg
- one leg

Maximum
Horizontal
Mooring
Force
tonnes
365
432
389
523
306
365
295
352
277
172
210 **
178 **
252 **
366
377
202 **
191 **
203 **
209 **
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A list of all tests with the object of determining the feasibility of the mooring process is
given below in table 2-3. “

Run Wave
No. Height

7100 6!6
7110 6.6
7200 7.7
7400 5.0
7420 5.0
7500 4.7
7520 4.7
7600 4.~
8100 6.6
810fl 6.6
8400 5.0
8401 5.0
8500 4.7
8501 4.7
8520 4.7
8600 4.1
3100 6.6
3600 4.1
3601 4.1
4600 4.1

Vessel Retrieval Cone Number
Displacement
% of full

40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

100
100
100
100

Line

no
no
no
no
no
no
no
no

yes
yes
yes
yes
yes
yes
yes
yes
no
no
no

yes

no
no

. no
no
no
no
no
no

yes
no

yes
no

yes
no

yes
yes
yes
yes
no

yes

of
Matings

3
4
4
5
5
4
3
4
5
8
6
7
6
7
4
7
1
2
2
2

Largest
Impact
% of allow.

20
low
58
10
65

low
38
5

258
24

low
11

195
6

75
123
43
46

low
low

Table 2-3 Results of Mooring/Unmooring Tests

The main conclusions are the following:

o A tanker moored solely by differential hydrostatic pressure and the resulting “
friction between the buoy and the vessel remains safely moored in all tested

I

environmental conditions (waves up to H~=7.7 meters).

o An actual full scale system could easily incorporate double the friction compared
to that obtained in the model thereby ensuring an adequate safety factor in actual

:.

,
use.

;,
;!

I

o The best and safest mooring configuration is one in which the buoy has a flat
top and is not fitted with a retrieval line. This configuration performed very well in
all mooring tests.
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0 The next best configuration is a flat top buoy with a retrieval line. This
configuration also performed well in all mooring tests and exhibited the lowest
impact energies.

o A buoy with an upward pointing male cone, joining a corresponding female
cone in the hull, suffered damaging horizontal impacts between the male and
female cones in all wave heights tested. This configuration is not recommended.lt
is probable that a buoy could be constructed of this type which could safely moor
in wave heights up to 5 meters.

o The linear characteristics of the tested mooring system causes very substantial
reductions in the mooring forces experienced compared to an equivalent non-linear
wire rope chain system. Therefore the tested system will require reduced anchor
and chain dimensions compared to the traditional wire rope/chain system.
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3.0 Mooring Buoy and System of Operations.

The system tested is a mooring system of the suction mooring technology type. The
Suction Mooring Technology is described in more detail in enclosure B. The buoy is
designed to resist a mooring force of 1200 tonnes and is fitted with 16 anchor legs.

The tested system is near the limit of what can practically be achieved using a
submersible buoy. The prototype water depth in the tests was 29.8 meters, leaving only
a couple of meters clearance between the buoy and the sea bed when a fully loaded
tanker was moored at extreme wave conditions and experienced extreme downward
excursions.

3.1 Buoy Configuration.

The tested buoy is shown on figure 3-2. The buoy is comprised of three parts:

A. The part attached to the vessel. This part is cushioned on the top by standard
dock fenders acting as, fenders, compression elements, and friction pads. In
addition this part is fitted with concentrically deployed pliable fluid seals. Part A is
fitted with permanent buoyancy and deballasting tanks are normally not fitted in
this part.

B. The part anchored to the sea bed. This part includes all anchor line
connections, riser connections, and fluid and signal connections between the .

vessel and the sea bed. Fluid swivels are not included in the buoy but are located
on the vessel. This pafl is a cylindrical drum which is used routinely as a
deballasting chamber. Part B usually also includes compressed air storage tanks.

C. The bearing Eetween parts A and B. This bearing enables the ship to weather
vane.

Because of the shallow water depth the buoy would normally descend all the way to the
sea bed when not moored to a vessel. This is in contrast to buoys in deeper water which
are normally designed to descend to a predetermined water depth rather than all the way
to the bottom. “ “,

The model test facility had been requested to make the model buoy in accordance with
fig 3-1. In reality they made the buoy as indicated on fig 3-2. This deviation resulted in the
model buoy having a lower metacentric height when partly ballasted. This had only a
practical effect in the cases in which the buoy was deballasted by compressed air. In the
case of using retrieval lines to retrieve the buoy there was no internal free water surface,
therefore these cases had approximately the intended metacentric height.

I
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Fig. 3-1 Specified Model Buoy
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Two buoy configurations were tested as indicated on figure 3-1. A configuration with the
top conical guide, fitting a corresponding female guide in the vessel was tested, and the

.,

alternative configuration with a flat top on the buoy.

3.2 System of Operation
,.

Three ways of mooring the vessel were tested:

A. Buoy configuration with a male cone retrieved by means of a buoyant retrieval
line.

B. Flat top buoy retrieved by means of a buoyant retrieval line.

C. Flat top buoy retrieved by deballasting with compressed air.

Three different deballasting systems were used during the tests mentioned under C
above:

1. Blowing compressed air into the deballasting chamber to force the ballast water
out. Ballast water was let back in by removing the compressed air supply.

, ..
,.,

2. Same as one, however, compressed air of equal pressure was applied to both
the inlet and outlet to stop the water flow. Ballast water was let back in by

:’

removing the compressed air supply.

3. A reversible P-D pump was connected to the ballast chamber water connection.
The air supply connection was connected to the atmosphere.

System 1 was used in all cases when mooring a fully loaded vessel. System 2 was used
for the initial tests with a ballasted vessel, and system 3 was used for the last tests with
a ballasted vessel. System 1 could not be properly controlled, whereas systems 2 and 3 ‘,~

could be controlled properly, however, it took too long to reballast the buoy during
unmooring using system 2, therefore a switch was made to system 3.

In all cases using systems 2 and 3 the system was tuned to produce a prototype ascent
rate of 0.1 m/see of the buoy in the water column.

In all mooring attempts in the model a dynamic positioning system was approximately
emulated by controlling the bow of the vessel by three soft elastic ropes attempting by
this means to hold the mooring area of the vessel in proper relations to the buoy.

f
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The actual procedure was equivalent to the planned prototype procedure in which the
vessel while still some distance away commands the buoy acoustically to rise to a level
about 2 to 3 meters below the keel of the vessel. When the buoy had risen to this level
further deballasting is stopped until the movement of the vessel in relation to the buoy is
judged to be opportune and the command is issued to resume the ascent. Approximately
30 seconds later (prototype time) the buoy makes contact with the vessel and blocks the
bow thruster intake. About 10 seconds later (prototype time) the buoy is securely held
onto the vessel by the differential hydrostatic pressure caused by the bow thruster
suction.

3.3 Model Vessel Configuration

The model vessel had the following characteristics:

L:
PP

258 meters
B: 40.6 meters
Draft: 16.5 meters (fully loaded)
Displacement: 148,950 tonnes (fully loaded)

Additional data on the model vessel is available in enclosure D.

The vessel was equipped with two pumps emulating a bow thruster of the Omnithrusters
type or the Elliot Turbo Machinery type. These thrusters take water in at the keel and
expel it remotely from the intake area. The prototype pumps would have pumping
capacities between 6 and 11 m3/sec whereas the model pumps had a combined capacity
corresponding to a prototype pumping rate of 4.5 m3/sec. Thus the model vessel
capabilities were significantly below those of the prototype vessel.

A brochure by Elliot Turbo Machinery is enclosed as Enclosure C.
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4.0 Impacts between the Buoy and the Vessel

The impacts which were experienced between the buoy and the vessel during the tests
depended strongly upon the configuration of the buoy and the method of retrieval. As
indicated in the previous chapter three
system were tested:

1. Buoy with a conical mating
retrieval line.

combinations of buoy configuration and retrieval

structure and a constant tension winch and a

2. Flat top buoy and a constant tension winch and a retrieval line.

3. Flat top buoy and no retrieval line using compressed air deballasting of the buoy
as the means of raising it to the ship’s bottom.

System 1 permits horizontal impacts between the conical mating structure on the buoy
and the corresponding female cone in the vessel when the male cone enters the female
cone in the vessel. All systems permit vertical impacts between the buoy and the bottom
of the vessel. Systems 2 and 3 do not permit horizontal impacts between the buoy and
the vessel but only vertical impacts.

While the model did not include fendering with the proper stiffness characteristics the
model dimensions were based on the provision of specific dock fender units as indicated
in figs. 4-1 and 4-2. In the model it was assumed that the fender was already
compressed. The model fender was very stiff compared to the prototype fender and
therefore only compressed very little during the tests.

The actual performance of the prototype fenders are given in table 4-1.

The performance figures are based on the recommendations by the fender manufacturers
and conform to the practice for dock fenders.

For purposes of this report the maximum energy experienced in a test is arbitrarily set to
the manufacturer’s recommended allowable energy. From this criteria the actual energy
experienced in each impact has been caculated as a percentage of the allowable energy.

The actual impact energies experienced during the tests were determined through
examination and analysis of the video tapes produced during the tests. An underwater
camera had a nearly stationary position relative to the buoy and far removed from the
buoy. By examining the video frames from this camera one by one (every 0.02 sees) both
the relative angular and translational velocities between the vessel and the buoy can be
closely estimated. By analyzing individual frames on the video the impact energies can
be estimated with an accuracy of about +- 20% from the velocities immediately prior to
the impact.

/
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Buoy with Cone

Fig. 4-2 Fenders



Type of Buoy Tilt Maximum Maximum
Horizontal Vertical
Impact Impact
Velocity Velocity
(m/see) (m/see)

With cone N.A. 0.81 see below

Flat Top 0.05 N.A. 2.4
Flat Top 0.10 N.A. 1.95
Flat Top 0.15 N.A. 1.55
Flat Top 0.20 N.A. 1.30
Flat Top 0.25 N.A. 1.15

Table 4-1 Allowable Fender Impact Velocities

All the photos taken from the video tapes are shown in enclosure A. The geometric
computations are shown in handwriting on the pictures and the resulting distances and/or
angles are shown below each photo. The distances are derived from the known
dimensions of the buoy and by using these as scales for the distance measurements.

When a buoy with a male cone as per system 1 impacts the female cone in the vessel
both central and eccentric impacts are possible. In consequence all impacts have been
conservatively estimated to be central impacts. Vertical central impacts between the buoy
and the vessel bottom are possible.

Flat top buoys as per system 2 and system 3 cannot impact the vessel horizontally, only
vertical impacts are possible. Central vertical impacts are possible, but cannot cause
damage because these impacts are cushioned by the water between the buoy and the
vessel hull. The water pressures which would build up would cause large accelerations
of the buoy thereby preventing complete compression of the fenders.

Only eccentric impacts with flat top buoys as per systems 2 and 3 can cause damage to
the buoy or the vessel.

The analyses of the eccentric impacts were made on the basis that the buoy movement
consisted of pure rotation. On the average this assumption is correct, however, for any
one specific impact the assumption is conservative if the e.g. of the buoy moves away
from the vessel during the impact, and non-consewative if the e.g. of the buoy moves
toward the vessel during the impact. The resolution of the photos in general did not
permit an evaluation of this factor, it was therefore ignored.
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In the analysis of the impacts the reduction in the energy to be absorbed by the fender
due to some of the rotational movement being converted to translational movement was
ignored. This is a very conservative assumption which in almost all cases leads to an over
estimation of forces and energies to be absorbed by the fenders.

In the analysis of the runs a few instances were found in which there is a discrepancy
between the second digit in the run number. The confusion only exists between the digits .
5 and 6 and therefore the discrepancy may result in the wave heights 4.1 m and 4.7 m
being confused in some data. For the purpose of this report this discrepancy has not
been resolved, rather the information given in enclosure D (the DMI report) has been
assumed to be correct. The discrepancy has no impact on the conclusions to be drawn
from the tests.

The results of the tests are given below in table 4-2.

Run Wave
No. Height

m
7100 6.6
7110 6.6
7200 7.7
7400 5.0
7420 5.0
7500 4.7
7520 4.7
7600 4.1
8100 6.6
8101 6.6
8400 5.0
8401 5.0
8500 4.7
8501 4.7
8520 4.7
8600 4.1
3100 6.6
3600 4.1
3601 4.1
4600 4,1

Vessel Retrieval
Displacement Line
% of full

40 no
40 no
40 no
40 no
40 no
40 no
40 no
40 no
40 yes
40 yes
40 yes
40 yes
40 yes
40 yes
40 yes
40 yes

100 no
100 no
100 no
100 yes

Cone Number

no
no
no
no
no
no
no
no

yes
no

yes
no

yes
no

yes
yes
yes
yes
no

yes

of
Matings

3
4

4
5
5
4
3
4
5
8
6
7
6
7
4
7
1
2
2
2

Largest
Impact
YO of allow.

20
low
58
10
65

low
38
5

258
24

low
11

195
6

75
123
43
46

low
low

Table 4-2 Results of Mooring Tests
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5. OVessei remaining Moored by Differential Pressure and Friction.

A series of tests was carried out in which the vessel was moored and remained moored
by the action of differential hydrostatic pressure and friction only. The differential
hydrostatic pressure was created by having two pumps with a combined capaciw of 4.5
m3/sec take suction in the mooring well. Atmospheric air had free access to the well,
therefore the minimum possible absolute pressure inside the well was atmospheric
pressure at a level immediately above the keel of the vessel.

The external pressure in the 40% displacement situation was equai to atmospheric
pressure plus on the average 4.5 meters head. This modest pressure proved sufficient
in all cases to hold the buoy securely attached to the vessel. This was a surprising result
because in some cases the bow of the vessel slammed and in at least one case
atmospheric air reached the buoy. In this case it would appear that the internal pressure
would be the same or larger than the external pressure and therefore the buoy should
release immediately. [t is believed that the reason it did not happen is that the continuity
equation requires that the water filling the expanded volume between the buoy and the
vessel be accelerated to move into the void, and the time available did not permit this. For
the same reason the friction between the vessel and the buoy hardly diminished either.
Since the model laws governing the model tests (Froude’s Law) also governs this
phenomenon this result would also be obtained in the prototype.

In all the tests the buoy was held by pressure and friction only. In no tests did the buoy
ever slip. Considering the very low differential pressure used in all 40% displacement tests
it can be concluded that with a pump aboard the vessel capable of lowering the pressure
between the buoy and the vessel to say 50 kPa that an adequate safety factor against
slipping is assured and this type of mooring is safe in all wave heights tested.

The Mooring system modeled is comprised of 16 mooring legs made up of a combination
of polyester rope and chain as indicated in Figure 5-1. The mooring rope is almost
neutrally buoyant and therefore does not provide any significant catenary action. The
elasticity of the system is in consequence derived from a combination of the non-linear
elastic extension of the synthetic rope and the non-linear catenary action of the chain
legs. The combination of all these elastic elements result in a nearly linear stress-strain
curve as indicated on figure 5-2.

5-1
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Fig. 5-1 Buoy Mooring System
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The tests are described in more detail in Enclosure D, the report from the Danish Maritime
Institute. The details are not repeated here but the results are summarized beJOwin table
5-1.

Run Wave Vessel
No. ID Displacement

% of full

1100 A ~“~
1110 A
1120 A
1200 B 7*7
1300 c frL
1400 D S“O
1410 D
1420 D
1500 E 7“7
1600 F ?*’
2100 A
2110 A
2120 A
5110 A
5120 A
6100 A
6110 A
6111 A
6120 A

** Not measured

100
100
100
100
100
100
100
100
100
100
100
100
100
40
40
40
40
40
40

Current
Speed
+ head
- follow
(m/see)

o
-1.07
+ 1.07

0
0
0

-1.07
+ 1.07

0
0
0

-1.07
+ 1.07
-1.07
+ 1.07

0
-1.07
-1.07
+ 1.07

Wind
Force
tonnes

51
51
51
51
51
51
51
51
51
51
51
51
51
54
54
54
54
0

54

Mooring

Intact
Intact
Intact
Intact
Intact
Intact
Intact
Intact
intact
Intact
- one leg
- one leg
- one leg
Intact
Intact
- one leg
- one leg
- one leg
- one leg

‘.

:’

Maximum
Horizontal
Mooring
Force
tonnes
365
432
389
523
306
365
295
352
277
172
**
**
**

366
377
**
**
**
**

,,,,

I

Table 5-1 Mooring Test Results, Maximum Horizontal Buoy Force

[n table 5-2 below is given the largest force in the heaviest loaded leg of the 6-leg system
I

tested.

.,

I
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Run
No.

1100
11’1o
1120
1200
1300
1400
-1410
1420
1500
1600
2100
2110
2120
5110
5120
6100
6110
6111
6120

Wave Vessel
ID Displacement

% of full

A
A
A
B
c
D
D
D
E
F
A
A
A
A
A
A
A
A
A

100
100
100
100
100
100
100
100
100
100
100
100
100
40
40
40
40
40
40

Current
Speed
+ head
“ follow
(m/see)

o
-1.07
-t i .07

0
0
0

-1.07
+ -1.07

0
0
0

-1.07
+ 1.07
-1.07
+ 1.07

0
-1.07
-1.07
+ 1.07

Wind
Force
tonnes

51
51
51
51
51
51
51
51
51
51
51
51
51
54
54
54
54
0

54

Mooring

Intact
Intact
Intact
Intact
Intact
Intact
Intact
Intact
Intact
Intact
- one leg
- one leg
- one leg
Intact
Intact
- one leg
- one leg
- one leg
- one leg

Maximum
Horizontal
Force in
One Leg
tonnes
237
264
245
308
206
234
202
222
192
160
210
178
252
229
233
202
191
203
209

,4

. . .

Table 5-2 Maximum Force in the Heaviest Loaded Leg

:“!

5-4
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1. INTRODUCTION

This report presents the main results obtained from a study of a disconnectable mooring sys-

tem developed primarily for shuttle tankers. The study has been carried out for Mr. J Kors-

gaard, U.S.A. by Danish Maritime Institute.

The concept utilizes a moored buoy with a buoyancy chamber enabling the level of the buoy

below the surface to be controlled. The buoy is fixed to the vessel by the surrounding water

pressure, i.e. once the buoy has made contact with the vessel the water which is in the

moonpool and above the buoy is removed, thereby establishing a pressure difference. The

water from the moonpooi is removed by the bow thruster which has its intake close to the

moonpool orifice. Water leaking past the buoy/vessel sealing is removed continuously by a

drainage pump. Decoupling is performed by pumping water into the moonpool thereby

removing the pressure difference which otherwise holds the buoy to the vessel.

The objective of the study was primarily to investigate the feasibility of the concept from a

technical point of view, i.e. if it worked or not when exposed to harsh as well as moderate

environmental conditions and to clarify any limiting effects.

Physical model tests with the concept have been carried out with a typical vessel loaded to

two different draughts corresponding to fully and partially loaded. Both tests with the vessel

moored to the buoy and the mating / decoupling phase have been tested.

The tests where carried out in May 1994 and were supervised by Mr. J. Korsgaard.
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2. SUMMARY AND CONCLUSIONS

A series of physical model tests have been carried out with a disconnectable mooring system

developed primarily for shuttle tankers. The mooring system consists of a moored buoy which

when not in use is kept submerged at a certain level below the sea-surface. Once the shuttle

tanker has arrived and is positioned above the buoy, ballast water is removed from the buoy

which then rises up under the vessel. At the same time the fore thruster is used to pump water

from the moonpool thereby causing the buoy to be sucked to the vessel due to the pressure

difference. A large seal at the outer edge of the buoy prevents damage to the vessel and buoy

and ensures that a minimum amount of water is able to flood into the moonpool. Water, which

enters the moonpool, is continuously removed by drainage pumps. The reverse situation where

the vessel is to decouple from the buoy involves pumping water into the moonpool thereby

eliminating the holding pressure thus causing the buoy to release.

A number of tests have been carried out with atypical vessel loaded to two different conditions

corresponding to fully and partially loaded. The tests encompassed both the condition where

the vessel is moored to the buoy and held on station solely by the mooring system as well as

the mating / decoupling situations. In both types of tests the vessel was exposed to a range

of different environmental conditions covering both moderate and very harsh situations.

The results from the tests are presented in the form of statistical values for each run, time

series of e.g. mooring line forces and video tapes of all the tests.

None of the tests with the vessel attached to the buoy showed any indication of the buoy

slipping regardless of the environmental conditions which the vessel was exposed to.

Numerous mating and decoupling tests were carried out using either a retrieval line or con-

trolled buoyancy to bring the buoy up under the vessel. The tests showed that this operation

could be performed successfully with both methods under both moderate and severe

environmental conditions. Tests were carried out with and without the torus fender included.

These tests showed that the mating operation is easier to perform without the torus fender as

the fender tends to displace the buoy when the fender collides with the moonpool orifice.
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3. DESCRIPTION OF EXPERIMENTAL FACILITIES AND MODELS

This Chapter describes the vessel, buoy and various techniques used in this study. Further-

more, the documentation for the anchor system is included in this Chapter, while all other

results are presented in Chapter 8 and Appendix B.

3.1 Vessel Particulars and Loadinq Conditions

The main dimensions of the vessel are listed in Table 3.1 together with the two loading

conditions used.

Dimension 100% Loaded 40?40Loaded

Displacement (m3) 148950 60200
Length (Lpp) (m) 258.3 258.3
Breadth (m) 40.6 40.6
Depth (m) 21.9 21.9
Draught, fore (m) 16.5 5.95
Draught, aft (m) 16.5 7.95
Radii of gyration, r, (roii) (m) 16.3 15.6
Radii of gyration, rY(pitch) (m) 62.4 63.6
Radii of gyration, r, (yaw) (m) 62.4 64.5
Verticai distance to cog VC~ (m) ‘ 11.5 12.1
Longitudinal distance to cog LC~ (m) 8.6 6.7

Table 3.1. Vessei Particulars and Loading Conditions.

,

3.2 PhVsicai Modeiiinq

The model design is based on Froude scaling, which ensures that the gravitational and inertia

forces are modelied correctly if the Froude number is the same in the model as in fuli-scale.

Froude’s number is defined as:

F=dg;L

where g is the acceleration of gravity, L a characteristic iength and V a characteristic veiocity.
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Froude modelling leads to the following scales from full size to model:

Length : 1:50

Time : , :~o%

Mass : 1:(503 “ 1.025)

Force : 1:(503 “ 1.025)

The factor of 1.025 is used to compensate for the different water densities due to the fact that

the water in the tank is non-saline.

Froude’s model law assumes that the fluid is ideal, i.e. viscous forces are not modelied

correctly. Hence its validity is restricted to the potential flow regime. Therefore skin friction and

drag forces - depending of the geometry - are not modelled entirely correctly.

3.3 Experimental Models

This section gives a brief description of how the various models were built.

3.3.1 Vessel
.—=——-

A modified stock tanker was used for these tests. The modifications consisted of installing a

moonpool (1O m diameter) 40 m from the fore perpendicular.

The moonpool consisted of two tubes inserted into each other. The outer tube was fixed to the

vessel by a ring with a curved inner side which was mounted flush with the bottom of the hull.

The inner tube which could be moved up and down had a clear ceiling enabling the motion of

the buoy relative to the vessel to be monitored. The purpose of the ceiling was primarily to

reduce the volume of water which had to be removed. A small air-vent tube was led through

the ceiling thus ensuring that the minimum pressure in the chamber above the buoy

corresponded to the surrounding atmosphere. This tube was further used for the retrieval line.
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Two holes were made side by side and just in front of the moonpool where the curved ring

turns into the flat bottom of the vessel. Tubes were glued into the holes and led to pumps

which could remove the water in the moonpool and discharge it at the stern. The pumps

simulated the intake of the thruster though providing somewhat less capacity than the

proposed thruster is capable of. The capacity of the pumps was measured to approximately

4.5 m3/s. The design originally called for 6 m3/s which later was revised to 11 m3/s.

The principle is illustrated in Figure 3.1 below.

1‘ , ----i
I—--- —-

Figure 3.1. Moonpool.

The clear ceiling was for the majority of the tests placed 3 m above the bottom of the hull.

However, for the tests where a force gauge was placed in the retrieval line (Run Nos. 8100-

8600) the height of the ceiling above the bottom of the hull was increased to 5.2 m.
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:,

3.3.2 Buoy
.—— ——

The buoy wasdesigned based oninformation provided by Mr. J. Korsgaardin fax to DMI

dated 1994-04-04. Figure 3.2 shows the main dimensions of the buoy. In order to protect the

protruding air / water attachments an additional and neutrally buoyant protection ring was

mounted under the buoy. The detachable torus fender mounted on top of the buoy was made

of foam-rubber, while the sealing at the outer edge of the buoy was made of a latex hose in

order to provide sufficiently soft characteristics.

Various systems were devised to control the amount of water in the internal buoyancy

chamber. In the final version a water pump was used to either suck out or pump in the water.

This was done by attaching a flexible and submerged hose to the water outlet pipes leading

into the chamber while the similar air pipe was attached to the water pump. This set-up

provided an efficient control of the buoy level.

..

Figure 3.2. Buoy

,

See also Appendix D for further details.

with Detachable Fender.
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3.3.3 Mooring system
.—— ——— ———.

The system as designed utilizes 16 lines. These were for practical reasons represented by 6

lines, i.e. each line corresponds to approximately 2.7 lines. In order to obtain the desired

stiffness of the mooring system springs are inserted into the lines. The characteristics of the

springs are obtained by measuring the elongation versus load and adjusting the spring length

until the desired stiffness has been obtained.

Figure 3.3 shows the target and obtained stiffness for the system (100% loading condition).

● Target

O Obtained

14

12

10

a

6

4

2

0
0 5 10 15 20 25

Excursion (m)

Figure 3.3. Desired and” Obtained Mooring System Characteristics.

The 6 lines are oriented in a symmetrical layout with 60° between the lines as depicted in

Figure 3.4.
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Figure 3.4. Mooring System.

A pretension corresponding to 1.04 MN was specified for each line. The pretension in each

line was obtained by leading the lines through blocks mounted just over the seabed to blocks

above the water and attaching appropriate clump weights (corresponding to 1.04 MN) to the

end of the lines. This system was used to position the buoy correctly with the correct preten-

sion.

Once positioned, the lines were locked at the above-water block, thereby transferring buoy and

vessel motion to the stiffness model, i.e. the springs mounted in the lines.

3.4 Tank Facilitv

The tests were conducted in DMI’s large towing and wave generation tank, which is 240 m

long, 12 m wide and has a normal water depth of 5.3 m.

,,

,,
:,
.,

——.

:,
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The tank is equipped with wave generation facilities at one end and a wave absorbing beach

at the opposite end. The wave generator consists of a double hinged paddle which is con-

trolled remotely, enabling either regular or irregular waves to be generated in the tank.

The wave time series were synthesized using a method developed by M.S.Longuett-Higgens

(cf. “On the Joint Distribution of Periods and Amplitudes of Sea Waves”, J.Geophysical

Research, Vol. 80 pp 2688-2694, 1975). In short the method provides a correct joint

distribution of wave heights and periods while at the same time fulfilling the condition that the

resulting time series must not contain any regular events which could otherwise occur from an

inverse Fourier expansion with regular frequency intervals. In the present case 500

components were used in the generation of each of the wave time-series.

A current is simulated by towing the whole test set-up through the tank. The test set-up is

mounted under a carriage running on rails above the tank. Due to the limited water depth

required for these tests (29.8 m in full-scale) a 12 x 12 m artificial bed was mounted on the

carriage. The size of the bed corresponds to 600 x 600 m in full-scale.

3.5 Instrumentation

Line Forces:

Haul-in line as well as mooring-line forces are measured by inserting a force transducer in

each line, i.e. the force is transferred from the vessel/buoy through the gauge to the line. The

transducers are calibrated prior to mounting by hanging them vertically and attaching a number

of calibrated weights, thus obtaining the relation between signal output and force imposed.

During the tests the gauges are kept under water, thus ensuring that no temperature drift, etc.,

occurs. The integrity of the transducers is checked regularly under calm conditions.

Wave Gauges:

Waves or surface elevation is measured with conductance-type gauges, which are calibrated

by immersing the gauges in steps, thus obtaining the relation between water level and con-

ductance.
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While calibrating the waves three gauges were placed across the centre of the artificial bed,

where the position of the centre gauge corresponds to the position of the moonpool under calm

conditions.

The centre wave gauge was moved to a position up front of the vessel and to the port side so

as not to interfere with the mooring system and station-keeping system.

3.6 Data Loqqinq

Time series are sampled at 30 Hz using a PC equipped with A/D facilities. Prior to logging the

signals are amplified within a range oft 10V and filtered by analog low-pass filters to prevent

folding of undesired frequency components in the analog/digital data logger.

Data logging consists of three sequences: “zero-check, “span/gain-check and actual

measurement of the instantaneous signal.

The “zero-check”, which represents a transducer offset, is logged for 60 seconds before a test

and under calm conditions. For all channels the mean value obtained during the “zero-check”

is subtracted from the time series during the data processing.

The “span/gain-check serves as calibration check of amplifiers, filters, transmissions, interface

and the data-acquisition computer before a test. The “span/gain-check” is logged for 60

seconds after the “zero-check” has been logged. The obtained values are used in the data

processing for calibration or conversion purposes.

Both these checks are performed when the model has been changed or some time has

elapsed, thus ensuring that the signals are converted correctly. The checks are, however, not

performed when running a number of tests in a rapid succession where the model is not

interfered with. In this case the values from the “zero-check” and “span/gain-check” are

inherited from one run to the next until these checks are performed again.
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3.7 Video

Video recordings are made of all tests using the PAL-VHS system. Four cameras are used:

. Moonpool Camera: Mounted inside the moonpool and giving a view of the buoy

from above.

. Underwater Camera: Giving a side view of the buoy and vessel (port side of the

vessel).

. Top Camera: Mounted above the vessel. A longitudinal and transversal

scale is mounted close to the moonpool giving an approxi-

mate indication of the motions. The distance between the

marks (from right edge to right edge) is 5 cm corresponding

to 2.5 m in full-scale.

Front/Side Camera: Mounted above water and giving an upfront view of the vessel

from the port side.

All video recordings are made in model scale, i.e. 50’” times faster than in full-scale. Once data

logging is started, a digital clock is activated. This shows the time in model scale and is in

synchronization with the time series of the various parameters presented. The latter are, how-

ever, shown with a full-scale time-axis, i.e. 50”2 slower than in model scale.



-12-

4. TEST SET-UP AND PROCEDURES

4.1 Test Set-Up

The test set-up is depicted in Figure 4.1.
a
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Figure 4.1. Test Set-Up.

4.2 Test Procedures

4.1.1 Moored condition tests
.——— —... ——. ————.

During the moored condition tests the vessel was held by the buoy solely by water pressure,

i.e. no measures were taken to ensure that the buoyancy chamber was filled with air. Water

leaking past the outer ring seal was removed by the moonpool pumps which ran continuously.

The majority of these tests were carried out with the mooring system intact. However, some

tests were deliberately carried out with one line missing. In these tests Line No. 1 was

removed leaving the buoy moored by Line Nos. 2, 3, 4, 5 & 6.



-13-

4.2.2 Mating/decoupling tests
.—— ———— ——— ———

The position of the vessel was controlled manually by hauling in or letting out lines attached

to the bow of the vessel while anon-controllable line was attached to the bow. In order to give

a reasonably realistic vessel response soft latex springs were mounted in all lines attached to

the vessel, thus enabling the vessel to respond to the environmental loads. With no tension

on the control lines the vessel was offset downwards and to the starboard side of the buoy.

Hence, before the mating procedure was initiated the vessel was hauled into the approximate

position using the moonpool video camera and underwater side-view video camera as aids.

Two different methods for mating were tested:

While submerged in the holding or stand-by position water was removed from the

buoyancy chamber and replaced by air causing the buoy to rise upwards towards the

vessel.

While submerged in the holding or stand-by position a near constant tension force

was applied to the retrieval line causing the buoy to be pulled up to vessel.

In both cases the moonpool water pumps were activated just prior to mating ensuring that a

pressure difference was established quickly. Once mated the continuous removal of water

leaking past the seal and into the moonpool was removed thus ensuring that the buoy was

kept in place.

Similar, the decoupling procedure was performed as follows:

. Water was led into the buoyancy chamber and through the air-vent tube in the

moonpool ceiling thereby increasing the pressure until the buoy was released.

The tension in the retrieval line was reduced while water was being pumped into the

moonpool until the buoy was released.
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In both cases the moonpool water pumps were turned off prior to commencing the decoupling

procedure. The control lines were only held loosely during the decoupling sequences thus

letting the vessel fall back when released.

Mating/decoupling tests were repeated as often as possible within the available one hour (fulI-

scale) test time.

—. .—.
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5. TEST PROGRAMME

This chapter describes the environmental conditions and the number system used to identify

the individual test.

5.1 Environmental Conditions

5.1.1 Waves

The waves generated in the tank for this particular series of tests are based on the JONSWAP

spectrum. Obtained values based on the no current situation are presented in Table 5.1 below:

Wave ID

A
B
c
D
E
F

H= T, TP
(m) (s) (s)

6.6 10.1 12.1
7.7 13.1 13.6
5.6 9.3 8.7/(1 2.0) *
5.0 8.9 9.1
4.7 8.0 8.8
4.1 7.7 8.4

* A second peak exists at 12.0 s.

Table 5.1. Obtained Wave Parameters.

The abrupt transition from deep water to shallow water makes it difficult to generate pre-

specified wave conditions. The above values where obtained during a number of trial and error

tests.

The above conditions are documented in Appendix C.

5.1.2 Wind
.—— ——.

A simpie puliey and weight system was used to provide a wind ioad corresponding to 51 t for

the 100% load condition and 54 t for the 40% ioad condition and acting at the stern at deck

Ievei.

~

i
. .. --—. . ,--.,....- ->-.——.-. —.-— ----- -... — .—..-- .. . .. ..--—.—. .- —------ - - -— -- -- --- . ... , .——.- _.
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5.1.3 Current
.—————.

Ahead-on and following current corresponding to 1.07 mLs wasgenerated by moving the

entire test set-up through the tank while generating waves.

5.1.4 Water depth
.—— ——— —---

A water depth of 29.8 m was maintained over an area of 600 x 600 m during the tests.

5.2 Test Numbers

A four digit number is used to identify the contenffconfiguration of the individual runs. The

significance of the individual digit - from left to right - is as follows:

First Digit (Configuration):

1 : 1007. ioaded - intact mooring system
2 : 100?4 ioaded - one ieg out
3 : 100°/0 ioaded - mating/decoupling with air assistance
4 : 100% loaded - mating/decoupling with retrieval iine

1: 40% ioaded - intact mooring system
2: 40% ioaded - one leg out
3: 40%. loaded - mating/decoupling with air assistance
4: 407. ioaded - mating/decoupling with retrieval iine

,.

.,
:’
.,

,,

9 : Other

Second Digit (Waves):

1 : A-H, =6.6 m TZ= 10.1 s TP= 12.1 s
2 : B- H~=7.7m TZ=13.1s TP=13.6s
3 : C - H, = 5.6 m TZ= 9.3 s TP= 8.7/12.0s
4 : D- H,=5,0m TZ= 8.9s TP=9.1s
5 : E- H,=4.7m TZ=8.0s TP=8.8s
6 : F- H,=4.1m TZ=7.7s TP=8.4s

;-:

.,

,,
,.

..7 .-,.....rm --.” ..- .-. — ,. -w, ,. -7.--7% .~- -.— . v--..< -—T—-7-”---
--. =<,- ——--.——~——
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Third Digit (Current):

o : None
1 : Following (1.07 m/s)
2 : Head-on (1.07 mls)

Fourth Digit (Run number):

o-9 : Individual run-number. See tables for further information.

,.



Run No.

1120
1100
1110

1200

1300

1420
1400
1410

1500

1600

2120
2100
2110

-18-

Waves, current and wind

A
A
A

B

c

D
D
D

E

F

A
A
A

Head-on
None

Following

None

None

Head-on
None

Following

None

None

Head-on
None

Following

51 t
51 t
51 t

51 t

51 t

51 t
51 t
51 t

51 t

51 t

51 t
51 t
51 t

Comments

Mooringsystem: htact:

Mooring system: One leg out (No. 1):

Table 5.2. Load condition: 100% - Vessel Attached to Buoy - Torus Fender Included

Run No. Waves, current and wind Comments

Mating/decoupling w/o retrieval line:
3100 A None None Torus fender excluded.

Mating/decoupling with retrieval line:
3600 F None None Torus fender included
3601 F None None

4600 F None None

Table 5.3. Load Condition: 100% - Mating / Decoupling.
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/

Run No. Waves, current and wind Comments

Mooringsystem: Intact:
5120 A Head-on 54 t
5110 A Following 54 t

Mooring system: One leg out (No. 1):
6120 A Head-on 54 t
6100 A None 54 t
6110 A Following 54 t
6111 A Following None

Table 5.4.. Load Condition: 40% - Vessel Attached to Buoy - Torus Fender Excluded.

Run No. Waves, current and wind Comments

Mating/decoupling w/o retrieval line:
7100 A None None
7110 A Following None

7200 B None None

7400 D None None
7420 D Head-on None

7500 E None None
7520 E Head-on None

7600 F None None

Table 5.5. Load Condition: 400/. - Mating / Decoupling. Torus Fender Excluded.

Run No. Waves, current and wind Comments

Mating/decoupling with retrieval line:
8100 A None None Torus fender included
8101 A None None Torus fender excluded

8400 D None None Torus fender included
8401 D None None Torus fender excluded

8500 E None None Torus fender included
8501 E None None Torus fender excluded
8520 E Head-on None Torus fender included

8600 F None None Torus fender included

Table 5.6. Load Condition: 40% - Mating / Decoupling with Retrieval Line.

.,
,.

-— ~ ...—..-. ..... . .: I
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6. DATA ANALYSIS

This Chapter gives a brief description of the how the obtained data is analysed and presented.

All values presented have been converted to full-scale if not specifically mentioned otherwise.

6.1 Data Analvsis

Based on the logged time series of the various signals, i.e. surface elevation and line forces,

the mean, minimum, maximum and rms values are calculated for the various parameters. The

minimum and maximum values are relative to zero and represent the extreme values en-

countered within the duration of a test. The mean and rms values for the various parameters

are calculated as:

where:

N : Total number of data points.

x, : Value of data point number i.

The various wave cases are further documented in form of wave energy spectra and Weibull

plots showing the distribution of the wave heights within each condition.

6.2 Presentation of Results

Results from the tests are presented in the form of time series and tables containing statistical

values as outlined in the previous paragraph. All mooring-line forces presented include the

pretension of 1.04 MN.
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It should be noted that the mooring-line forces presented from the tests where mating /

decoupling was performed are influenced by the station-keeping system and therefore do not

necessarily represent the actual loads which may be encountered if the vessel is held solely

on station by the buoy. The time series from these tests have been included as they very

clearly show when the mating/decoupling has occurred.

All tests are further documented by video recordings.

Furthermore, the horizontal force on the buoy is presented as the vectorial sum of the line

forces. [t should be stressed that this force is only approximate as the instantaneous position

of the buoy is not measured, i.e. it is assumed that the angles between the lines remain

constant (600).
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7. EVALUATION OF MEASUREMENTS AND RESULTS

It proved difficult to obtain the originally specified wave conditions in the tank due to the abrupt

transition from deep to shallow water and back to deep water again. A considerable more

elaborate set-up would be required in order to improve the ability of achieving the target

values. However, for evaluating the feasibility of the concept the conditions produced in the

tank provide ample and valuable information.

In general the equipment used for the tests worked as intended. With the 100% loading

condition tests frequent shipping of green water was observed. During these tests the integrity

of the vessel was checked regularly and any bilge water was removed.

The buoy had when held by the pretensioned mooring lines not originally sufficient buoyancy

to float it to the surface. The available buoyancy was, however, sufficient to perform all the

100?4.loading conditions tests. In order to perform the 40?4.loading condition tests the ballast

in the buoy was reduced, without changing the outer geometry of the buoy.

The capacity of the moonpool pumps used for the tests was somewhat below what had been

anticipated. An increased capacity would have meant a faster discharge rate thereby establish-

ing the necessary pressure difference at an earlier stage.
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8. RESULTS

The results are presented in Appendix B which for each run describes the configuration, envi-

ronmental conditions and obtained results.

8.1 Moored Vessel Tests

In general the vessel responded as expected and no unusual observations were made though

frequent shipping of ‘green water’ occurred during the tests with the vessel loaded to the 100%

condition.

In the test cases with a following current the wind load maintained the orientation of the vessel

and no abnormal behaviour was observed. It should be noted that no information was readily

available as regards the pressure centre of the wind. In these tests the load centre was

placed at deck level at the stern.

None of the tests showed any indication that the buoy was unable to hold the vessel as no

relative motion between the vessel and buoy was observed regardless of the load condition

and environmental conditions.

Similar results were obtained for the tests with one leg out. The missing leg caused the vessel

to fall back, thereby occasionally lowering the line force of Line No 4 below the pretension

value. Again no relative motion between the vessel and buoy was observed.

Figures 8.1 and 8.2 show the maximum encountered mooring line forces for the 100% and

40?!. load condition as function of Run Number.

Approximately 35 1/sleaked passed the vesselhuoy seal when then vessel was moored to the

buoy.
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8.2 Matinq / Decoupling Tests

Numerous mating/decoupling tests were made under both moderate and severe conditions.

The tendency for the buoy to pitch/roll is reduced significantly as the buoy approaches the

vessel and in general the mating was well controlled. The torus fender did at times make it

more difficult to perform the mating as it tended to collide with the moonpool orifice thus

displacing the buoy before sufficient suction was available. Removing the torus fender speeded

up the mating process and in general made it easier to perform the task.

It should be noted that the mooring line forces presented from the tests where mating /

decoupling was performed are influenced by the station-keeping system, and therefore do not

necessarily represent the actual loads which may be encountered if the vessel is held solely

on station by the buoy. A number of these time-series have, however, been included as they

very clearly show when the mating / decoupling has occurred.

8.3 Retrieval Line Load Versus BUOV Level

Two indicative tests were carried out where the load in the retrieval line was measured as

function of the depth of the buoy below the hull. The results from these tests are presented

in Figure 8.3. , Contoctwith vessel
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Figure 8.3. Retrieval Line Load Versus Depth of Buoy Below Hull.
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The Hydrostatic Mooring - A Brief Overview.

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 and the Turret-Collet type buoy moorings
provided by Single Buoy Moorings and SOFEC. 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 vessel
to the buoy. 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 Figure 1 below.

\

I

\ I

Seal

MooringLine

Figure 1

The volume
circular seal

between the ship’s hull and”the mooring is isolated from the sea by the
shown on figure 1. The suction pump takes suction within this volume and

lowers the absolute press;re to for example ~0 Ma 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 figure 1 provide the
means to transmit the mooring forces to the seabed.
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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 kl?a (absolute)
Friction coefficient: 20%

Mooring area calculated: ~4*20A2=314 rnz

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

The maximum horizontal force in this example is comparable to a normal design force
for a 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 extreme ice forces. Consequently, the hydrostatic 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 Figure 2 below:

Structuralswivel

To FluidRiser

Figure 2

This more detailed view shows two annular 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.

Page 2 of 9
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The Hydrostatic Mooring is under continuous development. One standardized system is
sought fitting virtually all situations from the deepest water to depths that are barely
enough for the vessel.

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 or ULCC.

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. 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 atypical error of 3
meters at 8 meter wave heights. Mooring operations are probabl y 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.

2.1 Met-Ocean Conditions Ashkelon

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

. Hs=2.0 meters Exceeded 50 days per year

. Hs=5.O meters Exceeded 3.8 days per year

. Hs=6.O meters Exceeded 0.6 days per year
● Hs=8.O meters Return Period 50 years

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 Mooring Design Conditions.

A system designed for a maximum wave height of Hs=5.O 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.

Page 3 of 9



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 kl?a (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 Iitit 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 comesponds to absolute hydrostatic pressures at
the keel between 140 kpa and 290 lcl?a.The pressure within the sealing area is 50 kPa.
Assuming a 4 meter submergence the differential hydrostatic pressure is 90 ld?a. The area
is 7r*(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 capacit y 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 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.
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The water depth in the 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 3 m over depth allows for sedimentation for several years until
maintenance dredging is required.

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 Figure 3.

Fluid Path

Fluid Path ●
(

An m *
~Moonng Chain (typ)

Figure 3

The water is conveyed through the buoy as shown by the “Fluid Path” signature on
Figure 3. Consequently, the cargo transfer connection is automatically established as
soon as the buoy is securely attached to the ship. One disadvantage of the arrangement
shown in Figure 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 kl?a, 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 kl?a, then the repulsive force in the center of the
buoy is z*4*4*2OO=1OOOOkN 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.
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The vessel monitors the mooring force at all times. This is done by monitoring the
mooring buoy position through the GPS positioning system. 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.

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

Connectors

AA D /4s
~Mooring Chain (typ)

Figure 4

The mooring shown in figure 4 is similar to the mooring shown in figure 3 except that the
fluids are transferred in separate pipes (Fluid Paths) as shown on Figure 4. 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 figure 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 make the mooring and the
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.
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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.lm + 1.5m = 5.7
m c 5.8 m, Sealing circle 2*2.lm + 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 maybe 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 maybe 12 or more in the case
of an SMT swivel. Power to turn the swivel must be provided. A powered
servomechanism may be used or torque maybe 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 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.

Fluid P
1%

+=-7
“dPath

9

~ Fluid Paths

Fluid Swivel Skid

-Torsion Bar

~

~F1uid Connector

Figure 5

Figure 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
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fluid 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 to located on the exterior surface of the torsion bar in Figure
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
● The atmosphere inside the torsion bar maybe maintained inert at low cost and with

high reliability.
“ Any leaking fluid is contained within the torsion bar. This provides a double barrier

against escape.
c 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 ifi

●

●

●

●

The buoy moves on the bottom of the ship. This is detected two ways, optically by an
automatic monitoring system and/or mechanically by a continuous comparison
between tilt sensors within the torsion bar and on deck.
The mooring maintenance pressure rises to above a preset level. This pressure is
recorded continuously at all 3 pressure maintenance pumps.
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.
Emergency conditions aboard the vessel such as fire or collision.

Controlled emergency disconnect comprises the following steps::
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. Reducing nitrogen sealpressure. Thiscauses closure ofthhevdves on botisidesof
the connector, because these valves are maintained open by the seal pressure.

. If time permits purging of the fluid paths by nitrogen
● Blow down of Seal nitrogen and release of couplers

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 maybe 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 see) 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 see),
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 maybe
some supertlcial hull damage in the moonpool area. The buoy will in this case drop to its
storage position well clear of the vessel.



1. Mooring System

The present mooring system is a single point mooring attached to the keel of the moored
vessel. The mooring buoy is held firmly to the bottom of the vessel by differential
hydrostatic pressure. A structural swivel is built into the mooring buoy that permits the
moored ship to weathervane in relation to the mooring chains.

Pressure maintenance pumps aboard the vessel maintain the differential pressure. These
pumps take suction within the volume isolated by the top of the buoy and the hull of the
vessel.

1.1 General Arrangement

The function and basic general arrangement is explained in the previous section. Single
point moorings are typically moored to the seabed through a series of radial deployed
catenary mooring lines terminating in drag anchors or stake piles in the seabed. This
standard arrangement is illustrated on Figure 1-2 (Hydrostatic Mooring General
Arrangement – 2).

A special mooring system has been developed that takes advantage of the unique
properties inherent in the present mooring system as shown on figure 1-1 (Hydrostatic
Mooring General Arrangement – 1). This system is comprised of a series of heavy
weights that are lifted by the excursions of the mooring buoy. When the buoy deflects
horizontally the connecting chain is bent over a fairlead in the top of the stake pile.
In the proposed system that is specifically designed for the water transport system at
Askelon Israel six stake piles are provided. This system maintains a higher fraction of its
initial capabilities than the traditional system shown in Figure 1-2 when one mooring line
fails.

Because of the small amount of chain that is used in mooring concept 1 it is not a
significant economic penalty to oversize the mooring chains to compensate for the wear
that will occur at the fairlead. It is the intent to frequently inspect the system and to
replace chain and fairleads when significant wear has occurred.

This is the preferred system partly because of significant cost reductions and partly due to
its much superior force deflection characteristics as illustrated in figure 1-4.

The graph in Figure 1-3 depicts the chain force as a function of the horizontal excursion
of the vessel. Because the chain force is supplied by a hanging weight it is nearly
constant. It is, however, modified above the fairlead by the friction in the fairlead. The
present calculation is based on a friction coefficient of 10% as being the steel on steel
friction coefficient. Figure 1-4 shows the resulting component of the chain force for a
single chain. There are six chains, therefore the actual mooring force is six times the
force shown on Figure 1-4.

1-1



The principal buoyancy is provided in an exterior near toroidal shaped ring beam. This
ring beam serves three main purposes:

1. It protects the mooring surface of the buoy against vessel impact
2. It serves as the main buoyancy and trim volume in the buoy
3. It provides low-pressure air storage tanks for the rapid ascent system used in the

mooring process.

This is shown in more detail in figure 1-5. The ring beam is in the shape of a 12-sided
polygon. Each side of the polygon is protected against ship impact by a 2 meter long
standard cylindrical ship fender 1400 mm by 700 mm as shown in more detail on Figure
1-6. Later in this section an analysis is presented showing that this level of fendering is
sufficient to protect both the ship and the buoy against damaging impact during the
mooring and the unmooring processes.

The metacentric height of the buoy in concept 1 is obviously strongly positive. The
vertical loads of the mooring weights are applied at the bottom of the buoy and therefore
bring the apparent center of gravity down in the lower third of the buoy. The center of
buoyancy is about at the midpoint of the buoy. A detailed analysis has not been made
however it is believed that concept 1 has a positive metacenter height in all conditions.

Concept 2 was used in the model tests in Denmark. Ballasting in the bottom of the buoy
is always possible, however, for the model tested buoy it was necessary to keep the
diameter of the rapid ascent volume at 6 meters in order to keep the metacentric height
positive during the ascent.

1.2 Compression Elements

Figure 1-5 also shows the main compression elements between the buoy surface and the
vessel hull. These are comprised of a series of Trellex Morse Fender bar units deployed
in a radial pattern as shown. Because of the density offender bars they may for
computational purposes be treated as a continuos surface. The force capacity of the
fender bars is 54 tonnes or 530 kN per meter. There area total of 360 meters of fender
bars on the buoy surface. The total theoretical capacity of these units are to resist a
a total compressive force of 191,000 kN ( 19,500 tonnes). The maximum possible
compression is obtained when absolute vacuum exists above the buoy while submerged
to its deepest submergence. The area within the outer seal ring is 346 m2.

In the case that the pressure above the buoy is Oabsolute the maximum possible
differential load is 35 tonnes/m2 resulting in a total load of 12,100 tonnes. The mooring t

load is at most applied 8 meters below the fender surface. Assume 600 tonnes horizontal
load, then the resulting moment is 4800 tonnes meters. The fendering circle ring has an
OD of 18.5 m and an ID of 10.5 m. The section modulus of this ring is l~32*(18.5A3-
10.5A3)= 508 m3. The resulting pressure differential is 4800/508 = 9.45 tonnes/m2. The
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allowable is the difference between the stress resulting from 12,100 tonnes and 19,500 .’

tonnes or 21.4 tonnes per m2.

This margin is required to cope with the ship’s bottom being out plane. The total
1

allowable stress is 19,500/346= 56.4 tonnes/m2. The allowable margin is 21.4 – 9.45=
~,

11.9 tonnes/m2 or 21 % of the fully allowed deflection. Since the allowable deflection is
!

150 mm the system can cope with 2*0.21*150=63 mm out plane deviation within the
mooring area. Note, however, that from a practical point of view significantly higher out :-

of plane deviation would at most cause some minor damage to the fender bars, and then
only in the event that full vacuum, maximum submergence, and full horizontal mooring

,.-

force all occur simultaneously. I‘,.,

Figures 1-9 through 1-12 shows catalogue cuts of the various fendering elements were b
selected for this application.

,

1.3 Sealing Units

The sealing units contact the keel plating in the ship and impede the flow of water from
the sea to the volume in which the low pressure is maintained. There are two annular

[
I

seals an inner and an outer as for example illustrated in Figure 2 in the Brief overview. [

Because the pressure is maintained low above the buoy through continuous removal of
water by pumps aboard the ship the seals need not be perfect. Rather, their function is to i
impede the water flow sufficiently that the pumps may reliably maintain the pressure low :
above the buoy.

b,.;,.
!,
{“.

Figure 1-6 shows an outer sealing element. This sealing elements must be capable of the
following:

i

i

. To maintain contact with the hull for all pressure differentials ranging from a low 50
kl?a to a high of 350 kPa.

;

. To maintain sealing pressure in the presence of unevenness of the hull.

. To be able to deflect without damage when a maximum impact between the buoy and ;,..

the vessel deflects the exterior fenders fully.
. To be able to slide on the bottom plating of the vessel without damage.
. To resist safely all possible levels of differential pressure
. To provide the highest practical level of sealing.

A range of materials were investigated and the result was that the steel unit shown on
figures 1-6, 1-7, and 1-8 was the only unit that was able to fulfill all criteria. Figure 1-7 ,.
shows in more detail how the unit pivots. Figure 1-8 shows the structural make-up of an
exterior sealing unit. The structural design of the unit is presented later in this document.

(.

The sealing units are seated in “boxes” at the edge of the buoy. Each “box” holds one
sealing unit. The sealing unit fits loosely in its “box” and is prevented from sliding out by

....
,,
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a tab on the underside. The curved surface shown on the top of the unit is bolted on after
the unit is placed in the “box”. The units me spaced some 25 mm apart along the
perimeter. A special Trellex Morse extruded fender is placed in a continuous ring above
the units and is bolted onto each unit and is held securely by bolted on angle irons. On the
exterior and below the sealing element there is a continuous rubber sheet made from
conveyor belting. This rubber sheet seals the gaps between the sealing elements. It also
seals the gap between the hull of the buoy and the sealing element.

The conveyor belting would typically be capable of resisting differential pressures in
excess of 1000 kl?a in this application. Thus there is no issue with the structural strength
of the rubber sheet. Both the rubber sheet and the extruded fender will be stretched when
the sealing ring is depressed. However the stretch is less than 5%, which is well within
the capabilities of these elements.

The sealing elements are cantilevered. The purpose of the cantilever is to make it possible
for the sealing element to deflect vertically and also to have the hydrostatic pressure
differential increase the sealing pressure as the pressure differential increases.

Figure 1-8 shows an exterior sealing element. The interior sealing element is similar,
however, the taper is in the opposite direction. In consequence the interior seal “box”
design is with parallel sides and the unit also has parallel sides for the part that is pIaced
within the “box”

,,
,.,.,,,

1.4 Structural Bearing

The structural bearing is continually submerged. However, because of the use of
compressed air to regulate the buoyancy during the rapid ascent to effect the mooring it is
possible to have the bearing in air if it is placed in a volume in the buoy that is only open
downward,

Because the bearing will beat least occasionally immersed in seawater a standard large
diameter roller bearing is not practical. The strongly varying hydrostatic pressure will
almost certainly drive salt water into such a bearing with rapid failure being the result.

A separate problem is the marine growth that will accumulate in continuously immersed
areas. This may also be a problem for friction bearings such as Lubron bearings.

Therefore a bearing based on the technology used to move heavy objects on endless track
roller units has been adopted (FIdlman Rollers). These roller units are highly resistant to
dirt. By placing the bearing most of the time within an air pocket with only occasional
wetting, marine growth problems are avoided. The roller units will be manufactured from
relatively noble materials such as stainless steel or Monel. The roller units will roll on a 3
sided circular track with one vertical and two horizontal surfaces.

1-4
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The roller units are mounted that they may be individually removed and mounted while
the buoy is surfaced for maintenance. The units are backed by Belleville springs that have
a maximum deflection of 19 mm. This feature reduces the accuracy required on the
bearing rolling surfaces, permitting a relatively primitive manufacturing process.

1.5 Rapid Ascent Buoyancy

Rapid ascent of the mooring buoy is achieved by introducing air into a downward facing
“can” with a volume of 120 m3. By filling this volume with air the buoyancy increases
by approximately 1200 kN.

The rapid ascent buoyancy is only needed for 13 seconds. Therefore there is no need that
the rapid ascent buoyancy be airtight. Indeed it is undesirable that the rapid ascent
buoyancy be airtight because of the danger that gases developed by biological processes
accumulate in this volume and thereby cause that the buoy surfaces unexpectedly. In
consequence the rapid ascent buoyancy is equipped with bleed holes that causes the air to
bleed out in approximately 15 minutes.

The rapid ascent buoyancy is also equipped with ports that can be opened that bleed the
air out in 20 seconds. These are actuated automatically in the event that the stay-closed
signal is lost or in the event that an active “open” signal is received. This system is
actuated in case the vessel fails to capture the buoy. In this case the buoy will descend
again within 20 seconds which will normally be before the vessel moves sufficiently that
the buoy would surface and thereby potentially impact the vessel on the side.

The normal process is that the ascent signal serves, as the stay-closed signal is well.
When the mooring is secure this signal is shut off and the rapid descent system is
automatically actuated and the rapid ascent air is released. Thus following the mooring
the buoy is immediately ready to be released. Even in the event that this fails the buoy is
ready for release 15 minutes later.

$
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Hydrostatic mooring with one main weight
origin of coordinate system is at seabed veritcally under main weight
Sp~ead sheet only applicable to single Stakepile anchor

leg length
Top of Stakepile elevation
Elevation Top of chain
Weight elevation
water chain Ight
Main weight submerged

friction coefficient

Point
number

meters
o
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

Legal
points.

Top of

Length of stakepile

Elevation chain in above

of weight water weight

-:5.00
-54.98
-54.93
-54.85
-54.73
-54.59
-54.41
-54.19
-53.95
-53.68
-53.38
-53.05
-52.69
-52.30
-51.89
-51.46
-51.00
-50.52
-50.01

c e>z
30.00 yes
30.02 yes
30.07 yes
30.15 yes
30.27 yes
30.41 yes
30.59 yes
30.81 yes
31.05 yes
31.32 yes
31.62 yes
31.95 yes
32.31 yes
32.70 yes
33.11 yes
33.54 yes
34.00 yes
34.48 yes
34.99 yes

Angle to
attach chain Chain Horizontal Horizontal
point from force Force force Force
horizontal extending retracting Extending retracting

alfa kN kN kN kN
1000 1000 0 0

1.537475 1003.338 996.6734 33.42602 33.20401
1.504228 1006.679 993.3653 66.96329 66.07768
1.471128 1010.017 990.0826 100.5004 98.5169
1.438245 1013.343 986.8323 133.9272 130.4234
1.405648 1016.652 983.6208 167.1366 161.7063
1.373401 1019.936 980.454 200.0258 192.2828
1.341564 1023.188 977.3375 232.4986 222.08
1.310194 1026.403 974.2764 264.4657 251.0346

1,27934 1029.575 971.275 295,8461 279.0938
1.249046 1032.698 968.3371 326,5679 306.2151
1.219352 1035.769 965.4659 356.5684 332.3661

1.19029 1038.784 962.6642 385.7946 357.5245
1.161888 1041.738 959.934 414.2029 381.6769
1.134169 1044.63 957.2768 441.7588 404.8184
1.107149 1047.456 954.6937 468.4367 426.952
1.080839 1050.216 952.1852 494.2192 448.0871
1.055247 1052.907 949.7515 519.0964 468.2394
1.030377 1055.529 947.3924 543.0651 487.4293



19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

-49.49
-48.94
-48.38
-47.80
-47.20
-46.58
-45.95
-45.30
-44.64
-43.96
-43.27
-42.57
-41.86
-41.14
-40.40
-39.66
-38.90
-38.14
-37.37
-36.59
-35.80
-35.00
-34.20
-33,39
-32.57
-31.75
-30.92
-30.08
-29.24
-28.40
-27.55
-26.69
-25.83
-24.97
-24.10
-23.23
-22.35
-21.47
-20.59
-19.70
-18.81

35.51 yes
36.06 yes
36.62 yes
37.20 yes
37.80 yes
38.42 yes
39.05 yes
39.70 yes
40.36 yes
41.04 yes
41.73 yes
42.43 yes
43.14 yes
43.86 yes
44.60 yes
45.34
46.10
46.86
47.63
48.41
49.20
50.00
50.80
51.64
52.43
53.25
54.08
54.92
55.76
56.60
57.45
58.3fl
59.17
60.03
60.90
61.77
62.65
63.53
64.41
65.30
66.19

1.006227
0.982794

0.96007
0.938047
0.916714
0.896055
0.876058
0.856706
0.837981
0.819867
0.802346
0.785398
0.769006
0.753151
0.737815
0.722979
0.708626
0.694738
0.681298
0.668289
0.655696
0.643501
0.631691
0.620249
0.609163
0.598419
0.588003
0.577902
0.568105
0.558599
0.549374

0.54042
0.531724
0.523278
0.515073
0.507099
0,499347
0.491809
0.484478
0.477345
0.470404

1058.081 945.1072 566.1285 505.6816
1060.563 942.8951 588.2947 523.0241
1062.976 940.7549 609.5768 539.4875

1065.32 938.6854 629.9913 555.1044
1067.595 936.685 649.5584 569.9087
1069.803 934.7519 668.3004 583.9349
1071.944 932.8845 686.2418 597.2181

1074.02 931.0809 703.4088 609.7933
1076.033 929.3392 719.8284 621.6951
1077.984 927.6573 735.5284 632.9575
1079.875 926.0333 750.5368 643.6136
1081.706 924.4653 764.8819 653.6956
1083.481 922.9511 778.5918 663.2346

1085.2 921.4889 791.6939 672.2605 $’
1086.866 920.0768 804.2155 680.8017

I
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Hydrostatic mooring with one main weight
origin of coordinate system is at seabed veritcally under main weight
Sp;ead sheet only applicable to single Stakepile anchor

leg length t 45 meters
Top of Stakepile elevation z -40 meters
Elevation Top of chain

.............
a &;~i=$3% meters....................................

Weight elevation e -77 meters
water chain Ight c 8 meters
Main weight submerged w 1000 kN

friction coefficient

Point
number

meters
o
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

f 0.1
Legal
points.

Top of Angle to

Length of stakepile

Elevation chain in above

of weight water weight

-;7.00
-76.94
-76.75
-76.46
-76.06
-75.57
-75.00
-74.37
-73.69
-72,96
-72.19
-71.40
-70.58
-69.74
-68,88
-68.00
-67,11
-66.21
-65.30

c e>z
8.00 yes
8.06 yes
8.25 yes
8.54 yes
8.94 yes
9.43 yes

10.00 yes
10.63 yes
11.31 yes
12.04 yes
12.81 yes
13,60 yes
14.42 yes
15,26 yes
16.12 yes
17.00 yes
17.89 yes
18.79 yes
19.70 yes

attach chain Chain Horizontal Horizontal
point from force Force force Force
horizontal extending retracting Extending retracting

alfa kN kN kN kN
1000 1000 0 0

1.446441 1012.513 987.6415 125.5868 122.5019
1.325818 1024.8 975.7998 248.5506 236.6662
1.212026 1036.528 964.7589 363.9494 338.7495
1.107149 1047.456 954.6937 468.4367 426,952
1.012197 1057.45 945.6716 560.4471 501.2049
0.927295 1066.466 937.6767 639.8794 562.606
0.851966 1074.53 930.6398 707.5827 612.8306
0.785398 1081.706 924.4653 764.8819 653.6956
0.726642 1088,081 919.0494 813.2417 686.9061
0.674741 1093.743 914.2918 854.0696 713.9419
0.628796 1098.779 910.1007 888.6226 736.0313
0.588003 1103.271 906.3956 917.9769 754,1668
0.551655 1107.288 903.1071 943.0314 769.1387
0.519146 1110.894 900.176 964.526 781.5716
0.489957 1114.141 897.5523 983.0658 791.9579
0.463648 1117.076 895.194 999.1435 800.6858
0.439843 1119.739 893.0655 1013.161 808.0623
0.418224 1122.162 891.1369 1025.445 814.3312
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19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

-64.38
-63.46
-62.53
-61.59
-60.65
-59.70
-58.75
-57.80
-56.84
-55.88
-54.92
-53.95
-52.98
-52.02
-51.04
-50.07
-49.10
-48.12
-47.15
-46.17
-45.19
-44.21
-43.23
-42.24
-41.26
-40.28
-39.29
-38.31
-37.32
-36,34
-35.35
-34.36
-33.38
-32.39
-31.40
-30,41
-29.42
-28.43
-27.44
-26.45
-25.46

20.62 yes
21.54 yes
22.47 yes
23.41 yes
24.35 yes
25.30 yes
26.25 yes
27.20 yes
28.16 yes
29.12 yes
30.08 yes
31.05 yes
32.02 yes
32.98 yes
33.96 yes
34.93 yes
35.90 yes
36.88 yes
37.85 yes
38.83 yes
39.81 yes
40.79 yes
41.77 yes
42.76 yes
43.74 yes
44.72 yes
45.71
46.69
47.68
48.66
49.65
50.64
51.62
52.61
53.60
54.59
55.58
56.57
57.56
58.55
59.54

0.398522 1124.375 889.3829 1036.264
0.380506 1126.403 887.7821 1045.839
0.363979 1128.266 886.316 1054.351
0.348771 1129.983 884.9691 1061.951
0.334737 1131.57 883.728 1068.764
0.321751 1133.04 882.5811 1074.896
0.309703 1134.406 881.5185 1080.436
0.298499 1135.678 880.5314 1085.457
0.288055 1136.865 879.6123 1090.024

0.2783 1137.974 878.7545 1094.189
0.269167 1139,014 877.9524 1098.001
0.260602
0.252554
0.244979
0.237836
0.231091
0.224711
0.218669
0.212938
0.207496
0.202322
0.197396
0.192701
0.188222
0.183943
0.179853

0.17594
0.172191
0.168597
0,165149
0.161837
0.158655
0.155595
0.152649
0.149812
0.147078
0.144442
0.141897
0.13944

0.137066
0.134771

1139.99 877.2008
140.908 876.4951
141.772 875.8313
142.588 875.206
143.359 874.6158
144.089 874.058
1144.78 873.5301

1145.437 873.0296
1146.06 872.5546

1146.653 872.1032
1147.218 871.6737
1147,757 871.2646
1148.271 870.8744
1148.763 870.5019
1149.232 870.146

819.6868
824.2849
828.2514
831.6882
834.6783

837,29
839.5795
841.5934
843.3706
844.9435
846.3396

101.498 847.582
104.715 848.6903
107.682 849.6812 <*
110.424 850.569
112.965 851.366
115.325 852.0829
1117.52 852.7287

1119.566 853.3115
1121.477 853.8381
1123.265 854.3147
1124.94 854.7464

1126.513 855.138
1127.991 855.4935
1129.383 855.8166
1130.695 856.1105



Content of chapter 2.

Section 1: This is the structural calculation of the sealing units.

Section 2: This is the structural calculation of the buoy and the bearing system
performed by Han Padron Associates.

Subsequent to this design a number of changes was made that have only negligible
impact on the structural system. These were:

● The watertight plate was moved from the underside of the buoy to the top of the
buoy. The reason for this was to improve the structural force transfer between the
fenders and the structure. The timber in-fill now serves the prevention of trapping air
below the buoy rather than the function of preventing the accumulation of sediments
on top of the buoy, which was the previous function..

. The center 8-meter diameter plate was changed to be able to resist the maximum
physically possible hydrostatic pressure differential of 350 IcPa.

● The bearing was changed from a Lubron bearing to a Hillman roller bearing. A
revised bearing design is presented in section 3.

Section 3: This is the final concept for the mooring chain attachments and the bearing.
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Section 3:’ This is the final concept for the mooring chain attachments and the bearing.
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12, April 2000

Preliminary calculations of float units
DesignLoads:
1,Hydraulicpressureon outer side of Cylintilcal fender and rubber sheeti 350 km
2, Horizontal friction force on top of cylindrical fendec 50’?’6of vertical force

Material and design stress:

All steel parts are made from hot rolled sheets wifi fy= 36 ksi (fY= ~~~ MP@
Design stress in bending: 24 S/1,67= 149 MIYa
Design stress in shear: 248/2.50= 99 Iv@

,:

t,“ I

!’

Assumptions:

1, Own weight andbuoyancy are not considered. They are assumed small in comparison with forces fi-om hydraulic

pressure.
2, Leak between fender elements is not considered. Hydraulic pressure is assumed constant flom top offender to lower
fixation of rubber sheet.
3, Friction forces in points of contact between float unit and pocket are not considered.
4, Height of rubber fender is 300 mm unloaded. At maximum load the height is 150mm. in between height is assumed to
vrq linearely with load,
5, Approximate geomehy is used in the calculations.

LoadCases:
Threeload casesgoverns:
1,Float unit in top position (fendersuppott slab is horizontal),frictionforcefrom ship onfenderin the directionof the
centreof thebuoy.Externalpressure350 kPa.
2, Float unit in bottomposition (top sideof float unit is horizontal),frictionforce from ship in the directionawayfrom
the centerof the buoy.Externalpressure350 kPa.
3. Float unit in top position (fendersupport slab is horizontal),frictionforce from shipon fenderin tangentialdirection.
Externalpressure350 kPa.

Calculation of Reactions:

Load case 1:
Horizontal projection: 350 x 0.648x 0.672+ 350X 0.615 x 0.271 + !4VI

+ V2 x si@3.508”) = H x cos@.5~~,)

Vertical projection: 350 x 0.609x 0.929= VI - Vzx cost 13.503”) - H x sin(2.W”j
Moment (point of contact with ship): 350x 0.648 X 0.6722X%+ 350X 0.615x 0.2?1 X 0.805+ 350x

0.609 X 0.929X 0.458= -Vz X (0.929 x COS(15.508“j + 0.943 X

sin(13.508”) ) + H x (0.985 x c12s@54c~)- 1.S67:; sin12.W’]])
Results: V,= 424 kN

v~=211Kt’.J
H= 472 kN

Loadcase2:
Horizontalprojection: 350 X 0.658X 0.565= %V, + Hx cos(22.101~
Vertical projection 350x0.618 x1.235 =VI+VZ +Hx sin(22.10l”j
Moment (point of contact with ship): 350 X0.658 X0.5652X !4+ 350X 0.618x 1.235 x 0.606 =VZX 1.235

+ H x (0.22? x COS(22.1O1”)+ 2.105 x sin(,22.101”,))
Results: V1=136kN

Vz=106kN
H=67kN

Load case 3:
Horizontal projection

Vertical projection:

350 x 0.64SX 0.747 + 350 xO.615 x 0.271 =-VX x sin(13.50S0)
+ H X cos(2.54~)
350 x0.609 x 0.929= VI - V2x COS(13.50SCJ- H x sin~2.$tr’,)

).
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Moment (point of contact with ship): 350 x 0.648x 0.7472X%+ 350x 0.615x 0.271 x 0.S80 + 350 X

0.609 x 0.929X 0.4S8 = -Vz x (0.929 x COS(13.5080)+ 1.01S X

sin(l 3.50S~ ) + H x (1.060 x cos(2.54@)- 1.S67:,;sin(2.54@))
Results: VI= 227 kN

v2=19kN
H=232kN

Horizontal projection: %X~~7= QI-Q)-Q3

Moment, vetical axis: ?4X 227 x 0.929 = 0.9375 x Q3
Moment, horizontal axis: %x227x1.018=0.4995 xQ1+ 0.0415 xQj
Results; Ql = 222 khl

Q)=-4kN
Q~=l12kN

Pressure Design:

External sheet:

Curved panel: Membrane stress: f“ = p x R/t = 0.35 x 300/12 = S.S MPa
R/t =300/12 =25, no stability problem.

Bottom sheet: Area between stiffeners: 231 x 59S mm. Carrying capacity only considered in one
direction. M=p x12/12= 0.35 x2312/12= 1556N
fb=6 x 1556/122=65 Mpa

Stiffener 75x 12 mm: Area 219x12+ 87x12=2628+ 1044 =3672 nxn2
Centerofgravi~: a= (262S x 62+ 1044 x43.5)/3672 = 167 mm
I= 2628x 10.7 + 1044x 26.S + 262S x122/12 + 1044x S7%2 = 1.741E6 mrn4.
$b = 1.741 E6/ 70.3= 24.77 E3 mm3.
St= 1.741 E6/ 16.7= 104.3 E3 mm3.
Moment in stifl%mx M= 0.35 x 231x 59S~Al= 3.614 IX Nmm
fbt)= 3.614 E6/24.77 E3 = 146 Mpa < 14!3.
fbt= 3.614 E6/104.3 E3 =35 Mpa.
Area between stiffeners: 2S0 x 62S mm. Can-ying capacity only considered in one

direction. M= p x 12/12= 0.35 x 2S02/12 = 22S7 N
fb= 6 x 2287/122 = 95 Mpa
Moment in stiffener: M = 0.35 x %x 2S0 x 62Sz/S = 2.416 E6 Nmm <3.614 E6

Support plate for fendec Hydraulic pressure + reaction on fender (load case 1)
p= 0.35+ 424000/(400x 62S) = 2.03S MPa
Area between stiffeners: 161 x 62S mm. Carrying capacity only considered in one
direction. M=p x 12/S= 2.03S x 1612/10 = 52S3 ~

fb = 6 x 52831202 = 79 Mpa <149.
Stiffener 140 x 20 mm: Area: 141 x20+ 160 x20= 2820 -t-3200 =6020 mmz

Centerof gravi~: a= (2820 x l! + 3200 x S0)/6020 = 47.2 m
I= 2820X 37.2 + 3200X 32. S-+ 2S20 X 20% 2 + 3200 X 160z/12 ==14.27E6 IIIIT14.

& = 14,27 E6/1 12.8 = 126.5 E3 mm3.
St= 14.27 E6/47.2 = 302.3 E3 mm3.
Moment in stiffener: M = 2.03S x 161x 1.1x 62S2/S = 17.79 E6 Nmm
f~b= 17.79 E6/126.5 E3 = 141 Mpa <149.
fb~= 17.79 E6/302.3 E3 = 59 Mpa
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STAAD PLANE ANALISYS
●BUOY.ANCHOR UNIT SECTION UNDER HORIZONTAL LOAD OF 660 KIPS
*PRELIMINARY CALCULATION
*RUN NAME-BUOY1
UNIT KIP FT
JOINT COORDINATES
100; 2 21.6 O; 3 0 10.8; 4 7.2 10.8; 5 14-4 lo.8
6 21.6 10.8; 7 5.6 10.8; 8 5.6 13.6; 9 5-6 15.5
10 3.1 15.5; 11 7.2 O; 12 14.4 o; 13 21.6 35

;EMBER INCIDENCE
1 37; 27 4; 34 5; 4 11 12; 5 5 6; 6 1 12
7 122; 8 7 8; 9 8 9; 10 9 10; 11 1 4; 12 52
13 1 3; 14 2 6; 15 4 11; 16 5 12; 17 6 13
●

MEMBER RELEASE
13 TO 16 START MY MZ
13 TO 16 END MY MZ
17 START MY MZ
17 END MY MZ
*

UNIT INCHES
MEMBER PROPERTIES
1 2 5 TA ST W36X439
3 TA ST W36X300
4 6 7 TA ST W33X387
8 9 TA ST W40X593
10 TA ST W14X455
11 TO 16 TA ST PIPE OD 20 ID 18.25
17 PRISMATIC AX 120 12 91000 [Y 91000
●

CONSTANT
E 29000 ALL
.

SUPPORTS
1 13 PINNED
UNIT FT
LOAD 1
JOINT LOAD
10 FY O
LOAD 2



ANALISYS
User ID: HAN-PADRON ASSOCIATES

-- PAGE NO.

●BUOY .ANCHOR UNIT SECTION UNDER HORIZONTAL L
42. 8 FX 660
43, ●

44. LOAD COMBINATION 3
45, 1 1 .021.0
46, PERFORM ANALYSIS

P ROB L E M STAT I S T I CS
------ ------ . . . . . . ------ ------ -----

NUMBER OF JOINTS/MEMBER+ELEMENTS /SUPPORTS = 131 171 2

ORIGINAL/FINAL BAND-WIDTH = 11/ 4
TOTAL PRIMARY LOAD CASES = 2, TOTAL DEGREES OF FREEDOM = 35
SIZE OF STIFFNESS MATRIX = 455 DOUBLE PREC. WORDS
REQRD/AVAIL. DISK SPACE = 12.031 1293.9 MB, EXMEM = 1963.8 MB

++ Processing Element Stiffness Matrix. 13:12:39
++ Processing Global Stiffness Matrix. 13:12:39
++ Processing Triangular Factorization. 13:12:39
++ Calculating Joint Displacements. 13:12:39
++ Calculating Member Forces. 13:12:40

47, PARAMETER
48. RATlO 1.0 ALL
49, TRACK 1,0 ALL
50, CHECK CODE ALL

—-.—— .—-..— . .——-—
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ANALISYS

“BUOY.ANCHOR UNIT SECTION UNDER HORIZONTAL L

STAAD- 111 CODE CHECKING - (AISC)
********* ********* ● ****

ALL UNITS ARE - KIP FEET (UNLESS OTHERWISE NOTED)

MEMBER TABLE RESULT/ CRITICAL COND/ RATIO/ LOADING/
FX MY MZ LOCATION

----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ------ ----- ----- ----- ----- ----- ----- ------ ----- ----- ------ ----- ----- ----

1 ST W36 X439 PASS AlSC- HI-3 067 2
.00 .00 213:67 5.60

I - MkM-=- ---- );, - )-N-I); j-l-pjjji; >:=- ; j<.>- - ~-x-=-~2-8-. ‘o-o- -------- ‘-- - &~- jj-4~j” //SZ=1620 5
I KLIR-Y= ALLOWABLE STRESSES:
/ FTZ= 23.76 “FCY= i7.00 FTY= i7.oo FA= 20.77 FT= 21.60 Fv= 14.40 I

. . . . . . . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

2 ST W36 X439 PASS AlSC- HI-2 748 2
660.00 c .00 -1634:33 .00

----- ----- ----- . .

/-MkM=-”----2;, ‘j-N-Ijj)-I-P:--Ijj-H-, ;;~;=-j_j-”~”x- =-~2-8-.-o-o- ‘-”--SZ=1620.5 SY= 234.6 /

/ KL/R-Y= ALLOWABLE STRESSES: FCZ= 23.76 /
/ FTZ= 23.76 “FCY= i7.Oo FTY= ~7.oo FA= 21.39 FT= 211& Fv= 14-40 I

. . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----

3 ST W36 X300 PASS AlSC- HI-2 992 2
377.08 C .00 -1737:01 .00

I - MkM-=- ---- ‘;, - ‘~~ljj-~<~$j~-r- - ‘~=- - ‘~~.-4- - ~~-~ “~8-.-~-~ - ‘~.=-~~~~.-~ ~jj~- >j-~jj //
I KL/R-Y= 22.5 YLD= 36.00 ALLOWABLE STRESSES:
/ FTZ= 23.76 FCY= 27.Oi FTY= 27-00 FA= 20-44 FT= 21.60 FV= 14.40 /

. . . . . . . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

4 ST W33 X387 PASS AlSC- HI-3 242 2
.00 .00 647:57 7.20

I - MkM-=” --- “ ‘4-, - ‘~A&: jl-Pjjvj-~,~j >:=- : j3-6j - ~-~=-~~3-.-O-O- -------- ‘. --- ‘s-~=- ‘2-O-~.-0 ISZ=1351 9
I KL/R-Y= 22.8 ALLOWABLE STRESSES: FCZ= 23.76 /
\ FTZ= 23.76 FCY= 27.00 FTY= 27.00 FA= 20.42 FT= 21.60 Fv= 14.40 /

. . . . . . . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

5 ST W36 X439 PASS AlSC- Hi-3
.00 c .00

116
371 :24

2
.00

I - MkM-=- -- “ - ‘5-, - ‘;~l-+ ‘~1-~--1-~~~, -- ‘L-=- - ‘8-6-.-4- - ~-~=-~2-8-.-O-O- -------- ‘-- - @ ~j-4j ~SZ=1620 5
I KL/R-Y= 21. ;cyfB;7 ;oOOFT;~D;73;oooFA~L;;w;;LE STRESSES’ -
/ FTZ= 23.76 - . FT= 21.60 FV= 14.40 /

. . . . . . . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

6 ST W33 X387 PASS AlSC- H2-1 224 2
377.08 T .00 -186:11 .00

----- ----- . . .

1- MkM-=- ---- ‘6-, - ‘~~lj~ j-l-Pjj@:: >;=- jj-2j- - ~-x-=-~ 1”3-.-O-O- ---- “ --- ‘.SZ=1351 9 SY= 200.0 I
I KL/R-Y= 45.6 ALLOWABLE STRESSES: FCZ= 23.76 /
/ FTZ= 23.76 FCY= i7.00 FTY= ~7.oo FA= 18.72 FT= 21-60 Fv= 14.40 I

. . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -
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ANALISYS
User ID: HAN-PADRON ASSOCIATES

-- PAGE NO.

“BUOY .ANCHOR UNIT SECTION UNDER HORIZONTAL L

ALL UNITS ARE - KIP FEET (UNLESS OTHERWISE NOTED)

MEMBER TABLE RESULTI CRITICAL-COND/ RATIOI LOADINGI
FX MY MZ LOCATION

= = = == = = = = = = = = = = = = = == = == = = == = = === ==== = == = = == = = == = = = = = === = = = = == = = = = = == ===

7 ST W33 X387 PASS AlSC- H2-1 336 2
377.08 T .00 484:69 .00

/" Mom-=------+, --;N-~+ -K-l-P;--ljj-~, ~~>;=-~j-6~.j-- >-~=-l-~3-.-o-o-----------"---S-~=--2-o"o-."~ ISZ=1351 9
I KL/R-Y= 22.8 CB= ALLOWABLE STRESSES: FCZ= 23.76 I
/ FTZ= 23.76 FCY= 27.00 FTY= i7.00 FA= 20.42 FT= 21.60 FV= 14.40 I

. . . . . . . . . . ----- ----- . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- -

8 ST W40 x593 PASS SHEAR -Y 596 2
.00 T .00 1848:00 .00

l- MkM"=------8-, --~N-l-+ -K-l -~--ljj-~, ---L-=---3-3- .-~- ~-X-=-~~4-. -o-o- " ---"----- ---------
I KL/R-Y= 8.8 CB=

SZ=2344 ‘7-- -(3Y= 302.() I

YLD= 36.00 ALLOWABLE STRESSES: FCZ= 23.76 /
/ FTZ= 23.76 FCY= 27.00 FTY= 27.00 FA= 21.21 FT= 21.60 FV= 14.40 I

. . . . . . . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

9 ST W40 x593 PASS AlSC- HI-3 000 1
.00 c .00 :00 .00

/- MkM-=------9-, --~~lj:j-l-<--ljj-H-, ---L-=---2-2-. -8-- ~-X-=-l-~4-. -0-0----------. -"--S-~=--3-o-2-. -o- ISZ=2344 7
I KL/R-Y= 6.0 YLD= 36.00 ALLOWABLE STRESSES:
i FTZ= 23.76

FCZ= 23.76 /
FCY= 27.00 FTY= 27.00 FA= 21.34 FT= 21.60 FV= 14.40 I

. . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

10 ST W14 x455 PASS AlSC- HI-3 .000 1
.00 c .00 .00 .00

/-~kM-=-----l"O-, --;;l-+ -~l-P:--ljj-H-,:: j;=-: j-Oj.j-- ~-X-=-l-3-4-. -0-0----------. ----S-~=--3-o-4-. -l- ISZ= 756 0
/ KL/R-Y= 6.9 CB= ALLOWABLE STRESSES: FCZ= 23.76 I
/ FTZ= 23.76 FCY= 27.00 FTY= i7.00 FA= 21.30 FT= 21.60 FV= 14.40 I

. . . . . . . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

11 ST PIP E PASS AlSC- H2-1 804 2
469.61 T .00 186:11 .00

/- MiM"=-----il-,--iN-l-i -K-l-P;--ljj-i,; ~j;=-jj-5:.j-- i-i=--5-2-.-5-i --S-i=-----. -"--s-~=--2-4-o-. -g- /240 9
/ KL/R-Y= 23.0 CB= ALLOWABLE STRESSES: FCZ= 23.76 I
/ FTZ= 23.76 FCY= 23.76 FTY= ~3.76 FA= 20.41 FT= 21.60 FV= 14.40 1

. . . . . . . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -
● 12 ST PIP E FAIL AlSC- HI-2 1.029 2

633.74 C .00 224.56 .00

/- MkM-=-----l-2-, --~N-lj:j-l);--ljj-A, ~~~~=-)j-5~.j-- ~-~=--5-2-."5-~ --------------S-~=--2-4-o-.-9" 1SZ= 240 9
I KL/R-Y= 23.0 ALLOWABLE STRESSES: FCZ= 23.76 /
/ FTZ= 23.76 FCY= 23.76 FTY= 23.76 FA= 20.41 FT= 21.60 FV= 14.40 I

. . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

13 ST PIP E PASS AlSC- H2-1 .034 2
38.16 T .00 .00 .00

4
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ANALISYS

●BUOY,ANCHOR UNIT SECTION UNDER HORIZONTAL L

ALL UNITS ARE - KIP FEET (UNLESS OTHERWISE NOTED)

MEMBER TABLE RESULTI CRITICAL COND/ RATIO/ LOADING/
FX MY MZ LOCATION

----- ----- ----- ----- ----- ----- ----- ----- ----- ------ ----- ------ ----- --------- ----- ----- ----- ----- ----- ----- ----- ----- ------ ----- ----- ----- -----

I - MiM-=- --- ‘~;, - )-N-lj_; ‘il-P;--ljj-H-,;; j:=- jj9;.j - ~-x-=- ‘~2-. ‘5-7_ -------- ‘. - ‘s-~=- ‘2-4-~ .-9- ISZ= 240 ‘9-
1 KL/R-Y= ALLOWABLE STRESSES: FCZ= 23.76 I

/ FTZ= 23.76 “FCY= ~3.76 FTY= 23.76 FA= 20.65 FT= 21.60 FV= 14.40 I
. . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

14 ST PIP E PASS AlSC- H2-1 .411 2
467.12 T .00 .00 .00

I - ii;-=- --- ‘f; - j-ij; jiI-P;--IjVj-i-i,;; j=” j-9j- - ~-x-=- ‘5-2-. ‘5-; -------- ‘. --- ‘s-~=- ‘2-4-O-.-9- ISZ= 240 9
I KL/R-Y= ALLOWABLE STRESSES: FCZ= 23.76 /
/ FTZ= 23.76 “FCY= i3.7k FTY= 23.7; FA= 20.65 FT= 21.60 Fv= 14.40 I

. ..-. . . . . . . . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

15 ST PIP E PASS AlSC- HI-3 .083 2
89.94 C .00 .00 .00

/ - MiM=- --- ‘;5-, - ‘Liilj; j-1-(--l)j2-H-,~; j:=- jj9j- - i-x-=- ‘5-2-. -5-; -------- ‘-- -- ‘s-~=” ‘2-4-;. “9- I
I KL/R-Y=

SZ= 240 9
19.1 ALLOWABLE STRESSES: FCZ= 23.76 I

/ FTZ= 23.76 FCY= 23.7; FTY= 23.76 FA= 20.65 FT= 21.60 Fv= 14.40 I
. . . . . . . . . . . . ------ ------ ------ ------ ------ ------ ------ ------ ------ -----

16 ST PIP E PASS AlSC- H2-I .119 2
134.71 T .00 .00 .00

/ - MkM-=- --- ‘~~, - )-N-l~B >-l-P;--l~I-i,~~ >:=- ~~-9~.~- - ~-x-=- ‘5>-. “5-; ------- -‘. --- ‘s-~=- ‘2-4-;. ‘9- ISZ= 240 9
/ KL/R-Y= ALLOWABLE STRESSES: FCZ= 23.76 I
/ FTZ= 23.76 ‘FCY= 23.76 FTY= ;3.76 FA= 20.65 FT= 21.60 FV= 14.40 /

. . . . . . . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

51. PRINT ANALYSIS RESULTS
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ANALISYS

●BUOY.ANCHOR UNIT SECTION UNDER HORIZONTAL L

JOINT DISPLACEMENT (INCH RADIANS) STRUCTURE TYPE = PLANE

JOINT

1

2

3

4

5

6

7

8

9

10

11

12

13

LOAD

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

X-TRANS

.00000

.00000

.00000

.00000

.02983

.02983

.00000

.22548

.22548

.00000

.22206

.22206

.00000

.20934

.20934

.00000

.20934

.20934

.00000

.22548

.22548

.00000

.29238

.29238

.00000

.32623

.32623

.00000

.32623

.32623

.00000

.01988

.01988

.00000

.01988

.01988

.00000

.00000

.00000

Y-TRANS

.00000

.00000

.00000

.00000
-.07438
-.07438

.00000

.00324

.00324

.00000
-.09038
-.09038

.00000
-.03252
-.03252

.00000
-.03468
-.03468

.00000
-.07171
-.07171

.00000
-.07171
-.07171

.00000
-.07171
-.07171

.00000
-.02717
-.02717

.00000
-.08273
-.08273

.00000
-.04397
-.04397

.00000

.00000

.00000

Z-TRANS

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

X-ROTAN

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

Y-ROTAN

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

Z-ROTAN

.00000
-.00052
-.00052

00000
-:00049
-.00049

.00000
-.00113
-.00113

.00000
-.00082
-.00082

.00000

.00019

.00019

.00000
-.00003
-.00003

00000
-:00123
-.00123

.00000
-.00148
-.00148

.00000
-.00148
-.00148

.00000
-.00148
-.00148

.00000

.00047

.00047

.00000
-.00001
-.00001

.00000

.00000

.00000
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-- PAGE NO. 6;

,
,

,
:.

,..,
,,
!,

<,

:,
~,,

!,..

;!

,“

.:
,.

,,

,-
:,.

.,

,,
~,,,

,,
,,

;:

.

:.’ ,,
r
!,,..
f.
~.),,.

- .—-—.——..—.. .———



ANALISYS

●BUOY.ANCHOR UNIT SECTION UNDER HORIZONTAL L

UserlD:HAN-PADRON ASSOCIATES
-- PAGE NO. 7

SUPPORT REACTIONS -UNIT KIP FEET STRUCTURE TYPE = PLANE
. ----- ------ . . . . .

JOINT LOAD FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y MOM Z

1 1 .00 00 .00 .00 .00 .00

2 -660.00 -415:56 .00 .00 .00 .00

3 -660.00 -415.56 .00 .00 .00 .00

13 1 .00 00 .00 .00 .00 .00

2 .00 415:56 .00 .00 .00 .00

3 .00 415.56 .00 .00 .00 .00

—.——... .——.. .—.. ——-



User ID: HAN-PADRON ASSOCIATES
-- PAGE NO. 8AN AL ISYS

●BUOY .ANCHOR UNIT SECTION UNDER HORIZONTAL L

MEMBER END FORCES STRUCTURE TYPE = PLANE
. . . . . . ------ -----
ALL UNITS ARE -- KIP FEET

AXIALMEMBER

1

LOAD JT

3
7
3
7
3
7

7
4
7
4
7
4

4
5
4
5
4
5

11
12
11
12
11
12

5
8
5
6
5
6

1
12

1
12

1
12

12
2

-.——

SHEAR-Y

.00
00

-38:16
38.16

-38.16
38.16

.00
00

-38:16
38.16

-38.16
38.16

.00
00

-324:00
324.00

-324.00
324.00

.00
00

-89:94
89.94

-89.94
89.94

.00
00

51:56
-51.56

51.56
-51.56

.00
00

-1:61
1.61

-1.61
1.81

.00

.00

SHEAR-Z TORSION MOM-Y

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

——.—...

MOM-i

.00

.00

.00

.00

.00

.00

.00

.00
00

-213:67
00

-213:67

.00
00

-1634:33
1573.28

-1634.33
1573.28

.00
00

-1737:01
-595.81

-1737.01
-595.81

.00

.00
00

-647:57
00

-647:57

.00
00

371:24
00

371:24
.00

.00
00

-186:11
162.88

-186.11
162.88

.00

.00

1

2

3

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

2 1

2

3

.00
00

660:00
-660.00

660.00
-660.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

3 .00
00

377:08
-377.08

377.08
-377.08

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

1

2

3

4 1

2

3

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

5 1

2

3

.00

.00

.00

.00

.00

.00

.00

.00
-377.08

377.08
-377.08

377.08

6 .00
.00
.00
.00
.00
.00

.00

.00

.00

.00

.00

.00

1

2

3

7 .00
.00

.00

.00
.00
.00

1
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ANALISYS

●BUOY.ANCHOR UNIT SECTION UNDER HORIZONTAL L

MEMBER END FORCES STRUCTURE TYPE
. . . . . . . ----- -----
ALL UNITS ARE --

MEMBER

8

9

10

11

12

13

14

LOAD JT

2

3

1

2

3

1

2

3

1

2

3

1

2

3

1

2

3

1

2

3

1

12
2

12
2

7
8
7
8
7
8

8
9
8
9
8
9

9
10

9
10

9
10

1
4
1
4
1
4

5
2
5
2
5
2

1
3
1
3
1
3

2
6

KIP FEET

AXIAL

-377.08
377.08

-377.08
377.08

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00
00

-469:61
469.61

-469.61
469.61

.00
00

633:74
-633.74

633.74
-633.74

.00
00

-38:16
38.16

-38.16
38.16

.00

.00

SHEAR-Y

43.15
-43.15

43.15
-43.15

.00
00

660:00
-660.00

660.00
-660.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00
00

26:95
-26.95

26.95
-26.95

.00

.00
30.71

-30.71
30.71

-30.71

.00

.00

.00

.00

.00

.00

.00

.00

= PL”ANE

SHEAR-Z

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

;,
UserlD:HAN-PADRON ASSOCIATES

-- PAGE NO. 9 :’

TORSION

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

MOM-Y

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

484.69
-173.99

484.69
-173.99

.00
00

1848:00
00

1848:00
.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00
00

186:11
163.73
186.11
163.73

.00
00

224:56
173.99
224.56
173.99

.00

.00

.00

.00

.00

.00

.00

.00
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ANALlbYb

●BUOY.ANCHOR UNIT SECTION UNDER HORIZONTAL L

MEMBER END FORCES STRUCTURE TYPE
. ----- ------ -----
ALL UNITS ARE -- KIP FEET

MEMBER LOAD JT AXIAL

2 2 -467.12
6 467.12

3 2 -467.12
6 467.12

15 1 4 .00
11 00

2 4 89:94
11 -89.94

3 4 89.94
11 -89.94

16 1 5 .00
12 00

2 5 -134:71
12 134.71

3 5 -134.71
12 134.71

17 1 6 .00
13 00

2 6 -415:56
13 415.56

3 6 -415.56
13 415.56

SHEAR-Y

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

= PLANE

SHEAR-Z

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

UserlD:HAN-PADRON ASSOCIATES
-- PAGE NO.

,0 .-.

TORSION

.00

.00

.00

.00

MOM-Y

.00

.00

.00

.00

MOM-i ,’

00 “
00 ‘
00:’
00

;“

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

● ************* END OF LATEST ANALYSIS RESULT ● “”**”***”””**

.00

.00

.00

.00

.00

.00

.00 “:’

.00 ‘:

.00 ‘

.00 ‘-

.00 ;

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

52. FINISH

● *”*”********** END OF STAAD- 111 ● *”**”*********

● *** DATE= MAR 6,2000 TIME= 13:12:40 ● ***

● ● ● ☛☛ ● ✎☛ ● ● ● ☛ ● ☛☛ ● ● ● ☛☛ ● ● ☛ ☛ ✎ ● ● ☛ ● ☛ ● ✎ ● ● ☛☛✎ ☛ ● ☛ ● ☛ ✎ ● ☛ ☛ ☛✎ ● ● ● ● ☛ ✎ ✎☛ ●

● For questions on STAAD- 111, contact: .
. Research Engineers, Inc at *
● West Coast: Ph- (714) 974-2500 Fax- (714) 921-2543 *
. East Coast: Ph- (508) 688-3626 Fax- (508) 685-7230 “
● * ● . ● ● * ● ● * ● * * * * ● ● ● ● * * ● . ● ● . * . * ● ● ● . ● . ● . ● ● * . . ** ● ● ● * . * ● ● ● ● ● . *
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1,
2,
3,
4,
5.
6.
7,
8.

1::
11,
12.
13.
14.
15.
16,

;i:
19.
20.
21.
22.
23.
24.
25,
26.
27.
28.
29:
30.
31,
32.
33.
34.
35,
36,
37.
38.
39,
40,
41.
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● ST AA D-111 ●

● Revision 22.3 ●

● Proprietary Program of ●
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● Date= MAR 6, 2000 ●

● Time= 13:58:51 ●
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STAAD PLANE ANALISYS
●BUOY.ANCHOR UNIT SECTION UNDER VERTICAL LOAD OF 440 KIPS
●PRELIMINARY CALCULATION
●RUN NAME-BUOY2
UNIT KIP FT
JOINT COORDINATES
100; 2 21.6 O; 3 0 10.8; 4 7.2 10.8; 5 14.4 10.8
6 21.6 10.8; 7 5.6 10.8; 8 5.6 13.6; 9 5.6 15.5
10 3.1 15.5; 11 7.2 O; 12 14.4 O; 13 21.6 35
●

MEMBER INCIDENCE
1 3 7; 2 7 4; 3 4 5; 4 11 12; 5 5 6; 6 1 12
7 122; 8 78; 9 8 9; 10 9 10; 11 1 4; 12 5 2
13 1 3; 14 2 6; 15 4 11; 16 5 12; 17 6 13

iEMBER RELEASE
13 TO 16 START MY MZ
13 TO 16 END MY MZ
17 START MY MZ
17 END MY MZ
●

UNIT INCHES
MEMBER PROPERTIES
1 2 5 TA ST W36X439
3 TA ST W36X300
4 6 7 TA ST W33X387
8 9 TA ST W40X593
10 TA ST W14X455
11 TO 16 TA ST PIPE OD 20 ID 18.25
17 PRISMATIC AX 120 12 91000 IY 91000
●

CONSTANT
E 29000 ALL
.

SUPPORTS
1 13 PINNED
UNIT FT
LOAD 1
JOINT LOAD
10 FY -440
LOAD 2

1

,,

,,
,

,,
<.
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I
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ANALISYS

●BUOY.ANCHOR UNIT SECTION UNDER HORIZONTAL L
42. 8FX0
43, ●

44. LOAD COMBINATION 3
45. 1 1.021.0
46. PERFORM ANALYSIS

P ROB L E M S TAT I ST I CS
----- ----- ----- . . . . . ----- ----- ---.-

UserlD:HAN-PADRON ASSOCIATES
-- PAGE NO. 2 “

1.
.. .

,,,

NUMBER OF JOINTS/MEMBER+ELEMENTS /SUPPORTS = 131 17/ 2
ORIGINAL/FINAL BAND-WIDTH = 111 4
TOTAL PRIMARY LOAD CASES = 2, TOTAL DEGREES OF FREEDOM = 35
SIZE OF STIFFNESS MATRIX = 455 DOUBLE PREC. WORDS
REQRD/AVAIL. DISK SPACE = 12.03/ 1292.7 MB, EXMEM = 1963.6 MB

++ Processing Element Stiffness Matrix. 13:31: 7
++ Processing Global Stiffness Matrix. 13:31: 7
++ Processing Triangular Factorization. 13:31: 7
++ Calculating Joint Displacements. 13:31: 7
++ Calculating Member Forces. 13:31: 7

47, PARAMETER
48. RATlO 1.0 ALL
49, TRACK 1 .0 ALL
50, CHECK CODE ALL

:

,.

,

1
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User ID: HAN-PAD RON ASSOCIATES
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●BUOY .ANCHOR UNIT SECTION UNDER HORIZONTAL L

STAAD- 111 CODE CHECKING - (AISC)
● ● ● * * ● ● ● ● ● ● * **** * ***** ●

ALL UNITS ARE - KIP FEET (UNLESS OTHERWISE NOTED)

MEMBER TABLE RESULTI CRITICAL COND/ RATIO/ LOADING/
FX MY MZ LOCATION

----- ----- ----- ----- ----- ----- ----- ------ ----- ----- ----- ----- ------- -------- ----- ----- ----- ----- ----- ----- ----- ----- ----- ------ ----- -------- --

1 ST W36 X439 PASS AlSC- HI-3 423 1
.00 .00 -1358~11 5.60

----- ----- .

/ - MkM-=- - “ -- ;1;,-j-il~;j-l-(--lj>-i,;; ;:=-; )+j- - ~-x-=-l-z-g-.-o-o--------- ‘---SZ=1620 5 SY= 234.6 I
/ KL/R-Y= ALLOWABLE STRESSES: FCZ= 23.76 I
/ FTZ= 23.76 .FCY= ~7.00 FTY= 27.00 FA= 20.77 FT= 21.60 FV= 14.40 I

. . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

2 ST W36 X439 PASS SHEAR -Y 264 1
.00 c .00 -258:11 .00

----- . .

/- Mom=----- ~;, -~-N-lj;j-l-(--ljj-~,; ;;:=- ;~-9;.j-- ~-x-=-~2-8-. -O-O----------- ‘-
I KL/R-Y=

SZ=1620 ‘5-- -SY= 234.6 I

ALLOWABLE STRESSES: FCZ= 23.76 I
/ FTZ= 23.76 .FCY= 27.oO FTY= 27.oO FA= 21.39 FT= 21.60 Fv= 14.40 I

. . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

3 ST W36 X300 PASS AlSC- HI-3 136 1
71.50 c .00 210:99 7.20

-----

/- MkM-=------3-, --;N-l-i -~1-~--1-~6~, ---L-=---8-6-. -4-- ~-x-=--~8-. -3-~ ------------ ~jj~->:6j: ~SZ=I105 1
I KL/R-Y= 22.;cy~B;7 ;OOOFT;;D;73;OOOFA:L;:W;:LEF;:R:;S:;:
I FTZ= 23.76 - . FV= 14.40 /

. . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

4 ST W33 X387 PASS AlSC- Hi-3 092 1
.00 .00 245:72 7.20

----- ----- . . .

I - MkM-=- ---- ‘4-, - ‘~~1>: j-l-pjji-~,~: j;=- : j3-6j - ~-x-=-l-l-3-.-o-o- -------- ‘.SZ=1351 9 SY= 200.0 /
I KL/R-Y= 22.8 ALLOWABLE STRESSES: FCZ= 23.76 j
I FTZ= 23.76 FCY= i7.00 FTY= ~7.00 FA= 20.42 FT= 21.60 Fv= 14.40 I

. ..-. . . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

5 ST W36 X439 PASS AlSC- H2-1 .050 1
.00 T .00 161.20 .00

. . . . . . . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

I MEM= UNIT KIP- INCH, L= 86.4 AX=128.00 SZ=1620.5 SY= 234.6
I KL/R-Y= 25i.9 CB= 1.00 YLD= 36.00 ALLOWABLE STRESSES: FCZ= 23.76
/ FTZ= 23.76 FCY= 27.00 FTY= 27-00 FA= 20.48 FT= 21.60 Fv= 14.40

. . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

6 ST W33 X387 PASS AlSC- H2-1 081 1
71.50 T .00 -139:13 14.40

----- ----- ----- --

1- MkM-=- ---- ‘6-, - ‘~~1-~ ‘K-l-~--l-N”~~,- - ‘L-=- ‘7_~2-. ‘8- - ~~-=-l-~3-.-o-o- -----SZ=1351.9 SY= 200.0
I KL/R-Y= 46.;CYZB;7 ;oOOFT;~D;73;oOOFA~L;;w;;LEF;~R;;s;;: FCZ= 23.76
\ FTZ= 23.76 FV= 14.40

. . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

—- —--v . . ..— —.. .. . —- c----- ..,—---. -- . . . ..-——-.-.-—---- — .—,T --— -!-
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ANAL ISYS

●BUOY.ANCHOR UNIT SECTION UNDER HORIZONTAL L

ALL UNITS ARE - KIP FEET (UNLESS OTHERWISE NOTED)

MEMBER TABLE RESULTI CRITICAL COND/
FX MY

UserlD:HAN-PADRON ASSOCIATES
-- PAGE NO.

RATIO/
MZ

LOADING/
LOCATION

----- ----- ----- ----- ----- ------ ------ ----- ----- ----- ----- ----- ------ -------- ----- ----- ----- ----- ------ ----- ----- ------- ----- ------ -------- ----

7 ST W33 X387 PASS AlSC- H2-1 069 1
71.50 T .00 106:59 .00

----- ----- -

I - MkM-=- -- “ - ‘;, - ‘~N-l-+ ‘K-l-P_ --l-~6~,- - ‘L-=- - ‘8-6-. ”4- - ~~-=-7_f_3-.-O-O- -------- ‘.- - ~::: ;; 0;: ~SZ=1351 9
I KL/R-Y= 22. ;cyfB;7 ;000FT;~D;73;oOOFA~L;;w;;LEF;~R;;s~f: -
I FTZ= 23.76 - . FV= 14.40 I

. . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

8 ST W40 x593 PASS AlSC- HI-3 356 1
440.00 c .00 -1100.-00 .00

I - MkM=- ---- ‘8-, - ‘;~lj ‘~l-P:--l_jjH-,~: ~~=- : j3j- - ~-~=-l-~4-.-o-o- -------- ‘. - ‘s-~= 302.0 I
I KL/R-Y= 8.8

S.Z=2344 ‘7- ‘------
ALLOWABLE STRESSES: FCZ= 23.76 I

I FTZ= 23.76 FCY= ;7.00 FTY= 27.00 FA= 21.21 FT= 21.60 FV= 14.40 I
. . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

9 ST W40 x593 PASS AlSC- Hi-3 355 1
440.00 c .00 -1100:00 .00

/-MkM-=------9~,- j-N-lj:j-l-<--ljj-~,~~j;=- ~j-2~.j--~~-=-~~4-.-o-o- “-- ------:””-- ‘ ---------S2=2344 7 SY= 302 0 I
I KL/R-Y= ALLOWABLE STRESSES: FCZ= 23.76 I
/ FTZ= 23.76 .FCY= ~7.00 FTY= 27.00 FA= 21.34 FT= 21.60 FV= 14.40 I

. . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

10 ST W14 x455 PASS SHEAR -Y .797 1
.00 T .00 1100.00 .00

I - MkM-=- --- ‘{o-, - ‘;N-Ij~tiI-P~--ljj-H-,~~ j-~=- j j-oj.j- - ~-x-=-~3-4-. ‘o-o- ------- “ ‘.- -- ‘s-~=- ‘3-o-4---~ IS2= 756 0
/ KL/R-Y= 6.9 ALLOWABLE STRESSES: FCZ= 23.76 I
/ FTZ= 23.76 FCY= 27.00 FTY= i7.00 FA= 21.30 FT= 21.60 FV= 14.40 I. . . . . . . . . . ----- . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

11 ST PIP E PASS AlSC- Hi-3 338
146.77 C .00 -96:16 12.18

I “ MkM-=- --- ‘Ij - )-N-I): jf-l”pjjj~,~: ~~=- )j-5~._j - ~~-=- ‘5-2---5-; -------- “. --- ~-~=- ‘2-4-o-. ‘9- IS2= 240 9
I KL/R-Y= ALLOWABLE STRESSES:
I FTZ= 23.76

FCZ= 23.76 I
.FCY= 23.76 FTY= 23.76 FA= 20.41 FT= 21.60 FV= 14.40 /

. . . . . . . . . . ----- . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

12 ST PIP E PASS AlSC- Hi-3 215 1
118,85 C .00 49:79 .00

/ - Mkh-=- --- ‘1>;, - )-N-I): >-l-Pjjj-H-,~: j:=- )_j5~.j- “ ~-~=- ‘5-2-. ‘5-7_ ---- “ --- ‘-- -- ~-+=- “2-4-o-. ‘9- IS2= 240 9
/ KL/R-Y= ALLOWABLE STRESSES: FCZ= 23.76 /
/ FTZ= 23.76 .FCY= i3.76 FTY= 23.76 FA= 20.41 FT= 21.60 FV= 14.40 I

. . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

13 ST PIP E PASS AlSC- Hi-l .223 1
242.52 C .00 .00 .00

)
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ANALISYS

●BUOY.ANCHOR UNIT SECTION UNDER HORIZONTAL L

ALL UNITS ARE - KIP FEET (UNLESS OTHERWISE NOTED)

MEMBER TABLE RESULTI CRITICAL COND/ RATIO/ LOADING/
FX MY MZ LOCATION

----- ----- ----- ----- ----- ----- ----- ----- ----- ------- ------ ------ ----- ------- ----- ----- ----- ----- ----- ----- ------ ----- ----- ----- ------ ------ ---

----- ----- ----- ----
/ - MiM=- --- ‘1-3-, - ‘iilji; >-l-pjjj”i,;; ;:=- jj-9_j - ~-x-=- ‘5-2-. -5-; --- SZ= 240.9 SY= 240.9 /
/ KL/R-Y= 19.1 - ALLOWABLE STRESSES: FCZ= 23.76 I
I FTZ= 23.76 FCY= 23.76 FTY= 23.76 FA= 20.65 FT= 21.60 FV= 14.40 1

. . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

14 ST PIP E PASS AlSC- H2-1 .075 1
85.54 T .00 .00 .00

----- .-

1- MkM-=- --- ‘$;, “ ~-N-lj: j-l-PjjJj-~,~~ ~;=- jj-9~-j- - ~-x-=- ‘5-2---5-+ -------- ‘- “ “-
I KL/R-Y=

s.= 240 ‘g---sy- 240.9 I

ALLOWABLE STRESSES: FCZ= 23.76 I
I FTZ= 23.76 “FCY= i3.7i3 FTY= 23.7; FA= 20.65 FT= 21.60 Fv= 14.40 I

. . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

15 ST PIP E PASS AlSC- HI-3 .031 1
34.13 c .00 .00 .00

----- ----- ----- ----- ----- --

1- Mkb”=- --- ‘;5-, - ‘~N-lj_: )-l-P; --ljj-H-,~: ~:=- jj-9~.j - ~-x-=- ‘5 2.57 SZ= 240.9 SY= 240.9 I
\ KL/R-Y= 19.1 ALLOWABLE STRESSES: FCZ= 23.76 j
1 FTZ= 23.76 FCY= ;3.76 FTY= ;3.76 FA= 20.65 FT= 21.60 FV= 14.40 I. . . . . . . . . . . . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

16 ST PIP E PASS AlSC- H2-1 .034 1
38.16 T .00 .00 .00

I- MkM-=-- -- ->~~lj6jl16<-ljj--ljj-~,~~j~=- j-9~.j- ~-~=- -5-2-.-5-- -------- ‘- ---------
I KL/R-Y=

sz= 240 ‘g-- -sy= 240.9 ]

ALLOWABLE STRESSES: FCZ= 23.76 I
I FTZ= 23.76 .FCY= i3.76 FTY= 23.7; FA= 20,65 FT= 21-60 Fv= 14.40 I

. . . . . ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- ----- -

51. PRINT ANALYSIS RESULTS

:,
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JOINT DISPLACEMENT (INCH RADIANS) STRUCTURE TYPE = PLANE
. . . . . . ------ ------

JOINT

1

2

3

4

5

/
6

7

8

9

10

11

12

13

LOAD

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

X-TRANS

.00000

.00000

.00000

.00566
00000

:00566
.03266
.00000
.03266
.03266
.00000
.03266
.03025
.00000
.03025
.03025
.00000
.03025
.03266
.00000
.03266
.01811
.00000
.01811
.00243
.00000
.00243
.00243
.00000
.00243
.00377
.00000
.00377
.00377
.00000
.00377
.00000
.00000
.00000

Y-TRANS

.00000

.00000

.00000
-.01254

.00000
-.01254
-.02062

.00000
-.02062
-.03980

.00000
-.03980
-.01074

.00000
-.01074
-.00527

.00000
-.00527
-.05060

.00000
-.05060
-.05353

.00000
-.05353
-.05552

.00000
-.05552
-.12198

.00000
-.12198
-.03690

.00000
-.03690
-.01398

.00000
-.01398

.00000

.00000

.00000

Z-TRANS

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

X-ROTAN

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

Y-ROTAN

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

Z-ROTAN

-.00020
00000

-:00020
-.00001

.00000
-.00001
-.00033

.00000
-.00033

.00031

.00000

.00031

.00015

.00000

.00015

.00006

.00000

.00006

.00028

.00000

.00028
,00058
.00000
.00058
.00079
.00000
.00079
.00174
.00000
.00174
.00027
.00000
.00027
.00009
.00000
.00009
.00000
.00000
.00000

,
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UserlD:HAN-PADRON ASSOCIATES
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SUPPORT REACTIONS -UNIT KIP FEET STRUCTURE TYPE = PLANE
.-...- ------ -----

JOINT LOAD FORCE-X FORCE-Y FORCE-Z MOM-X MOM-Y MOM Z

1 1 .00 376.85 .00 .00 .00 .00
2 .00 00 .00 .00 .00 .00
3 ,00 376:85 .00 .00 .00 .00

13 1 .00 63.15 .00 .00 .00 .00
2 .00 00 .00 .00 .00 .00
3 .00 63:15 .00 .00 .00 .00



User ID: HAN-PADRON ASSOCIATES
AN AL ISYS

●BUOY .ANCHOR UNIT SECTION UNDER HORIZONTAL L

-- PAGE NO. 8:

,,

MO M-i ?’

MEMBER END FORCES STRUCTURE TYPE = PLANE

ALL UNITS ARE -- KIP FEET

AXIALMEMBER

1

LOAD JT

3
7
3
7
3
7

7
4
7
4
7
4

4
5
4
5
4
5

11
12
11
12
11
12

5
6
5
6
5
6

1
12

1
12

1
12

12
2

SHEAR-Y

242.52
-242.52

.00
00

242:52
-242.52

-197.48
197.48

.00
00

-197:48
197.48

-34.62
34.62

.00
00

-34:62
34.62

-34.13
34.13

.00
00

-34:13
34.13

22.39
-22.39

.00
00

22:39
-22.39

5.60
-5.60

.00
00

5:60
-5.60

9.63
-9.63

SHEAR-Z TORSION

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

MOM-Y

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00
00

:00
.00

.00

.00

.00

.00

.00

.00

71.50
-71.50

.00
00

71:50
-71.50

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

-71.50
71.50

.00
00

-71:50
71.50

-71.50
71.50

.00

.00

.00

.00

.00

.00

00
1358:11

.00

.00
00

1358:11

-258.11
-57.85

.00

-258:;;
-57.85

-38.31
-210.99

.00
00

-38:31
-210.99

00
-245:72

.00

.00
00

-245:72

161.20
.00
.00

00
161:20

.00

-58.42
139.13

.00
00

-58:42
139.13

106.59
-37.24

1

2

3

2 .00
.00
.00
.00
.00
.00

3 1

2

3

.00

.00

.00

.00

.00

.00

A 1

2

3

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

5 1

2

3

:“

;}

:. ,,
,,

i,
,.

;,

:,

,’

i,
,,

.,

6 1

2

3

.00

.00

.00

.00

.00

.00

.00

.00
7 1

:,
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MEMBER END FORCES STRUCTURE TYPE

ALL UNITS ARE --

MEMBER LOAD JT

8

9

10

11

12

13

14

2

3

1

2

3

1

2

3

1

2

3

1

2

3

1

2

3

1

2

3

1

12
2

12
2

7
8
7
8
7
8

8
9
8
9
8
9

9
10

9
10

9
10

1
4
1
4
1
4

5
2
5
2
5
2

1
3
1
3
1
3

2
6

KIP FEET

AXIAL

.00

.00
-71.50

71.50

440.00
-440.00

.00

.00
440.00

-440.00

440.00
-440.00

.00

440:::
-440.00

.00

.00

.00

.00

.00

.00

146.77
-146.77

.00
00

146:77
-146.77

118.85
-118,85

.00
00

118:85
-118.85

242.52
-242.52

.00
00

242:52
-242.52

-85.54
85.54

SHEAR-Y

.00
00

9:63
-9.63

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

440.00
440.00

.00
00

440:00
440.00

11.91
-11.91

.00
00

11:91
-11.91

6.71
-6.71

.00
00

6:71
-6.71

.00

.00

.00

.00

.00

.00

.00

.00

= PLANE

SHEAR-Z

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

TORSION

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

-- PAGE NO. 9

MOM-Y

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

—-— ——---

MOM-i

.00

.00
106.59
-37.24

-1100.00
1100.00

.00

.00
-1100.00

1100.00

-1100.00
1100.00

.00
00

-1100:00
1100.00

1100.00
.00
.00

00
1100:00

.00

58.42
96.16

.00
00

58:42
96.16

49.79
37.24

.00
00

49:79
37.24

.00

.00

.00

.00

.00

.00

.00

.00

{
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MEMBER END FORCES STRUCTURE TYPE
. . . ..- ------ -----
ALL UNITS ARE -- KIP FEET

MEMBER LOAD JT AXIAL

2 2 .00
6 00

3 2 -85:54
6 85.54

15 1 4 34.13
11 -34.13

2 4 .00
11 00

3 4 34;13
11 -34.13

16 1 5 -38.16
12 38.16

2 5 .00
12

3 5 -38:i~
12 38.16

17 1 6 -63.15
13 63.15

2 6 .00
13 00

3 6 -63:15
13 63.15

SHEAR-Y

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00
. . 00

= PLANE

SHEAR-Z

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

UserlD:HAN-PADRON ASSOCIATES
-- PAGE

TORSION

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

MOM-Y

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

● ************” END OF LATEST ANALYSIS RESULT ● ● * ● ● ● * ● ● * . * **

52. FINISH

‘“*”*********”* END OF STAAD- 111 ● **”*”*”””””***

● *** DATE= MAR 6,2000 TIME= 13:31: 7 “***
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Preliminary calculations of bearings and anchor unit

Alternative Design

Deskn Loads:
Horizontal load from chains:
kN
Differential pressure on water pipe:

6000

200kPa

Material and desism stress:
All steel p~s are made from hot rolled sheets with fY=36 ksi (fY=248 MPa)
Design stress in bending: 248/1.67= 149
MPa
Design stress in shea~ 248/2.50= 99 MPa
Bolt quality 8.8 (tensile strength = 800MPz yield stress= 640 MPa)
M54, effective cross section in tension 1890 mm2
Prestress 1890x 800x 0.7x 10-3= 1058
kN
Design strenght: 1890x 800x 10-3‘/2= 756 kN

s, ,
,,

. ..

,,
‘.

Bearings:
Bearings between plate unit and anchor unit are Mammoth rollers from Hdman Equipment
Co., New Jersey.
Bearing for horizontal load is a modified type 7X with a capacity of 500 US tons= 4448
m
Bearing for vertical load is a modfied type 6X with a capacity of 300 US tons = 2669 kN
Bearings between chains and anchor unit are LUBRON AQ flange bushings. Lubron alloy
862 is used with a recommended bearing load of 6000 psi= 41.4 MPa. Stainless steel is
intended as material in mating sufiace.

Assumptions:
1, 6 parallel chains are comected to weights. The submerged weight of each is 1000 kN.
The weights are moving in vertical tubes sunk into the sea bed.
2. Horizontal force is assumed evenly distributed between the chains.
3. Vertical loads are only considered in the design of the lubron bearings.
4, Approximate geometry is used in the calculations.

1’



Extent of design:
Only the lower part of the anchor unit is considered. The upper part is not different from
the “standard” design.

Calculation of bearing loads on Lubon bushks:
Horizontal load: .R= IWW

Moment at center of bearing: M = 1000x 0.475
=

475 kNm
Bearing stress on bushing: f= 1.000~0.55’x 0.275) + 0.475X 6/(0.275X
0.5502) =

40.9 MPa <41.4 MPa
Vertical load: N= 1000 ~
Bearing stress on flange: f= 1.000x 4/(z (0.3752- 0.3252))= 36.4 MPa <
41.4 MPa

Design of bottom rirw bean-c
Horizontal forces: The ring is loaded with six parallel forces of 1000
kN each. The ring must redistribute the
forces as a sinus distributed shear
force in the cylindrical wall. Diagonal beams are not
considered.
From Roark’s Formulas for Stress& Strain, 6th. edition, table 17, case 1, case 4 and case
20:
Moment around vertical axis: M= WxR(3z/2 -3/z)= 1000x3.175 (3x/2 -
3/@ = ,

-282 kNm
N=3xw/n=3x looo/7c=955kN
Shear: V =_LOQO/..=500 kN

Eccentricity of chain force e = 550/2 + 200 = 475mm
Moment around horizontal axis: M= 1000x 0.475/2= 138 l@Jm
Torsfonal moments are carried by the diagonal beams.
Cross sectional properties: A=550x550- 510x510 =42400mm2

I =550x5503/12 - 510x5103/12= 1988x 106
mm4

S= I/275 =7.229x 106mm3
Stress: f= 955/42.4+ (282+ 138)/7.229= 81 MPa <
149 MPa
Shear stress: z = 500000/(20x2x 550)=23 MPa



Design of diagonal beam in bottom ring:
Moment: M = WOOx 0.475 = 475 kNm at edge
Shear force: Q=475/3.5=136kN
Cross sectional properties A=2x300X20+510X 15= 19650mm2

I =%x300x20x5302+15x5103/12=1009x
106mm4

S =1/275 =3.667x 106mms
Normal stress f.= 4253567 = 130 MPa <149 Ml%
Shear stress: ~ = 136000/(550x 15)= 16.5 MPa

Design of exterior cylindrical shell:
Shear stress: f= W/(Z XRX t) = 6000 X 103/(x X 3500 X 20)
=27 MPa
Moment: M = 6000x 2.650= 15900 kNm
Bending stress (neglecting vertical stiffeners): f= M/(z x R* x t) = 15900x 10G/(n x
35002 x 20)= 21 IVII?a

Critical elastic shear stress according to ECCS: ‘73ucklingof Steel Shells”
f= 0.75’XE x @/l)osx (t/R)125= 0.75 x 2.1 x 105

x (3500/1950)0’x (20/3500)125=
332 MPa >>99 MPa >27
Critical elastic compression stress according to API RP 2A

t&=2x O>x Ext/D= 0.6 X2.1X105X
20/7000 =

360 MPa
Design compression stress fXC= 149 (1.64 - 0.23x (7000/20)0.25)= 96>21 Mpa
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Preliminary calculations of bearings and anchor unit
Desire Loads:
Horizontal load from chains:
kN
Differential pressure on water pipe:

6000

200kPa

Material and design stress:
All steel p~s are made from hot rolled sheets with fY=36 lcsi (fY=248 MPa)
Design stress in bend@g: 248/1.67= 149
MPa
Design stress in shea.c 248/2.50= 99 MPa
Bolt quality 8:8 (tensile strength = 800 MI@ yield stress= 640 MPa)
M54, effective cross section in tension 1890-2
Prestress: 1890x 800x 0.7x 103= 1058
m
Design strenght: 1890x 800x 10-3/2= 756 kN

Bearings:
Bearings between plate unit and anchor unit are Mammoth rollers from Hilman Equipment
Co., New Jersey.
Bearing for horizontal load is a modified type 7X with a capacity of 500 US tons= 4448
I@?
Bearing for vertical load is a modified type 6X with a capacity of 300 US tons= 2669 kN

Assumption
1, 6 chains are spread out radial fi-omthe buoy, each of them anchored to a concrete block
on the sea bed.
2.The horizontal force is assumed transmitted by only one chain.
3. Vertical loads from chriinsare neglected, On the stie side, as vertical cha.inload reduces
moment at level of bearings.
4. Appro~mate geometry is used in the calculations.

Calculation of beark loads:
Horizontal load: R= 6000/ (1+2X COS(60”)2)= 4000 kN <4448
m
Vertical load: Moment at level of bearings: M= 6000x 3.81 =

22860 ~pI
Diameter of centerline of bearings: 6.69 m
R= M/( l.5x6.69) =2278 kN<2669kN



Design of bottom ring beam:
Horizontal forces: The ring is loaded with one horizontal force of
6000 I@J. The ring must redistribute the force as a sinus
distributed shear force in the cylindrical wall. Only the
diagonal b~am in the tlrection of the force is
considered.
From Roark’s Formulas for Stress& Strai~ 6th. edition, table 17, case 1 and case 20:

M= Wx~(4 x@= 6000x3.175/ 12.566=
1516kNm

N = 0.75X W/n= 0.75X 6000/7c= 1432 kl’?
Cross sectional properties: A =900x650- 840x 600= 81000mm2

I = 900X 6503/12 - 840X 6003/12= 5477X 106
mm4

S= I/325= 16.85x 10Grnm3
Stress: f= 1432AU +15-lJ5/16.85 = 108 M%< 149
MPa

DesiRIIof diagonal beam in bottom ring:

comection is

Normal force:
Moment:
200 =

edge of ring

Moment fi-omthe eccentricity of the chain
ca~ed by the diagonal beams

N=%x6000=30001cN
Eccentricity of horizontal chain force: 900/2 -

250 mm
M = 6000x 0.250= 1500 kNm at edge
M = 1500x 6M017000 = 1361 kNm at.iwer
beam .

Differential pressure on water pipe 200x 2.22X
7d4=

760 khl
M=760x7.0/ (3x4) +%x1500 =l193 <

1361 at center
Shear force
Cross sectional properties:

106mm4

Normal stress:
MPa
Shear stress:

Q= 1500/ 7.0+ 760/6= 341 kN
A =2x500x30+840x25= 51000mm2
I=%x 500x30x 8702+25X 8403/12=6912x

S= I/450= 15.36x 10Gmm3
f= 3000/51.00+ 1361/15.36= 147 MPa <149

f= 341000/(900x 25)=15 MPa



Desig,nof exterior cylindrical shell:
Shear stress: f= W1(ZxRxt) = 6000 X 103/(xX 3500X 25)
=22 MYa
Moment: M = 6000x2.650= 15900 kNm
Bending stress (neglecting vertical stiffeners): f= M/(n x R.*x t) = 15900x 106/(z x
35002 X25)= 17 MPa
Critical elastic shear stress according to ECCS: “Buckhg of Steel Shells”

f= 0.75x E X@@”5X (t/R) 1”25=0.75 X2.1 X 105
x (3500/1950)00’x (25/3500)’”25=
438 MPa >>99 MPa
Critical elastic compression stress according to API RI?2A

f.e=2x02x Ex~= 0.6 X2.1X105X
25/7000 =

450 ma
Design compression stress: fxc= 149 (1.64 - 0.23x (7000/25 )0”25)= 104>17 Mpa

Design of utmer flat Plate:
The part of the plate between the radial stiffeners is approximated with a cirkular plate
with clamped edges, R = 650mm.
Moment per unit length m=p R2/8 = 200 x 0.652/8 = 10.56 kN

f= 6 x 10560/302 =70 MPa <149 MPa

Desire of beam over bearings:
Vertical load from bearing:
Tension in bolts
Vertical reaction at inner end of beam
Tension in one bolt:
Shear in beam
Moment in beam:
Shear stress:
Cross sectional properties:
20800 +
Depth of Center of gravity
580)/48800 =

+ 20800X

Bending stress, top:
Bending stress, bottom
Considering holes for bolts:

2278 lihl
N, =.2278K20MYMJ.5 = 3007 lds
NC= 3007-2278 = 729 kN
N =3007/4=752 W <756 MPa
Q= 2278 kN
M =2278x 0.380= 866 kNm
f= 2278x 103/(40x 600)=95 MPa e 99 MPa
A =400x40+520x40+300x40=16000+
12000 = 48800 mm2
q = (16000 x20 +20800X 300+ 12000X

277.0 mm
I = 16000 X-2532+20800X 232+ 1200.0x 3032

5202a2 =k3.8 x 106 mm4
S = I/323= 8167X 103mm3(top)
S = I/277= 9524x 103mm3(bottom)
f= 866/8.167= 106 MPa <149 MPa
f= 866/9.524 =91 MPa
f= 91 x400/280 = 130 MPa <149 MPa
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Content of Chapter 3

The contemt of this chapter is the design by Han-Padron Associates of the rapid ascent
system. The high-pressure tanks are not detailed. They consist of standard 10-inch pipe
that are coiled at convenient locations on the underside of the buoy.

The capacity to perflormmultiple moo!-ingattemyts is ensured by making the 10-inch
tanks long enough. A standard pressure of 3000 psi is used for these tanks. 50 meters of
pipe contain sufficient air for one mooring attempt. Thus 2* 200 meters of piping is
adequate to give the buoy the capability to perform 8 mooring attempts without having
the high-pressure air replenished.

The electrical system has not been detailed. However it is based on 24 volt DC
maintained by battery packs that are.recharged each time a ship is present. The charging
power is provided through an electromagnetic coupler surrounding the coupling for the
high-pressure air supply from the sh~.

The electrical system is duplicated (A system and B system) These systems have no
common parts and are connected to their respective buoyancy control system. Each
system has an acoustic receiver that “wakes the system up” when the ship approaches and
sends the signal. An acoustic confirmation signal is re~eatedly emitted in re~onse.
Following wake-up vertical lights are lit to assist in centering the buoy.
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Following wake-up PLCS initiate a series of events as follows

. Pressure in the low pressure tank is raised if required to 700 kpa above ambient
external pressure

. The leak proof valve is opened

. The pilot for the rapid o~enigg valve is energized

The command to ascend rapidly is received as a modulated infrared signal from the ship.
This causes actuation of the rapid o~ening valve. If this signal is lost for more than 30
seconds then the rapid descent system is automatically activated. This will for example be
the case each time the mooring is successfidly moored and the vessel shuts off the signal.

Rapid descent is also activated by an acoustic signal received by the wake-up unit.

The unit automatically goes into sleeping mode one hour after “wake up’ or when battery
charging starts.
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January 14,2000
Job No. 864-01

Mr. Jens Korsgaard
Suction Mooring Technology
318 North Post Road
Princeton, NJ 08550

Dear Jens,

Han-Padron Associates LLP is pleased to submit the attached report in conclusion
of the design/analysis work of the SMT Pneumatic Deployment (Ascend)/Rayid Descend
System. The report consists of a summary of the process dat~ simplified P&lI), detailed
calculations, valve catalog cuts and model numbers, and a budgetary estimate by Daniel
Valve Company.

We appreciate the opportunity to carry out this work and we look forward to
petiorming any subsequent work on the subject matter. Please call me should you have
any question or comment.

Very truly yours,

HAN-PADRON ASSOCIATES, LLP

Yehoshua Gdad, P.E.
Mechanical Department Mamger
Project Manager

YG/yg
p:\800s\864bnechankalkepod.sMiialrepoxt.doc

C: M. I?aeth
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SMT Pneumatic Deployment (Ascend)/Rapid Descend System

Process Data and Description

1, General Description

The suction mooring pneumatic system consists of three compressed air tanks
interconnected with pipes and valves to provide the mooring deployment motion
(ascend}, the emergency disengagement motion (rapid descend), and all associated
compressed air services (refill, ~ressure maintenance, control fi.mctions, etc.). The three
tanks include a high-pressure tank (HPT), a low-pressure tank (LPT), and a bottomless
buoyancy tank (BBT).

The LPT supplies the necessary compressed air to purge the water fi-omthe BBT
during deployment (ascend) and to,p~e the air fkom the BBT during rapid descent.
Both operations are performed separately and by separate pipelines and control valves.
The HPT serves as a reservoir used to replenish the LPT. All operations are controlled
remotely from the moored vessel.

Compressed air is supplied to the mooring system by the vessel through a quick-
connect coupling. It is assumed that~eriodic maintenance. will be petiormed on the
mooring system. Thus, the air lines feeding the valve pilots, where instrument air is
needed, ar~ equipped with a filter/re~lator/lubricator and a desiccant cartridge.

2. Deployment System

The LPT is designed to provide compressed air to the BBT for four separate
deployment attempts. It has a des~n o~eratin~~ressure rqn~e of 80.5 psia to 175 psia.
Compressed air is transfemed to the 13BTthrough a 6 inch pipeline equipped with an 8
inch control valve. The volumes of fie LPT and BBT are 140 cu-m and 150 cu-m,
respectively. The control valve is filly openkkxe within 2 seconds, and remains open
continuously for 8 seconds (per de~loyment attern@. The incoming compressed air
drives the water out of the BBT ~using the mooring system to ascend to the vessel. The
maximum pressure in the BBT is .66-~sia which is the static~ressure at the des~n depth
of35m. With each deployment attempt, the mass flowrate and remaining mass in the
LPT change as do the pressure and temperature inside the LPT. In all cases, the flow
through the interconnecting pipe is subsonic.

The conditions for each deployment attempt are shown in the following table:
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Stage State Variable Mass Transfer
Preliminary

Air Mass = 4,489 lb~
Pressure = 175 psia
Temperature = 60”.F

After Deployment 1 ‘
Air Mass = 4,035 lb~ Air Mass = 454 lb~
Pressure = 150.5 psia
Temperature = 38”F-

After Deployment 2
Air Mass = 3,639 lb~ Air Mass = 396 lb~
Pressure = 130.2 psia
Temperature = 18~

After Deployment 3
Air Mass = 3,295 lb~ Air Mass = 344 lb~
Pressure = 113.3 psia
Temperature = -1’71?

After Deployment 4
Air,Mass = 2,999 lb~ Air Mass = 296 lb~
Pressure = 99.4 psia
Temperature = -17”F
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The final conditions after each deployment attempt were assumed to be the initial
conditions for the following attempt.

3. Rapid Descent System

In case of an emergency, the disengagement of the mooring system involves a
rapid submergence of the system back to the sea floor. In order to attain rapid
submergence, the LPT purges the air horn the BBT by a siphon effect. This is done
through a 2 % inch pipeline and a 3 inch control valve. The pipeline and valve are sized
to maintain a flowrate in the proximity of 70.64 SCFS. The pressure in the BBT is
assumed to be atmospheric. In order to size com~onents based on the worst case, the
conditions in the LPT prior to the BBT rapid descent are assumed to correspond to the
conditions immediately following the fourth deployment attempt, the lowest reserve of
compressed air at the lowest pressure. During a rapid descent activation, the valve
remains open for a period of 20 seconds.

~er the rapid descent, the conditions in the LPT areas follows:
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Air Mass = 2,889 lb~
Pressure = 94.3 psia
Temperature = -24°F
Mass Discharged = 110 lh
Volumetric Flowrate = 72.12 SCFS (Sonic)

The minimum design pressure of the LPT is 80.5 psia. The lowest possible operating
pressure of94.3 psia is greater than the minimum design,~ressure.

4. Replenishment System

The LPT is replenished by the HPT. Afler the fourth deployment attempt, the
~Treplenishes the LPTtoits matimum Qperatjng-~ressure. The HPTis designed for
two replenishment cycles before itself needing to be recharged. Recharging takes place
at the surface and is pefiorrned by the vessel. The maximum and mimimum oyerating
pressures of the HPT are 2,987 psiri and 2,175 psi% respectively (set by the Scope of
Work). The HPT is sized so that the _pressure after the second replenishment is sl~htly
above the minumum operating pressure.

The conditions for each rechtqging of the LPT are as shown in the following table

Stage ..State Variable Volumetric Flowrate
Preliminary

Pressure = 2,987 psia
Temperature = 60!F

After Replenishment 1 “
Pressure = 2,571 psia I?lowrate = 1,299 SCFS
Temperature = 260F (Sonic Flow)

ARer Replenishment 2
Pressure = 2,182 psia Flowrate = 1,156 SCFS
Temperature = -80F (Sonic Flow)

The valve which opens/closes instantaneously, was calculated to remain open for 15
seconds for the first replenishment and 18 seconds for the second.

The LPT is designed with a pressure relief valve and was sized for the worst case
possibility of the replenishment control valve being stuck open. In which case the relief
valve needs to vent the mass flowrate fkom the HPT to the LPT under choked flow. The
valve size was calculated to be 8 inch x 10 inch with a 10°/0overpressure.

For all systems, the control valves are electronically controlled fi-om the vessel and
pneumatically actuated. Instrument air- is sqp@ied by the HPT which is filtered and
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regulated to the operating }ressure for each control valve. The quantities of instrument
air employed throughout ~ fill dep@went/replenishment/descent cycle are assumed to
be negligil#e.

The air flowrates, the resulting air masses, pressures, and temperatures inside the HPT
and LPT were calculated assuming adiabatic ex~ansion. , The actual pressures and
temperatures of the HPT and LPT in between and after deployment attempts and
replenishments are higher due to the wqrming of the HPT and LPT by the ambient sea
water, Any heat transfer from the seawater to the HPT and LPT were neglected.
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Engineering Calculations

Moorinq SVstem
(LPT Replenishment\

Obiectivcx

The purpose is to size the High Pressure Tank (HPT), connecting piping, and control valve between the HPT
and the Low Pressure Tank (LPT) in order to replenish the depleted LPT, after four deployment attempts,
raising the mass and pressure inside the LPT to its maximum operating pressure. Determine the time required
to replenish the LPT.

Givens
~~ mass required to replenish LPT (from Filename: “Deployment-1”)
2) LPT temperature, pressure, and air mass prior to replenishment (from Filename “Deployment-1”)
3) HPT initial temperature and operating pressure range
4) Required time to execute one replenishment
5) Pipe length

~
1) Pipe and contol valve diameters and flow conditions; subsonic or sonic velocity
2) Air flowrate for each replenishment
3) Resulting temperature, pressure, and air mass inside HPT after each replenishment (compare to

minimum operating pressure for HPT)
4) Minimum required control valve@ (compare to actual manufacurer’s Cv)

Methodolocr~

The resulting pressure, temperature, and air mass inside the LPT after the fouth deployment attempt are known from
the previous calculation (Filename: “Deployment-1 “). The mass of each replenishment is equal to the sum of the
masses discharged from the LPT during the four deployment attempts. The air flowrate between the HPT and LPT
was determined based on:

1) The difference in pressure between the HPT and LPT
2) The pressure drop for an assumed pipe size, length, and number and type of fittings
3) An initial guess for the volume of the HPT
4) An assumed nominal pipe and valve diameter of 2 inches

The intial conditions of the LPT and HPT prior to the first replenishment, the final condition required for the LPT, and
the required mass transfer are given. The flowrate and time required for replenishment were calculated and
compared to the specified time for replenishment.

In order to accurately obtain the air flowrate and valve open duration for each replenishment, a correction factor, Y,
was determined graphically based on the parameters for each replenishment, and input individually for each attempt.
The air flowrate, the resulting air mass, pressure, and temperature inside the HPT were calculated, assuming
adiabatic expansion. The resulting conditions inside the HPT after the first replenishment were used as the initial
conditions inside the HPT for the second replenishment

Following the above calculations, the minimum required Cv for the control valve, installed in the line connecting the
two tanks, was calculated based on data obtained from Daniel Valve Co. This minimum required Cv was compared
to the actual Cv for the valve selected, from the Daniel product line, to determine the adequacy of the valve.

1
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Engineering Calculations

AssumtMions:

1) Air is an ideal gas
2) Process is assumed to be isentropic, reversible adiabatic, closed system
3) Due to a rapid open/close time of the control valve, 2 seconds, neglect flow while control valve is opening or

closing
4) Range of water temperature given as 10 to 20 degree C: assume 15 degrees C for calculations
6) Neglect temperature and pressure increase in HPT between replenishments due to HPT warming by the
sea water.

References:

1) Crane, Flow of Fluids, Technical Paper No. 410, 1982
2) Mechanical Enuineerin u Reference Manual for the PE exam, 10th edition, 1998
3) Perrv’s Chemical Enaineers’ Handbook 6th edition, 1984
4) Daniel Valve Co., fax dated 11/24/99, from Jim Wass

Conclusions:

(Refer to Summary on page 12 of this calculation) “

The piping connecting the HPT to the LPT is a 2 inch diameter schedule 40 pipe. The control valve is also 2 inch.
In both replenishments, the flow is sonic.

Each replenishment delivers the same mass of air to the LPT. The time necessary to replenish the LPT the first
time is 15 seconds and the second is 18 seconds. The second replenishment lasts longer due to the depletion of
air in the HPT by the first replenishment. The specified replenishment time is 20 minutes, or 1200 seconds. In
order to achieve the specified time, the pipe size would have to be approximately 3/8” in diameter or the
resistance in the 2 inch line would need to be significantly increased. Possible options maybe to insert an orifice
with a pinhole near the LPT or to substantially increase the length of the 2 inch piping by spiraling it around the
BBT,

The pressure and temperature drops inside the HPT as a result of the two replenishment, assuming adiabatic
expansion, are 805psi and 680F, respectively. Assuming adiabatic expansion is conservative. The actual
pressure and temperature are higher due to the warming of the HPT by the ambient seawater during the time
intervals between replenishments.

The HPT was sized so that at the completion of the two replenishments, the resulting pressure of the HPT would
approach its minimum operating pressure at which point it would need to be recharged. The HPT volume was
calculated to be 1200 cu-ft.

The minimum required valve Cv was calculated to be 97 which is well within the actual Cv of 120.

— .—— —..
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Engineering Calculations

I I

Letter Svmbols for Variables:

PiPinu Parameters

ID Inside diameter of pipe (in)

f Pipe friction factor (Crane, page A-26)

~~e Length of pipe (ft)

N Number of 900 elbowselbow

c“ Valve coefficient of friction (Daniel Valve Co.)

Kenlrance Resistance coefficient for pipe entrance losses (Crane, page A-29)

Kexit Resistance coefficient for pipe exit losses (Crane, page A-29)

Kpipe Resistance coefficient for pipe (Crane, page 2-8)

Kvalve Resistance coefficient control valve (Daniel Valve Co.)

Kelbow Resistance coefficient for elbow (Crane, page A-29)

Ktotel Sum of above coefficients

Nlf Number of friction factors

Process Parameters

vHPT HPT volume (cu-ft) (GUESS)

vLPT LPT volume (cu-ft)

AtaCIU~l, Duration of control valve in open position for first replenishment - actual (see)

At~CIUaj Duration of control valve in open position for second replenishment - actual (see)

At~P=ifie~ Duration of control valve in open position - specified (see)

TW Average water temperature and initial temperature of air in HPT (OF,R)

PHPT_rnh Minimum design pressure in HPT (psia)

Rair Individual gas constant for air (ft*lbf/lb*R) (Crane, page A-8)

k Specific heats’ ratio for air, taken at max.HPT operating pressure and temperature (200 atm and 600F)
(Crane, page A-8, Perry’s, page 3-144)

pHPT-la Density of air in HPT prior to first replenishment of LPT (lb/cu. ft)

pHPT2a Density of air in HPT prior to secondt replenishment of LPT (lb/cu. ft)

PSTP Density of air at STP (standard temperature and pressure) (lb/cu. ft) (Crane, page A-1 O)

K~ Ratio of densities (Ps@~pT_l~)

PLPT-4b-a Pressure in LPT after fourth deployment attempt (psia) (from Filename: “Deployment-1”)

PLPT-4b-g Pressure in LPT after fourth deployment attempt (psig)

T LPT.4b Temperature in LPT after fourth deployment attempt (psia) (from Filename: “Deployment-1”)

P. Density of sea water (gr/cu-cm)

Pa Atmospheric pressure (14.7 psi)

Pressure

PHPT-le_g HPT pressure prior to first replenishment (psig)

PHPT-lae HPT pressure prior to first replenishment (psia)

PLPT2a_g HPT pressure prior to second replenishment (psig)

PHPT-lb-a and ‘LPT2a_a HPT pressure prior to second replenishment (psia)
PHPTj?b-a HPT pressure after second replenishment (psia)

.—— —.— .. . ...— . ..Ym
..—-—, ---- --L-VT--—-- —------ -



Project No.: 864-01 Suction Mooring Technology
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Page 4 of 13
Buoyancy Control Pneumatic System Date: 01/1 1/2000

Engineering Calculations

Temperature

THPT-la HPT temperature prior to first replenishment (OR)

T~p~,~and T~pTQ~ HPT temperature prior to second replenishment (OR)

T-HPT-2b HPT temperature after second replenishment (OR)

W

‘LPT-la HPT mass prior to first replenishment (lb)

‘LPT-lb and ‘LPT_2a HPT mass prior to second replenishment (lb)

‘LPT_2b HPT mass after second replenishment (lb)

‘replenkhmant-l Mass of first replenishment (lb)

‘replenlshmentJ? Mass of second replenishment (lb)

Discharae Flowrates

% Replenishment 1 flowrate (Standard cu-ft per sec - SCFS)

qz Replenishment 2 flowrate (Standard cu-ft per sec - SCFS)

Air Densitv and Specific Volume Parameters

P1* Density of air in HPT prior to first replenishment (lb/cu. ft)

~lb and %a Density of air in HPT prior to second replenishment (lb/cu. ft)

P2b Density of air in HPT after second replenishment (lb/cu. ft)

“Ill Specific volume of air in HPT prior to first replenishment (cu. ftllb)

Vlb and v2a Specific volume of air in HPT prior to second replenishment (cu. ft/lb)

‘2b Specific volume of air in HPT after second replenishment (cu. ft/lb)

Granhical Flowrate Correction Factor

Y, Correction factor for replenishment 1

Y2 Correction factor for replenishment 2

I

,“,
:,

.“

,, I
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Engineering Calculations

Cv Calculation Parameters

x,

%

Q
APm,n

x

Y

c Vrequlred_mln

c Vacfuel

kggr~1,—
1000

Critical pressure drop ratio - given - (per Daniel Valve Co.)

Maximun discharge flowrate (standard cu-ft per second - SCFS) (corresponding to
replenishment 1 flowrate)

Maximun discharge flowrate (standard cu-ft per hour- SCFH)

Minimum AP across control valve between HPT and LPT

Actual pressure drop ratio (per Daniel Valve Co.)

Expansion factor (per Daniel Valve Co.)

Minimum required &for control valve

Design Cv for control valve (per Daniel Valve Co.)

.’.

.————__________ .. _____ —.., ~.m. . ., ..z-.y,..m=. ——= .= ~.. -—..Tq .—=. - -. -q
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Engineering Calculations

INPUTS

ID :=2.067 in

f:=o.o19

L pipe :=50,ft

N ~]bow:=2

N ~f:=14

c“ :=120

K entrance := 0.5

K exit ‘=1-0

v LPT :=4945.f?

‘t specified’= 1200”s

TW :=60.R ‘

p I-IPT_l~_a :=2987”psi

p HPT_~n :=2175.psi

R air :=53.3S~

k:=l.8

m replenishment_l:=1490.lb

p LPT_4b_a:=99.4”psi

T LpT_4b :=443 R

P sTp :=0,0763L
ft3

pw:=l.03.E

cm3

Pa:= 14.7psi

vHPT :=1200.ft3 Guess

,;

,.

>.
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Buoyancy Control Pneumatic System Date: 01/11/2000

Engineering Calculations

ONE-TIME CALCULATIONS

Initiai Tem~erature:

T HPT_la :=TW+4600R TWT la= 5200R

initiai messure in HPT urior to first replenishment of LPfi

p HPT_la_a = 2987~si

p HPT_la~ “p HPT_la_a - p a p HPT_lag = 2972Wi

HPT pressure (psia)

HPT pressure (psig)

Calcuiatinq air densitv in HPT prior to first replenishment of LP’17

p HPT_la_a
~~T_la ‘= ~~T la= 15.5190~ (ME reference manual, page 24-14)

R air”T HPT_la ft3

Conversion between Standard Cubic Feet {SCF) and Actuai Cubic Feet (ACF~

P sTp :=0.0763~
ft3

P SW
Kd:= K ~ = 0.0049

~ ~T_la

Caicuiatinq totai Resistance Coefficient (Ktotai) for pipe, fittinqs, vaive, etc.:

Kelbow ‘= Ne]bow”N H-f K elbow= 0.532 K entrance := 0.5

()L pipe
‘pipe “f” ~ K pipe = 5.515 K exit ‘=1”0

p)]
-22

ZID
-. —

K valve:= 1443.
4 in

K “aIve = 1.128 (Daniel Vaive Co., fax 11/24/99)
, c“ (Equation is valid for SONiC and SUBSONiC fiow)

Ktotal:=Kentrance y K exit+ K elbow + K pipe+ K valve K tohl = 8.676

—. —.—.. — —.—. -.-— --—-——.—-.—-.—.——

;,
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Filename: LpT Replenishment.mcd Buoyancy Control Pneumatic System Date: 01/1 1/2000
Engineering Calculations

1

Calculations for Replenishment 1

pHPT_la_a = 2987qxi

T ~T_~a = 5200R

m replenishment_l = 149001b

Calculating Correction Factor Y1 usincr DeltaPl:

p LPT_4b_g ‘=P LPT_4b_a- p a p LPT_4b_g = 84.7 ~si

~ 1 :=P HpT_la_g - p LPT_4b_g AP~ = 2888qxi

API
R ~alculated_l ‘=p ~T ~a_a R calculated_l = 0.97

REFER TO CRANE ~acre A-22

Based on: KtoU1 = 8.7

If RC~lCUl,t,~_l> RgnPmCdflti,then flow is SONIC; use R~~Pti~~= to determine Y, & new API

If RC,,CU1.,,~_l< R~HPtiC~m~,then flow is SUBSONG use Rc~c,l,t.d_lto determine YI

SONIC

R calculated_l = 0.97

R graphical_max’= 0“775

INPUT

Y~ :=0.6875

R graphical_max’= 0“775

NewAP ~ :=R graphical_max “pHPT_la_a NewAP

Calculating First Replenishment Flowrate in (SCFS):

()
2

ql:=ll.3.Y~. :

()T HPT_la
K total” R

s)

.5

ft3.—
s

= 2315qni

(Crane, page 3-4 and 4-14)

based on ID= 2.067tin
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Filename: LPT Replenishment.mcd Buoyancy Control Pneumatic System Date: 01/11/2000

Engineering Calculations

Calculating time necessary to replenish LPT first time: JRepfenishment 1 con’d)

m replenishment_l
‘t actual_l ‘=

q 1‘Kd“p HPT_la

‘t actual_l = 15 s Act,ual

‘t specified= 1200 s Specified

At ID = 2.0674n

Calculating mass of air in HPT prior to first replenishment of LPT (based on quess of HPT volume):

mHpT_la :=P ~T_la”v HpT

m HPT_la = 18623“lb

m ~T_lb’= m ~T_la - m replenishment_l mHPT_lb = 17133db

Calculating sDecific volume of air in HPT before and after first replenishment of LPF

P la :=P ~T_la p la= 15.519”A
ft3

‘HPT_lb
P lb := P lb = 14.277.X

v HPT f?

vla = 0.064”:

1v lb :=— v lb = 0.07.~
P lb lb

Calcuiatinq temperature and Pressure of air in HPT after first replenishment of LP~

()
k- I

v la
T HPT_lb ‘=THPT_la” — T HPT lb= 486”R ~ (ME reference manual, page 25-8)

v lb

()vla
k

p HPT_lb_a “p HPT_la_a” — p HPT_lb_a = 2571Tsi (ME reference manual, page 25-8)

v lb

p HpT_min= 2175’lXi

i

i

,,.
.’

-,

-..
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Engineering Calculations

Calculations for Replenishment 2

p~T_za_a“pHPT_lb_a p HPT_2a_a-- 2571qxi

T HPT_2a“T HPT_lb T ~T_2a = 486oR

m HPT_2a’=m HPT_lb m HPT_2a= 171334b

m replenishment_2‘=m replenishment_l m replenishment_2= 149001b

P~T_2a :=P lb P~T_2a = 14.28°~

Calculating Correction Factor Y2 usinq DeltaP2:

p HPT_2a& “p HPT_2a_a - p a p HPT_2a~ = 2556qxi

~ 2 “p ~T_2a_g - p LPT_4b_g AP2 = 2471~si

AP2
R ~alculated_2‘=p ~T Za a R calculated_2 = 0“96

--

REFER TO CRANE ~aae A-22

Based on: K total= 8,7

If RC~lCUf,,,~<> R~nPtiCdm=,then flow is SONIC use RQ~PmCamzto determine Y2 & new AP2

If RCdCUl~t~~Q< R~~PNCdmm,then flow is SUBSONIC; use RCdCul~~,~zto determine Yz

R calcu1ated_2 = 0.96

R graphical_max’= 0-775

INPUT

Y2 :=0.6875

R graphical_max’= 0-775

NewAP z :=R graphical_max”pHPT_2a_a NewAPz = 1992qxi

Calculating Second Replenishment Flowrate in (SCFS): (Crane, page 3-4 and 4-14)

,.
.,

.,

,-,

,..

-,

~.,..,
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Engineering Calculations

Calculathw time neccessarv to replenish LPT second time

m repIenishment_2
‘t actua1_2’=

q 2-K d “pHPT_2a

fReplenishment 2 con’d)

‘t actua1_2= 18s Actual

‘t specified = 1200s Specified

At ID = 2.0670in

Calculating mass of air in HPT prior to second replenishment of LPT (based on cmess of HPT volume~

m HPT_2a = 171334b

m HPT_2b‘=mHPT_2a- m replenishment_2 m ~ 2b = 15643“lb

Calculating specific volume of air in HPT before and after second replenishment of LPT:

p Za = 14.277~
f?

m HPT_2b
P2b ;=

v HPT
p 2b = 13.036”~

ft3

1v ~a :=—
P2a

v2a = ().070!
lb

1v2b :=— .0077$
v2b .

P2b “ lb

Calculating temperature and pressure of air in HPT after second replenishment of LP~

()
k-1

v2a
T HPT_2b “T HPT_2a” —

v 2b
T ~T 2b = 452 OR (ME reference manual, page 25-8)

p HPT_2b_a ()
k

v 2a
:=P ~T_2a_a. — p IIPT_2b_a= 2182~si (ME reference manual, page 25-8)

v 2b

p ~T_min :=2175”psi

,.

,,.:

.:
:,

,,

,) ~

,-
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Page 12 of 13
Buoyancy Control Pneumatic System Date 01/11/2000

Engineering Calculations

[ I

Summary

HPT Resultant Temperature

T ~T_~a = 520”R

T ~T Za = 486”R

T ~T Zb = 452oR

Replenishment Mass

m replenishment_l = 149001b

m replenishment_2 = 149001b

HPT Resultant Pressure

p IIPT_la_a = 2987Tsi

p HPT_2a_a = 2571 ~si

p ~T_2b_a = 2182~si

p ~T_min :=2175”psi

,

:,

:’
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Engineering Calculations

Reference:

!DL?!@

Cv Requirement (Replenishment)

(Refer to Daniel Valve Co. fax of 11/24/99)

ID= 2.067tin

T ~T la= 520”R

Xt :=0.38

ql= 12990&
s

p HPT_2a_a = 2571qxi

p LPT_4b_a = 99.4Wi

K total= 8.7

Kvalve = 1.1

Calculation:

( )p HPT 2a a-p LPT_4b_a ‘Kvalve
AP:=--rnin

K total

APO
x:= ‘n x= 0.13

p HPT_2a_a

Y:’l-s Y = 0.89
3.xt

Cv 1~1 ,
required_min’=

()

p HPT_2a_a -y
1360”

psi

( )]T HPT_la
0.5

R

x

/wtin = 321.4~si

Cvrequired_min=97

Cv=dud= 120

.. —. . . . .. ... . . ..-- —--..—.-= —.. T.- . . . .. T-.Z — m----,—--—.. . .. . - -.—. –. ,, . - -r .,.. T-
~,. . .. —.. —. :
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Fiiename: Rapid Descent.mcd Buoyancy Control Pneumatic System Date: 01/1 1/2000

Engineering Calculations

Mooring Svstem
(Rapid Descent}

WEQ!Y!%
To size the connecting piping and control valve between the Low Pressure Tank (LPT) and the Bottomless
Buoyancy Tank (BBT) for the rapid descent system.

Given:
1) LPT temperature, pressure, and air mass prior to rapid descent (assuming LPT conditions after fourth

deployment attempt) (from Fiiename: “Deployment-1 ‘!)
2) Pressure inside BBT prior to rapid descent (assuming surface conditions of one atmosphere)
3) Specified fiow rate for design to achieve.
4) Control vaive stroke time of 20 seconds
5) Pipe iength

~
1) Pipe and contoi vaive diameters and flow conditions; subsonic or sonic velocity
2) Air flowrate and mass discharged for rapid descent (compare to specified flowrate)
3) Resuiting temperature, pressure, and mass inside LPT after rapid descent (compare to minimum

operating pressure for LPT)
4) Minimum required controi vaive Q (compare to actuai manufacurer’s Cv)

Methodology:

The resuiting pressure, temperature, and air mass inside the LPT after the fouth deployment attempt are known from
the previous calculation (Fiiename: “Deployment-1 “). The air flowrate between the LPT and BBT was determined
based on:

1) The difference in pressure between the LPT and BBT
2) The pressure drop for an assumed pipe size, iength, and number and type of fittings
3) An assumed nominai pipe diameter of 2 1/2 inches and valve diameter of 3 inch

The intiai conditions of the LPT and BBT prior to rapid descent are known. The fiowrate and time required for rapid
descent were calculated and compared to the specified fiowrate and time. The finai conditions of the LPT were
caicuiated, The resuiting finai LPT pressure was compared to the minimum working pressure for the LPT.

in order to accurately obtain the air flowrate, a correction factor, Y, was determined graphically based on the
parameters for the rapid descent. The air fiowrate, the resulting air mass, pressure, and temperature inside the LPT
were caicuiated, assuming adiabatic expansion.

Foiiowing the above caicuiations, the minimum required Cv for the control valve, instailed in the iine connecting the
two tanks, was calculated based on data obtained from Daniel Vaive Co. This minimum required Cv was compared
to the actuai Cv for the vaive chosen, from the Daniel product line, to determine the adequacy of the valve chosen.

. .. --- .-. . - . . .----- .. r--. -—.— - HY-?,.-ew....z.. -.—.-. , . ., .- —-m. . . . . . . . . . . . . . .. —__ —---. —. —.. .— --
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Engineering Calculations

Assumptions:

1) Air is an ideal gas
2) Process is assumed to be isentropic, reversible adiabatic, closed system
3) Due to a rapid open/close time of the control valve, 2 seconds, neglect flow while control valve is opening or

closing
4) Range of water temperature given as 10 to 20 degree C: assume 15 degrees C for calculations
5) Neglect pressure difference between top and bottom of buoyancy tank.
6) Neglect temperature and pressure increase in LPT after rapid descent due to LPT warming by the sea water.

References:

1) Crane, Flow of Fluids, Technical Paper No. 410, 1982
2) Mechanical Ermineerirm Reference Manual for the PE exam, 10th edition, 1998
3) Perrv’s Chemical Ermineers’ Handbook 6th edition, 1984
4) Daniel Valve Co., fax dated 11/24/99, from Jim Wass

Conclusions:

(Refer to Summary on page 9 of this calculation)

The piping connecting the LPT to the BBT is a 2 1/2 inch diameter schedule 40 pipe. The control valve is a 3 inch
valve, The increase in valve size was necessary to accommodate the minimum required valve Cv. The flow is sonic.

The rapid descent discharge flowrate is 72.12 SCFS and deviates approximately 2.1 Y. from the specified flowrate of
70,64 SCFS, The air mass discharged from the LPT was calculated to be 110 lb.

The pressure and temperature drops inside the LPT as a result of the rapid deployment, assuming adiabatic
expansion, are 5.1 psi and 70F, respectively. Assuming adiabatic expansion is conservative. The actual pressure and
temperature are higher due to the warming of the LPT by the ambient sea water. The lowest calculated pressure of
94,3 psia inside the LPT exceeds the minimum operating pressure of 80.5 psia.

The minimum required valve Cv was calculated to be 161 which is well within the actual Cv of 330.

: ..
r

):

,-,
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Engineering Calculations

Letter Svmbols for Variables:

Pi~ina Parameters

IDP,P Inside diameter of pipe (in)

lDv~lv~ Inside diameter of control valve (in)

f Pipe friction factor (Crane, page A-26)

Lpi,. Length of pipe (ft)

N Number of 900 elbows
elbow

c“ Valve coefficient of friction (Daniel Valve Co.)

Kentrance Resistance coefficient for pipe entrance losses (Crane, page A-29)

Ketit Resistance coefficient for pipe exit losses (Crane, page A-29)

Kpipe Resistance coefficient for pipe (Crane, page 2-8)

Kvalve Resistance coefficient control valve (Daniel Valve Co.)

Kelbow Resistance coefficient for elbow (Crane, page A-29)

Ktofaf Sum of above coefficients

N,, Number of friction factors

Process Parameters

vLPT LPT volume (cu-ft)

At,P=ifie~ Duration of control valve in open position - specified (see)

Rair Individual specific gas constant for air (ft*lbf/lb*R) (Crane, page A-8)

k Specific heats’ ratio for air, taken at 1 atm and 60”F (Crane, page A-8, Perry’s, page 3-144)

%PT.1
Density of air in LPT after fourth deployment attempt (lb/cu. ft) (From Calc: Deployment-1 )

PSTP
Density of air at STP (standard temperature and pressure) (lb/cu. ft) (Crane, page A-1 O)

K~ Ratio of densities (p5TP/PLm_l)

PLPT_l-a Pressure in LPT after fourth deployment attempt (psia) (from Calc: Deployment-1)

TLPT_l Temperature in LPT after fourth deployment attempt (psia) (from Calc: Deployment-1)

Pa Atmospheric pressure (14.7 psi)

Pressure

PBBTJI Pressure inside BBT prior to rapid descent (psig)

PBBT-a Pressure inside BBT prior to rapid descent (psia)

PLPT-lJJ LPT pressure prior to rapid descent (psig)

PLPT-1-a LPT pressure prior to rapid descent (psia)

PLPTJ2-a LPT pressure after rapid descent (psia)

Tem~erature

TLPT-1 LPT temperature prior to rapid descent (OR)

T
LPT_Z

LPT temperature after rapid descent (OR)

:“
f’
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Engineering Calculations

I I

W

‘LPT.1 LPT mass prior to rapid descent (lb)

‘LPTd LPT mass after rapid descent (lb)

‘discharge Mass of discharged air from LPT during rapid descent (lb)

Vd=harge~Tp Volume of discharged air from LPT during rapid descent (Standard cu-ft - SCF)

Discharae Flowrates

qact.al Actual rapid descent flowrate (Standard cu-ft per sec - SCFS)

%pecified Specified rapid descent flowrate (Standard cu-ft per sec - SCFS)

Air Densitv and S~ecific Volume Parameters

P, Density of air in LPT prior to rapid descent (lb/cu. ft)

Pp Density of air in LPT after rapid descent (lb/cu. ft)

“1 Specific volume of air in LPT prior to rapid descent (cu. fVlb)

“2 Specific volume of air in LPT after rapid descentt (cu. ftlb)

Gra~hical Flowrate Correction Factor

Y Correction factor for rapid descent

Cv Calculation Parameters

x, Critical pressure drop ratio - given - (per Daniel Valve Co.)

TLPT_rnax Maximum temperature inside LPT (“R), ambient water temperature of 60 OF

qaclual Rapid descent discharge flowrate (standard cu-ft per second - SCFS)

Q Rapid descent discharge flowrate (standard cu-ft per hour- SCFH)

APtin Minimum AP across control valve between LPT and BBT

x Actual pressure drop ratio (per Daniel Valve Co.)

Y Expansion factor (per Daniel Valve Co.)

c Vrequlred~ln Minimum required ~ for control valve

c Vactuel Design Cv for control valve (per Daniel Valve Co.)

‘,
,
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Engineering Calculations

INPUTS

D pipe :=2.469 in

ID valve:= 3.068 in

f;= O.018

L pipe :=so.ft

N elbow:=2

Nfi:=14

c“ :=330

K entrance :=0.5

K exit’= 100

v LPT :=4945.ft3

Atspecified’= 20”s

TLPT_mm:’520,R

p BBT_a:=14.7-psi

f?
q Specified’= 70”64”~

R au :=53.3.=

k:= 1.4

PLPT ~ a :=99.4,psi--

T LPT_~ :=443 R

p LpT_l ‘=0.607”;

PsTp :=0.0763~
f?

Pa:= 14,7-psi

,’
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Engineering Calculations

ONE-TIME CALCULATIONS

Initial Temperature:

TLPT 1=4430R

Initial m’essure in LPT after fourth deployment attem~t and before rapid descent:

:=pLp~ ~ ~-Pap LPT_l_g --

LPT pressure (psia)

LPT pressure (psig)

Conversion between Standard Cubic Feet ECF) and Actual Cubic Feet (ACF~

P sTp :=0.0763~
ft3

P S’rp
K ~ :=—

p LPTJ
Kd = 0.1257

Calculatirw total Resistance Coefficient (Ktotal) for pipe. fittinqs, valve, etc.:

K entrance :=0.5

K exit ‘= l-o

K elbow ‘=N elbowoNff.f

()L pipe
‘pipe “f” ~

pipe

K elbow= 0.504

K pipe= 4.374

[( )]z mvalve
.22

—.
4“’

K valve ‘= 14430 ~’n Kvalve= 0.724 (Daniel Valve Co., fax 11/24/99)

v (Equation is valid for SONIC and SUBSONIC flow)

Ktotal ‘=K entrance + K exit+ K elbow * K pipe+ K valve KtoM = 7.102

,..

$,,.

,,

.,
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Project No.: 864-01 Suction Mooring Technology
Filename: Rapid Descent.mcd

Page 7 of 10
Buoyancy Control Pneumatic System Date: 01/11/2000

Engineering Calculations

Calculations for Rapid Descent

PLPT 1 ~ G99.4qxi--

TLPT ~=443oR

Calculating Correction Factor Y1 usinq DeltaPl:

p BBT_.g:=PBBT_a - Pa

W :=P LpT_l_g - p BBT&

AP
R calculated ‘=~ LPT ~ a

——

AP= 84.7qxi

R calculated = 0.85

REFER TO CRANE paae A-22

Based on: K total= 7.1

if RCdCUl,t,~> R~nP~iCa~u, then fiow is SONIC; use R~nPti.d_~uto determine Y & new AP

if RCdC,l,t,~< R~nP~Cd_~=,then fiow is SUBSONIC; use RCdCUl,t,~to determine Y

R calculated= 0-85

R graphicaI_max’= 0-755
1

INPUT

Y :=0.680

R graphical_max ‘=0-755

APnew ‘=R graphical_max”p LPT_l_a APnew = 75~si

Calculating First Re@enishment Flowrate in C3CFS~

1.5

f?.—
s

(Crane, page 3-4 and 4-14)

based on m pipe = 2.4694n

,“

,,.

,,

,,
.’,

,,
:.,

,,

.:

;,.
.,

/
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‘
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Project No.: 864-01 Suction Mooring Technology Page 8 of 10
Filename: Rapid Descent.mcd Buoyancy Control Pneumatic System Date: 01/11/2000

Engineering Calculations

q ac~al = 72.12.f Actual (SCFS)
s

q specified:=70,64c~ Specified
s

Calculating mass of discharged air for rapid descent:

v discharge_STP ‘=q actual”Atspecified v discharge_STP = 1442%?

P Sp :=0,0763 .~
f?

m discharge‘=PSW“v discharge_STP m discharge = l104b

Calculating mass of air in LPT after rapid descent after fourth dedovment attempt .

mLpT_l’= pLpT_l “vLpT m LPT_l = 3002db

m LpT_2’= m LPT_l – m discharge m LpT_2 = 2892db

Calculating specific volume of air in LPT before and after rapid descent attempt:

p 1 ‘=P LpT_]

m LPT_2
P2:= p z = 0.5850E

v LPT f?

1V1 :=—
P1

3
v ~ . 1. fj470E

lb

1 3
V2 :=— V2 . 1.71OL

P2 lb

Calculating temperature and !xessure of air in LPT after ra~id descent (after 4th deployment attempt

()
k-1

V1

T LPT_2 “T LPT_l” ~ TLPT z = 436oR (ME reference manual, page 25-8)

()

k
V1

‘LPT 2 a:=p LPT 1 a“ ~ p LPT_2_a = 94.3 qxi (ME reference manual, page 25-8)
-— ——

——...-——— —.————— -— ...
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Project No.: 864-01 Suction Mooring Technology
Filename: Rapid Descent.mcd Buoyancy Control Pneumatic System

Engineering Calculations

Page 9 of 10
Date: 01/11/2000

1 J

Summarv

LPT Resultant Temperature

TLPT ~=4430R

TLPT ~ H436oR

Replenishment Mass

m discharge = l104b

LPT Resultant Pressure

p LpT.~ ~=gg.q~si-—

PLpT ~ ~=%swsi--

Replenishment Flowrate

3

q actual= 72.12$ Actual

ft3
q specified ‘=70”64”~ Specified

1
,,

.

,..
.,
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Project No.: 864-01 Suction Mooring Technology PagelOof10
Filename: Rapid Descent.mcd Buoyancy Control Pneumatic System Date: 01/11/2000

Engineering Calculations

Cv Requirement (Rapid Descent]

Reference: (Refer to Daniel Valve Co. fax of 11/24/99)

!!Qw mvalve = 3.068$n

T ~PT_mW = 5200R

Xt :=0.38

3

q a~t~al = 72.120$

p BBT_a = 14.7qxi

K total = 7.102

K valve= 0.724

Calculation:

( )p LPT l_a - p BBT_a “Kvalve
AP := -min K total

AP
x ,- min,- x = 0.09

‘LPT 1 a--

Y:=l--Z Y = 0.924
3.xt

Cv required_min
~1[()]
qac~al

0.5
ft3 T LPT_max

,- G R,-
‘LPT 1 a

\
x

1360. – – “Y

AP tin = 8.636~si

Cv required_min = 161

Cvad”d = 330

,.
-. .-————— ——— ——-. — . .——..—-— —.—-—————— ---- .. .. ——.—- ——-. -..——.



Project No.: 864-01 Suction Mooring Technology
Filename: Relief Sizing.mcd

Page 1 of 6
Buoyancy Control Pneumatic System Date: 01/1 1/2000

Engineering Calculations

Moorinq Swtem
fLPT Relief Valve Sizing]

Obiective

To size the pressure relief valve located on the Low Pressure Tank (LPT) and to select a model(s).

Given:
1) LPT maximum design pressure
2) Relief valve overpressure percentage
3) Water depth and temperature
4) Maximum air mass flowrate into LPT (per Filename: LPT Replenishment)
5) Maximum air volume flowrate into LPT (per Filename: LPT Replenishment)

~
1) Relief valve inlet pressure and back pressure
2) Minimum required relief valve inlet diameter based on mass flowrate and volume flowrate
3) Model number(s) of relief valves satisfying the minimum requirements

Methodology

The size of the LPT relief valve was determined using the sizing calculation from Crosby Valves, Catalog No.318. It
was assumed that the greatest overpressurization of the LPT would occur if the control valve between the LPT and
the High Pressure Tank (HPT) was accidentally stuck open and the HPT was fully charged. The LPT’s and HPTs
maximum operating pressures are 175 psia and 2987 psia, respectively. This would result in a tremendous air
flowrate from the HPT into the LPT, considerably increasing LPT pressure. Refering to calculation with filename:
LPT Replenishment, the maximum air flowrate into the LPT is known. Also known are the LPT interior and exterior
ambient conditions. From these conditions, the relief valve inlet and back pressures were calculated. Substituting
into Crosby’s sizing calculation yielded the minimum valve inlet area from which the minimum diameter was
determined. The sizing calculation was performed by two methods as a check. One method was based on the mass
flowrate and the other was based on the volume flowrate.

Assumptions:

1) Air is an ideal gas
2) Range of water temperature given as 10 to 20 degree C: assume 15 degrees C for calculations
3) Temperature of air entering the relief valve is the same temperature as the ambient water temperature

References:

1) Crosbv Valve& Gaae Company, “Crosby JPV Series Pilot Operated Pressure Relief Valves Styles JPV
and JPVM,” Catalog No, 318, December 1986.

2) Mechanical Ermineerina Reference Manual for the PE exam, 10th edition, 1998 (Section 24-19)
3) Suction Mooring Technology, Engineering Calculation, (Filename LPT Replenishment)

-- .. .-—-= -=,.. --..-.-.>— .-—r . . . .. .. ..- -- - --- --- . . . —-, -,-=...V— -...—. -... .— _-... . .- —----- ..- —. .-—.
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Project No.: 864-01 Suction Mooring Technology
Filename: Relief Sizing.mcd

Page 2 of 6
Buoyancy Control Pneumatic System Date: 01/11/2000

Engineering Calculations

J I

Conclusions:

The relief valve inlet pressure was calculated to be the sum of the set pressure plus the overpressure plus
atmospheric pressure and equaled 222.6 psia. Based on the static head of the water, the back pressure was
calculated to be 66.0 psia. The minimum valve inlet area was calculated using two approaches, the second to
check the first. One required the air mass flowrate and yielded an effective area of 19.627 sq. in and the other
required the volume flowrate yielding an effective area of 19.595 sq. in. The minimum diameter was determined
using the greater of the two areas. The minimum required diameter is 4.999 inches.

In addition to the water temperature, this calculation was also run for temperatures -200F and 1000F to
determine the effect of temperature in the sizing process. The results yielded a minimum diameter of 4.794
inches and 5.092 inches, respectively. With a difference of approximately 6Y0, temperature is not very
significant in sizing the relief valve.

The JPV 8TI OStyle 15 or the JPVM 8T1 O Style 15, both having ANSI 616.5 Class 150 inlet and outlet flanges,
are adequate.

Attachments:

1) Crosbv Valve& Gaqe Com~an u “Crosby JPV Series Pilot Operated Pressure Relief Valves Styles JPV
and JPVM,” Catalog No. 318, December 1986. (pages 18,20, 22, 32)

1,
f
1

2
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Project No.: 864-01 Suction Mooring Technology Page 3 of 6
Filename: Relief Sizing.mcd Buoyancy Control Pneumatic System Date: 01/11/2000

Engineering Calculations

I t

Letter Svmbols for Variables:

hlJl@

CXK Variable factor multiplied by the coefficient of discharge (page 32)

M Molecular weight of air

‘deslgn_max LPT maximum design pressure (psig)

( palm_a Atmospheric pressure (14.7 psia)

Overpressure% Relief valve overpress$re percentage (%)

‘slallc Depth of water (m)

T Absolute temperature of air at relief valve inlet (OR)

w Required relieving capacity in (lbm/hr) (per Filename: LPT Replenishment)
SCFM Required relieving capacity in (standard cu. ftlmin) (per Filename: LPT Replenishment)

z Compressibility factor (see: Mechanical Engineering Reference Manual)

Pwater Density of sea water (lbm/cu. ft)

Calculation:

pback_pressure_a Back pressure (psia)

pset_g Relief valve set pressure (psig) (Pde~ign_~ex+H@oskdkl-lead)
Pover_g Relief valve overpressure.(psig)

plnlet_a Relieving pressure (set pressure + overpressure + atmospheric pressure) (psia)

Back_Pressure% Back pressure percentage (%)

Kb Capacity correction factor due to back pressure for use when superimposed (constant)
back pressure exceeds critical pressure (page 32)

Amass_rate Minimum required effective valve discharge area (sq. in) - using W

AscFM Minimum required effective valve discharge area (sq. in) - using SCFM

lDmin Minimum diameter of relief valve discharge (in)



Project No.: 864-01 Suction Mooring Technology

Filename: Relief Sizing.mcd

Page 4 of 6

Buoyancy Control Pneumatic System Date: 01/11/2000
Engineering Calculations

SCFM :=77940”s
min

z:= 0.99

Pwater :=1.03.s

cm3

kg
gr=l,—

1000

CXK:=345

M :=28.97

p design_max:=137.75-psi

P am a:= 14.7.psi

Overpressure ~:= 104%

H static :=35.m

T :=520.R

W :=357600~
hr

INPUTS

t

,,.

,

:

,.

.,

,.

:,

L’,

.

}



p back_pressure_a := Pwater.g.H smtic + p am_a

Set Pressure

P set_g ‘=P design_max + p water”g”Hstatic

OverPressure:

P over_g’= P setx.Overpressure %

Inlet Pressure:

P inlet_a :=P set_g + p over_g + p atrn_a

Ca~acitv Correction Factor, (Kb]

Back_Pressure ~0:=

rba:i::-a)

At Back_Pressure ~0= 29.60% Kb :=1.00

p back_presswe_a = 65.975 qxi

P setg = 189.03qxi

P over_g= 18.9~si

p inlet_a -- 222.6Tsi

Back_Pressure % = 29.6°%

(page 32)

Calculating minimum valve inlet area based on MASS flowrate in lb/he

[()][()1w 0.5
x z

~“R

A
L

mass_rate: =
.in2

()

p inlet_a
A mass_rate = 19.627qn2

.( CxK).Kb.(hf)0”5
psi

-— ———-— —— .——. . .—-— .-. ————.———
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Project No.: 864-01 Suction Mooring Technology Page 6 of 6
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Engineering Calculations

Calculatirm minimum valve inlet area based on VOLUME flowrate in SCFM:

[[_)][()1SCFM T ~ 0“5—. —.
f? R

ASC~ :=
tin

()

.in2
p inlet_a

1.175, .(CxK).Kb
psi

A Scw = 19.595 tin2

.

Calculating minimum valve inlet diameter:

( ).A 0.5

ID
mass_rate

:=
tin .2

‘J1
ID tin = 4.9996n

Selectinq a relief valve (Refer to pages 18 and 22 of the Crosby Valve Catalog)

Refering to page 22 of the attachments, for an effective area of 19.627 sq. in, an air flowrate of 77,940
SCFM, and a set pressure of 189 psig, only the orifice with the letter designation of “T”, having an effective
area of 26 sq. in., is applicable. One size lower, orifice “R” has an effective area of 16 sq. in which is
inadequate. Refering to page 18, the only valve size to accommodate the “T” orifice is 8x1 O. With a
pressure/temperature limit of 285 psig at 1000F, and the actual pressure of 189 psig, the 150 lb flange class
is adequate for both the inlet and outlet flanges,

The JPVM 8T1 OStyle 15, having ANSI B16.5 Class 150 inlet and outlet flanges, is adequate. Style JPVM
is a non-flowing modulating pilot operated pressure relief valve. The JPV style valve is a snap-acting pilot
operated pressure relief valve which is inadequate for this application.

f,
,.,

,,.

..-
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Specifications, Dimensions and Weights
Styles JPV ad JPVM : ...>

....*...:-

::
Flanges and Flange Facings
Dimensions of flanges conform to current ANSI Stan-
dards, On valve inlets, however, thicknesses are
greater than the minimum required by ANSI Standards.
Dimension x shown below should be used to determine
bolt length. Table dimensions are in inches.

JPvM

IPV
Center-to-Face dimensions are subject to tolerances
of plus/minus 1/16 for valves through 4“ inlet size and
plus/minus 1/8 for valves with an inlet size larger than
4“.

--.. .DM.4x. - - -B. -

285 185 41/8,1
740 615
1480 1235 41/i’

41/2,$ 141[2,,

15 150
JPV 35 300 150
JPVM 45 600

55 900
D,E,F 2220 1845

JPV 65 1500 300 3705 3080 4’%6” 4314” 14”

75 2500 6000 5135
<c , Cn 285 185

50 740 615 4718” 4314*, 1 5%”

D,E,F 1480 1235
2220 1845
3705 3080 5718” 51/2,, 15”

6000 5135

+44--4221/2,, 53.,,

53.“

1x2 D,E,F

231/.,,4%33’ 53.,,

t

11\2x2 D,E,F

11/zX3 G,H

I53 .“wJPV 65 1500 300

1 I 1

‘lC I .Cnl 285 185
50 740 615 5%” 47/8,, 15”

G,H 1480 1235

mm 1 RAG

I .lU

JPV ;; 300 1!
JPVM 45 600

55 900
JPV 65 1500

65 1500 300
75 2500

23”

‘-..” ! “-”

G
H

~. ~. 63/8” 63/481

G,H 6000 5135

15 150 285 185
JPV 35 300 150 740 615 53/8” 47/8,, ,511 Z.y 6“ 17J,6** 70 82

JPVM 45 600
G,H,J

1480 1235
55 900 2220 1845 11%6”

JPV 65 1500 300 3705 3080 6%6”
130

63/411 l&’ 6

75 2500 6000 5135 27/16” 140

15 150 285 ‘ 85 &/8ff
JPV 35 300 150 740 615 G3J8**

1 @/4tt z43j4°
y

1 %,,

120 132
JPVM 45 600 J,K,L 1480 1235 6318° 17” 25” 111/,6”

JPV 55 900 300 2220 ‘ 845 73f4** &14t* 20”
115/1# 195

65 1500 3705 3080 7“
25/16” 210

15 150 285 185 17/,6,. 215 227
JPV 35 300 150 740 615 7314” 81/4n 1 9314* 273141$ B, {Z”

g

JPV
55 I 900 “’”’”’’”

300 2220 I ‘ 845 91346W 97,6,, ZS314*1 8812,*
21/4” 330

65 I 1500 3705 I 3080 z5J8tv
I 350

2x3 G,H,J

3X4 J,K,L

WM 145 I 600 I I &At.tD I 1480 I 12351 I I I 2“ 230 I 2424x6 L,M,N,P

F6x8 (2,R

8x1O T

15 150 285 185 cy/16,# 23” 31” 15/#* 345 357
JPV 35 300 150 Q,R 740 615 9112,, 10 355 367
JPVM 45 600 1480 1235 91%“ 24” 32” Z3J8* 415 427

15 150 285 185
61s 10718” ,1” 271jy 35112. 625. 637

JPV 35 300 150 T 740 11,J2**
113/16,,

640 652
JPVM 45 600 1480 1235 1111/16” 29 37” 211/1# 735 747

TWhenspecifyingvalve size, the orifice letter must be included. For example a 1“ x Y valve is expressed as 1D2, 1E2, or 1F2.
●The pressure limitation on this size is less than the inlet flange rating. See pressureltemperature limit charts on Page 19. Valve

. .

temperature limited by elastomer.
●“Dimensions and weights do not include accessories and options.
~: Back pressures are restricted to the pressure/temperature limits of the ANSI rating of the outlet flange.

18
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Gas, Air and Vapor Sizing (English Units) —
Styles JPV and JPVM

Gas and Vapor Sizing - LBS/HR - 10% Overpressure

The following is used for sizing valves for gases and
vapor when the required flow is expressed as a mass
flow rate in pounds per hour. Correction factors are in-
cluded to account for the effects of backpressure, com-
pressibility and subcritical flow conditions.

W=
A =

PI (C X K) Kb~

Where:

A=

CXK=

Minimum required
square inches.

effective discharge area,

Variable factor, depending upon ratio of specific
heats, multiplied by the coefficient of discharge.
(See Table on page 32.) Use C x K = 306 if
value is unknown.

Kb = Capacity correction factor due to back pressure
for use when superimposed (constant) back
pressure exceeds critical pressure. (See Table
on page 32.)

M = Molecular weight of the gas or vapor obtained
from standard tables or Table on page 32.

PI = Relieving pressure in pounds per square inch
absolute. This is the set pressure + overpres-
sure I- atmospheric pressure.

T = Absolute temperature of the fluid at the valve
inlet ~F + 460).

W = Required relieving capacity in pounds per hour.

Z = Compressibility factor. Use Z = 1.0 if value is
unkown. (See Crosby Engineering Handbook
for further information.)

20

Gas and Vapor Sizing - SCFM - 10% Overpressure

The following formula is used for sizing valves for gases
and vapor when the required flow is expressed as a
volumetric flow rate in SCFM. Correction factors are in-
cluded to account for the effects of backpressure, com-
pressibility and subcritical flow.

SCFM-
A=

1.175 (CXK) plKb

Where:
A = Minimum required effective discharge area,

square inches.

C x K = Variable factor, depending upon ratio of specific
heats, multiplied by the coefficient of discharge.
(See Table on page 32.) Use C x K = 306 if
value is unknown.

G = Specific gravity of the gas and vapor at flowing
conditions.

Kb = Capacity correction factor due to back pressure
for use when superimposed (constant) back
pressure exceeds critical pressure. (See Table
on page 32.)

P1 = Relieving pressure in pounds per square inch
absolute. This is the set pressure + overpres-
sure + atmospheric pressure.

T = Absolute temperature of the fluid at the inlet ~F
+ 460).

SCFM = Required relieving capacity in standard cubic

z=

feet per minute.

Compressibility factor. Use Z = 1.0 if value is
unknown. (See Crosby Engineering Handbook
for furtheiinformation.)

——. . ..... ,..- _-.n. . . . . . . . .—. —-...--— ..- --- T-----.-.---T- —.. - .-.
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!.

Air Capacities (English Units) — Styles JFW and JPVM ~
Standard cubic feet per minute at 60°F

Overpressure 10% and Above
Meets Requirements of ASME Boiler and Pressure Vessel Code, Section Vlll.

Capacities Certified by National Board of Boiler and Pressure Vessel Inspectors. @

,.

,.

,.,

.$

.,
:.

,,
s,.

.,

.-’

m
1 psi incr.
5 psi incr.

30
50
75
80

100

120
140
160
180
200

m
6

30

E
382
531
560
681

I
10
49

429
626
871
918

1115

u
36

180

1568
2287
3180
3356
4074

4793
5512
6231
6950
7669

2
11

44
137
190
201
244

287
330
373
416
459

4
19

167
244
339
358
434

15.5
77

670
977

1358
1433
1740

2047
2354
2661
2968
3275

25
126

1098
1601
2226
2350
2853

56
280

2434
3550
4935
5209
6324

70
352

3072
4479
6229
6572
7980

9388
10796
12204
13612

85
425

3703
5400
7509
7923
9621T

125 216
624 1082

5462 9429
7914 13750

11039 19118
11648 20174
14143 24495

16638 28817
19133 33138
21629 37460
24124 41782T

313 509
1566 2545

13652 22185
19910 32354
27682 44985
29211 47468
35468 57636

41726 67805
47983 77973
54241 88141
60498 98310

511
588
664
741
818

801
921

1041
1161
1281

1312
1508
1705
1902
2099

3356
3860
4363
4866
5370

7440
8556
9672

10788
11903

11318
13015
14713
16410

15020 18107 26619 46103 66756 108478

16428 I 19805 I 29114 I 50425 I 73013 I 118646220
240
260
280
300

502
545
588
631
674

717
760
803
846
889

894
971

1048
1124
1201

1278
1354
1431
1508
1584

1401
1521
1641
1761
1881

2295
2492
2689
2886
3082

3279
3476
3672
3869
4066

3582
3889
4196
4503
4810

5873
6376
6880
7383
7886

8390
8893
9396
9900

10403

8387
9106
9825

10544
11263

11982
12700
13419
14138
14857

13019
14135
15251
16367
17482

18598
19714
20830
21945
23061

17836 21502 31609 54746 79271 128815
19244 23199 34104 59068 85528 138983
20652 24897 36599 63389 91786 149151
22060 26594 39095 67711 98043 159320

23468 28291 41590 72032 1043O(I 169488320
340
360
380
400

2001
2121
2241
2361
2482

5117
5424
5731
6038
6345

24876
26283
27691
29099i--l-l

29989 44085 76354
31686 46580 80676
33384 49075 84997
35081 51570 89319
36778 54066 93640
38476 56561 97962
40173 59056 102283
41870 61551 106605
43568 64046 110927

110558 179657
116815 189825
123073 199993

t

129330 210162

135588 220330
141845 230498
148103 240667
154360 250835
160618 261004

420
440
460
480
500

520
540
560
560
600

620
640
660
680
700

720
740
760
780
800

820
840
860
880
900

920
940
960
980

1000

1100
1200
1300
1400
1480

DTE: See

932
’975
1018
1061
1104
1147
1190
1233
1276
1319
1362
1405
1448
1491
1534
1577
1620
1664
1707
1750

1793
1836
1879
1922
1965
2008
2051
2094
2137
2180
2395
2610
2825
3040
3212

1661
1738
1814
1891
1968

4263
4459
4656
4853
5049
5246
5443
5640
5836
6033

6230
6426
6623
6820
7017
7213
7410
7607
7803
8000

8197
8394

6652
6959
7266
7573
7880

8187
8494
8801
9108
9415

9722
10029
10336
10643
10950
11257
11564
11871
12178
12485

12792
13099
13406
13713
14020

14327
14634
14941
15248
15555
17090
18626
20161
21696
22924
;.

10906
11410
11913
12416
12920

15576
16294
17013
17732
18451
19170
19889
20607
21326
22045
22764
23483
24202
24920
25639
?6358
~7077
27796
28515
?9233

?9952
30671
31390
32109
32827

33546
34265
34984
35703
36422
10016
13610
!7204
50798
;3673

-r. -.

24177
25293
26409
27524
28640

2722
2842
2962
3082

=
3322
3442
3562
3682

G

31915
33323
34731
36139

.“

2044
2121
2198
2274
2351

2427
2504
2581
2657
2734
2811
2887
2964
3041
3117

3194
3271
3347
3424
3501

3577
3654
3731
3807
3884
4267
4650
5034
5417
5724

13423
13926
14430
14933
15436
15940
16443
16946
17450
17953
18456
16960
19463
19966
20470

20973
21476
21980
22483
22986

23490
23993
24496
25000
25503
28020

29756
30872
31987
33103
34219

35335
36451
37566
38682
39798
40914
42030
43145
44261
45377
46493

37547
38955
40363
41771
43179

44587
45994
47402
48810
50218 +

45265 66541
46962 69037
48660 71532
50357 74027
52054 76522
53752 79017
55449 81512
57146 84008
58844 86503
60541 88998

115248
119570
123891
128213
132534

166875 271172
173132 281340
179390 291509
185647 301677
191905 311845

136856
141177
145499
149821
154142

198162 322014
204420 332182
210677 342351
216935 352519
223192 362687

4042
4162
4282
4403
4523
4643
4763
4883

5003
5123
5243
5363
5483

5603
5723
5843

51626 62238 91493
53034 63936 93988
54442 65633 96483
55850 67330 98979
57258 69028 101474

58666 70725 103969
60074 72422 106464
61482 74120 108959
62890 75817 111454
64298 77514 113949

65705 79212 116445
67113 80909 118940
68521 82606 121435
69929 84304 123930

+

158464 229450
162785 235707
167107 241965
171428 248222
175750 254479

180071 260737
184393 266994
188715 273252
193036 279509
197358 285767

372856
383024
393192
403361
413529

423697
433866
444034
454203
464371

47608
48724
49840
50956

52072
53187
54303
55419
56535
62114
67693
73271
78850
83313

87/67
8984

9181
9377
9574
9771
9967
0951
1935
2918
3902
4689

201679 292024
206001 298282
210322 304539
214644 310797

474539
484708
494876
5050445963

@ “
6083
E
7284
7884
8485
*

713371 860011126425121896513170541515213
783771 944881138901124057313483411 566055

30536 85416 102974 151377 262181 379629 616896
92456 111461 163853 283789 410916 667738
99496 119948 176329 305397 442203 718580
05127 126737 186309 322683 467233 759254

33053
35570
37583

,,
...

,ges18and19 Pressure Lirn
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Sizing Correction Factors and MuitipIiers
Flow Factor for Vapors and Gases — Kb
for Back Pressures Exceeding Critical

Back pressure generally has no effect on the set pressure or flow capacity of Crosby’s Pilot Operated Pressure
Relief Valves except when flow is expected to be subcritical (absolute back pressure exceeds 55% of the absolute
relieving pressure). In this case the flow correction factor Kb must be applied. If the ratio of absolute back pressure
to absolute relieving pressure is less than 550A, no special correction factor is required: Kb = 1.00.

w: Consult the factory for back pressure greater than 70% of set pressure.

pb/pl = BACK PRESSURE PERCENTAGE =
BACK PRESSURE, (PSIA or kPa or bar Absolute)

ACCUMULATED INLET PRESSURE (PSIA or kPa or bar Absolute)
xl 00

32

60 0.995
62 0.99
64 0.98
66 0.97
68 0.96

1 70 I 0.95 I

Example for determination of Flow Factor Kb:

pb/pl =

Set Pressure = 150 psig
Back Pressure = 100 psig

Back Pressure Percentage =

.

Where Pb/Pl = 640/., Kb = 0.98

Acetylene
Air
Ammonia
Argon
Benzene
N-Butane
lso.Butane
Carbon Dioxide
Carbon Disulphide
Carbon Monoxide
Chlorine
Cyclohexane
Ethane
Ethyl Alcohol
Ethyl Chloride
Ethylene
Freon 11
Freon 12
Freon 22
Freon 114
Helium

26.04
28.97
17.03
39.94
78.11
58.12
58.12
44.01
76.13
28.00
70.90
84.16
30.07
46.07
64.52
28.05

137.37
120.92

86.48
170.93

4.00

100 + 14.7
150 (1.1) + 14.7

Xloo

~xIOO = 64%
179.7

Typical Properties of Gases

332
345
338
366
319
316
316
336
328
345
341
315
326
320
326
331
321
321
326
316
366

0.899
1.00
0.587
1.377
2.70
2.01
2.01
1.53
1.261

.967
2.448
2.906
1.038
1.591
0.903
0.969
4.737
4.17
2.982
5.894
0.138

N-Heptane
Hexane
Hydrochloric Acid
Hydrogen
Hydrogen Chloride
Hydrogen Sulphide
Methane
Methyl Alcohol
Methyl Butane
Methyl Chloride
Natural Gas (Typical)
Nitric Oxide
Nitrogen
Nitrous Oxide
N-Octane
Oxygen
N-Pentane
lso-Pentane
Propane
Sulfur Dioxide
Toluene

❑
100.20
86.17
36.47

2.02
36.50
34.07
16.04
32.04
72.15
50.49
19.00
30.00
28.00
44.00

114.22
32.00
72.15
72.15
44.09
64.06
92.13

❑
311
312
346
346
346
338
337
327
315
327
334
345
345
336
311
345
313
314
320
332
316

3.49
2.975
1.268
.070

1.259
1.19
0.555

.792
2.491
1.785
0.655
1.037
0.967
1.530
3.94
0.967
2.49
2.491
1.55
2.26
3.18

?!9‘,.

,.
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[06f7S ON XWXLI SO:6T NON 00/OT/10

Daniel ValveCompany
P0Box40421
Houston, TX~Z40
Telephone (281) 469-0550
Facsimile (281)894-1332
http//www.danietind.com

.

FAXTRANSMITTAL
company: HAN-PADRON ASSOCIATES

Date: January 10,2000
To: MR. ROBERT BURY From: Ron Kennedy
F~ Numbec 212-629-4406

DanfIo Sales Mgr.
Phone Number: 212-736-5466 Total pages, including cover
Subject: DVC QUOTE 00-7768-08-104/yOUR JOB 864-01 ~

DVC FAX MESSATE 00-0410-02
Robert:

. .

.“,
:.

Per your request, we offer the following budget quote for the ~anflo valves listed on your suction

mooring technology compressed air system:

Valve 1
.

8“ ANSI 150#RF 8-411 -ALN-50 Solenoid valve operated Danflo valve With one(1) each NO and one ‘
N/C solenoid valve, Geneml Purpose Solenoid Valve

,. , I

Unit Budget Price: $ 16,550.00 (USD)

Valve 2

,,.
2“ ANSI 150#RF 241’1 -ALN-50 Solenoid valve operated ~anflo valve wim one (I) eati NO and one ,,,~,
N/C solenoid valve, General Purpose Solenoid Valve

Unit Budget Price: $10,865.00 (USD)

Valve 3

3“ ANSI 150#RF 3-417 -ALN-50 Solenoid valve operated Danflo valve with one(1) each NO and one
N/C solenoid valve, General Purpose Solenoid Valve

Unit Budget Price: $ 12,310.00 (USD) ,,

Delive~ 12-14 weej(~

/ ~

/ z ,-
T@”d =filtifi 13 INW ’22: 8’I E@zZ-BT-N8f

,.r_r. , .--.=.- . —.,T-C m----- v-. ., . ... ... .. ----=?- .>, .=- ,.. ,, ..= ,=:--m —---------- ~.— --- ,- .... . . . .. —..— -.——



[06bS ON XM/XAl S0:61 NON 00/OT/TO

ZEi”d 18101

DanielVaiveCompany
POBOX40421
Houston,Tx77240
Telephone [281]46g-0550
Facs;mlle: (281)894-1332
Mp//wwv.danielind.com

Were quoting ourstandard Danffo=bon steel va\vestith stiseats. Theleakage rate isclassified
as Class IV, but for all intensive purposes, it is leak tight.

I would like to point out Mr. Bury that I believe that the application that you have illustrated should use

ball valves with either hydraulic or spring return actuators in lieu of what we are offering. You should
be able to get the same two (2) second or less full closinglopening cycle. This type of valve is used
for ESD valves on pipeiines often.

With regards to the drafting symbol for the vaive, what you have shown on your drawing is okay and
acceptable.

Call me if you need any additional information.

5inCerely yours,

Ron Kennedy.
Danflo Sales Manager

Cc: C, Brown
J, Wass

J,

;,

,,

,,
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DANFLOVALVES..
rF [J(J

:“’$-
:’ For use with pilots or controllers. AVAILABLE

‘~ iJ -. IN LARGER SIZES.

SIZE (in) 2 3 I 4 6 8 10 12 16 20 24 30
DIN(mm) 50 75 100 150 200 250 300 400 500 600 750
c (1) 120 330 I 480 1200 1900 3100 4200 7630 11900 17175 38640 ‘7~l)lhevolumeo water m GPM al 60OFthatwillflowwith1 psi pressure drop across the valve.

I Model No. 1 I I
& Pressure

Ranqes Control Function Simplified Schematic Principal Applications
Pressure Reducing Pressure control in process streams

ANSI
150-1500 m— ~

andpipelines.Over-pressureprotection
nSll of meters,manifoldsystems,etc.
s
a
w BackPressure/ Hold back pressure for pump, meter,
& ANSI Pressure Relief

mq li”~pres~uresurges
etc Pressure relief and control of

g 150-1500
=
0. Over-pressure Protect process streams and pipelines

ANSI Protection
150-1500 =$ ‘romoverpressure.

Rate-of-Flow Controls flow rate in a pipeline by
ANSI sensing APacross a flow element such

150-1500 as an orifice, turbine or P.D. mete~

H Minimum Differential

%

Pump APand APby-pass control;
ANSI Pressure . Flow alsostrainers, filters. Vapor-pressure

150-1500
+

control(LPG and similar products)

Ask for
Bulletin
Number
400-10

400-20

400-25

400-30

400-35

aawi‘neumaticcontro’
dli?!!i~ Batch operations by preset. Control 400-50

from level sensing. Line block valve.

~ @
.%- g~zl= On/Off or modulating pressure, flow,
3~Q 400-60

or level control from pneumatic control

l-1~~~ z:: ‘:

On/Off or modulating pressure, flow, 400-70
or level control from electronic control

>W H Surge Relief
n~N
D*e ANSI (Nitrogenloaded)
!o~ 150-1500 Seepage6

Protect pipelines, pumps, and other 400-40
Nitrogen

=llz51 $ pressures.
devices from transient surge over-

supply

SIZE (in) 3 4 6
DIN(mm)

&$ ~,,,
75 100 150

205 285 675
0$ lUThevolumeofWaterinGpM at 60”F thatwill flow with 1 psi pressure drop aCrOSS thevalve.

m~ Truck Loading N.O.

a

N.C. Flow Rate-of-Flow control. Terminal
m ANSI

DA-598
(Solenoid control)

+
automation and/or remote control with

150 electronic signals to solenoids.

[u - .-L ;= ‘ -

[h -- Similar to 400 series but uses a “pressure-
J i., <)” -,

.. --. .._ ._.: balanced” plug with power piston.
SIZE (in) 8 I 10 12
DIN (mm)

s 15: 200 250 300
* C(1)
nllj -

560 1010 I 1615 2310
lllThevolumeofwaterinGpMat 60”F that will flow with 1 psi pressure drop acrOSS the valve.

O* b: I#vmf:::lionm+ Tank Safety Shut-Off Nosolenoid orpneumatic Prevents withdrawal of any product
tn ;: pUMp Oiacharge ANSI 150 I$~:~=%e3i=s from a storage tank unless the pump

Installation is operating. Requires no external

SIZE (in) 12 16 20 30
power source. Uses line pressure on
power piston for operation.

DIN (mm) 500 6: 750

g; ::;:vol,meof wa&;pMa, ;:::

b

11900 17175 38640
“Fthat will tlow wrth 1 m oressure drorr across the vafie.

5<
.

: .!
mb Servo Control with

ANSI :Ar’’oma
Flow, pressure, or back-pressure 400-90

(n
external hydraulic

150-600
0==]

control.
source. Hydraulic flOW

.— supply
+

Page 2
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400SERIES

A 400 SeriesDANFLOvalve, in its simplest
form,consistsofadynamicallybalanced-plug
assembly that slides back and forth easily and
rapidly to open, close, and throttle.
. Pressureintheplugcavityclosesthevalve.
. Withno pressurein the cavity,the valve

Pr%f;es are applied through three ports:
upstream, downstream, and to the plug cavity
“behind the plug.”
Downstream port provides for venting plug-
cavity pressures rapidly to speed up valve
response. The port leads to the point of lowest
internal pressure in the valve.

For convenience, the ports (and related pres-
sures) are identified:
P,= Upstream
P~= Downstream
PC= Cavity

PCis connected to P.. This equalizes pressures
on upstream and downstream faces of the plug.
The internal-spring force closes the valve.

By connecting PCto P,, the plug cavity is vented.

)

Upstream line pressure overcomes the spring
force, and the plug is forced open.

.

PLV7sP.andP.connected
Upavm-mpwkro Is equaflzedacfosstheVIIIVO
SpnnQwa$sumIwcesphg to seal

POfiSP#nd P#TWsd

VALVECLOSED
A MervnGsl@ssme existsauuss Ihephg
Upsfmm pfessursgreatermanmechanic.dspdngpressuremoves
theplugdownsveam- away fmm theseat-VALVE OPEN

P1l-OTOPE~ATlON
400SERIES-BOOYSTYLE 41
The pilot connects P, to either P. or P, to close
or open the valve. The connection is made in
the pilot by an internal poppet that shuttles back
and forth depending on whether force from the
pressure provided by a “sense line” is larger
or smaller than the pilot spring force. (Differ-
ential-pressure pilots are also available.)

An easy way to remember how the pilot works
is that the valve, after the initial start-up
sequence, will normally be closed if the spring
“points” upstream (back-pressure or relief
operation), normally open if “pointed” down-
stream (pressure-reducing service).

Use of the pilot is therefore:
. “Point” the spring so the valve is normally

open or closed, as desired.
● connect the “sense line” upstream or

downstream to “sense” the pressure you
want to actuate the pilot.

,,
!.

I
,-
1
,.,

~,

$.

,,
, .,,
,,

PQLp3tright
Pressurek equaluedacmss fheplug.
Pbg movesM —
VALVEIS CLOSED.

;.

!za?

.,,,,

500SERIES

500 Series valves also use axial flow for high flow capacity and
are very similar to the 400 Series valves. Howeverj a pressure-
balanced plug design has ports to equalize effects of line pressure
on each side of the plug-and the plug is connected to a power
piston which forces it open or closed.

Principal applications for 500 Series are Tank Safety
Shut-Off and Electrohydraulic Servo Control.

‘.

)

Page 3

Pcmelwf
PIesswe .aVfersntiafiscmafed
P@ movesr&ht
VALVEIS OPEN. !.

,.

TANKMFIW SHUT-OFF MODEL80.LOCATEINPUM’
500 SERIES-BODY STYLE 51 MODEL 8~ LOCATEIN PUM ~

● Automatic operation.
. Whenpump isrunning,

valve is open.
. If pump stopsor

pressure equalizes across
pump, pressure in
sense line is no
longer sufficient
to hold valve open.
Valve closes to
prevent lost product
and spills.

Operation:
.-,

. Line pressure applied
to both faces of
power piston.

● Spring forces plug
CLOSED.

● pump starts; discharge
pressure on power piston ,,’,
forces plug OPEN. .,

● Pump stops;
pressure again
equal across power
piston.

● Spring forces plug
CLOSED.

,— . ..—
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.

L’

L-II

. ..—

I UL VALVklS-OPEN. -

Pressursrise
aessmeinthesenw’ng

umtis gmafer
fhan the mechanical
Sping force.

POppsrmovesleft
.afve dua movesright

& ,

LWORTANTNOTE: Reversing lhe direction of the DAN.FLO pilot
sensing unit reverses
thedireclionofvalve
plug rss+anse.

inpmssursrsducihgl
regulatingCond,tins
Opwational
Charactensfks
am reversed.

A dmpinpmssurm
downsfrsam

Pq3p8tmovas~
.ah’eplug movesright.
va&a k OPEN.

THR07TLl}lJ-CUli~RilLLERtlF%R.4TiO)t
400 SERIES-BODY STYLE 41

By connecting P, to P. through a small orifice
(to “smooth out” control action) and also con-
necting PCto prJvia a single-seat globe valve
with a pneumatic (3-15# or 6-30#) or elec-
tronic (4-20 Ma) control signal, the valve will
throttle in response to the pneumatic or elec-
tronic signal from the controller.

PNEUMATICCONTROL
MODEL60 si

ELECTRONICCONTROL
MODEL70 ,-4-20 mA

. .... ... . -. , ---- . - - -. .-. ----- >%—.- - --- -.=
I

------- . e..... ~..-=-.”.
—.... , m—=.. -r.

.. ‘,,”...:: :-? ... .. , - .,, -.. .
.. . ....– .. .. - - _. -A_ _.J._ .,<.. , . . —..2-.A-.A.A - -—..-. .- ..: - --- . . . . . . . . . . . . ..s.-.-= ...----=. -—- --

Ei $M’flDH’/LlM’\uuJ SERVOCo)i”/Fi:’.k IN PUMPSUCTION .-

E!NPUMPDISCHARGE

]

~.
j.. 500SERIES–BODYSTYLE52-MODEL90
&-” SIZES12”THRU30”
~:.,

I

The DANFLO Model 90 valve is designed for use with an exter-

I

+.
GE “:. nal hydraulic supply with suitable piping to apply hydraulic.., force on each side of the valve’s power piston. Control over

# the two hydraulic lines comes from a servo control board in
$:; response to standard Iow-milliamp or low-voltage signals.

TfflK ?.4FETYVALVEOPEN
—

TANK Model 80 NOTPUUW4G

d 1

7N4KSAFETYVALVEc,OSED

Model 80 Page 4

The major use of this efficient valve is for flow, back-pressure,
or pressure control. An indicator to show plug position is
standard on Model 90 valves.

,—-.,...-.~::-~::--..——-..— —-, ,—— . r ,, ,.: -T.———
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l%e versatile, efficient, cost-effecfikle DANFLO Chntral !hke

~---- 4-20mA
-.

k!“~ Elect

NitrogenGas ~ - pilot
Loaded --a -

&

I ---- ServoControl-------- -
4-20 mA

n

3-15 psig
Pneumatic
Pilot

Eleptrohydraulic

I

Two basic designs with balanced, guided plug assemblies

400 SERIES (Illustrated above) 500 SERIES
For use with pilots and controllers With internal power piston
MODELS 10,20,25,30, 35, MODELS 80,85 and 90
40, 50,55,60 and 70

THEI!)(UWL(IIIEN(N

The 400 and 500 series DANFLO valves (with
body styles 41,42, 43, 51, and 52) all share
two important characteristics:

● llOW throughthe valve when open is via a
large,venturi-typeflow path that provides a
high flow coefficient (C,) and low pressure
drop across the valve.

● FIOW is controlled with a guided-plug
assembly that moves in response to
upstream or downstream line pressure
according to the valve application.

,

TYP[CALDAM%(IVALVE

(Model 20 in Back Pressure/Pressure Relief
Service)

=m..

--—- 1 “ u .“A” H - Il.- - s{ .—---- ..
..*uSod m e-pmturo
—---- -... wm\ I

.—

t,

------
—tir-,
nJ’’-dKddddd

~ auxmE.5slJRE c=mrbsunmlcw

Note: Details ofvalye body and piping config-
uration depend on the specific application.
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PRESETTRUCK-LOAD[[iGIBATC[{-OPERATION
400SERIES-BODYSTYLE43-MODEL55
An interesting form of flow control can be achieved with DANFLO
valves by using a pair of solenoid valves as shown in the
accompanying sketch. They operate in synchronism, alter-
nately tending to open/close the valve but pulsed at such a
rapid rate that the plug dynamically “floats” in the correct
position to maintain a desired flow rate.

Daniel makes use of this unique digital control in its truck-
Ioading systems by coupling DANFLO valves with Daniel LR
turbine meters (made specifically for high repeatability meas-
urement in light-hydrocarbon service).

t)RDER[l@ GUIDE

Because of the many variations available in DANFLOvalves, it
is important that the factory know as much as possible about
the intended installation, including:
● Line size and pipe schedule
● Pressure rating (ANSI)
. Maximum line pressures (Inlet and outlet)
● Max/rein differential pressures
● Max/rein line-media temperatures
● Max/rein line flow rates
● Composition of line media
● Specific Gravity of media
● Vaoor messure of media

❑ 55- . Ba~chor continuous oDeration

k
c

I

SURGE[WLIElz ‘
‘ SP22DSOHTBOL

● Operational mode and-type control device to be used
(pilot, controller, servo; etc.)

● Low-noise or cavitation trim needed
● Special considerations.

(Nitrogen pressure loaded)
400 SERIES-BODY STYLE 42- MODEL 40
One of the major uses of DANFLO valves in
recent years has been for surge relief in liquid
pipelines. Only the PCconnection is used, and
through it a “set” pressure (from a nitrogen
charging system) is applied to the plug cavity. PLENUM

NITROGEHSUPPLY
------------- I

(
PRESSUREGAGE

When a transient surge occurs, line pressure
(EUIYNpossible20 mlnlmlza OPEFWGRASSEMBLY
ambient temperaltwe elfects)

exceeds the “set” pressure and forces the valve
plug open instantaneously. The pressure surge
volume is dumped to a collection tank or b
bypassed to downstream. When line pressure
drops below the “set” pressure, the valve MAIN PIPEUNE BLOCKVALVE lNLEl ouTLEr m WERFLOWTANK

auicklv but smoothlv closes. The valve “tracks”
TypIcaI Installation

all s~bsequenttr~nsientsurges until line-
pressure equilibrium returns.

“1f

,,.-..

::

i.’ .,

...

.,
: .,

Operation is fast, automatic, and requires no
attention from operating personnel. There is
nothing to reset or replace after surge-relief
action, The DANFLO Surge valve is always ready
for immediate action to prevent damage to

Cavity behindplugfilled with nitrogengas.
Valvecloseduntil pressuresurge in line
exceeds “set” pressure. Valve immediately
opens to abate surge, closes when line pressure
drops below “set” pressure.

equipment and/or harm to-personnel. -

Page 6

Valve Compsny

DANIEL VALVE COMPANY
19191Hempstead Highway
F!O.BOX40421
Houston TX 77240
Phone: (713) 469-0550

DANIEL VALVE COMPANY DANIEL INDUSTRIES CANADA ‘- .
Libra~ House #l 14-4215-72 Avenue, S.E.

J.
,,

The Green Calgary, Alberta, Canada
Datchet, Slough T2C 2G5
Berkshire. Enaland Phone: (403) 279-1879

Outside”Tex&: 1-800-231-3690 SL39AU ‘ “
Telex: 762-400

Telex: 03-827701
Phone (011-44) 753-548173 Fax: (403) 236-1337 .

Fax: (713) 894-1332 Fax: (011-44) 753-582765
IINTED IN U.S.A.

,,

1992 DANIEL VALVE COMPANY —~123 — Is A nccmrcnm TnAn.uAnlt DV-1295-5M.9193 ‘
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4. Risk Apalysis

In this chapter a failure tree analysis is presented examining the risks inherent in the use
of the mooring as described in the previous sections. The risks are evaluated by
examining a primary failure and then subsequent failure of each of the systems used
following the primary failure and a listing of the consequence of each successive failure.

4.1 Operational Mooring ,Msks

This section examines the risks that are inherent in the mooring operation:

In a successfid mooring attempt the following systems are used in sequence aboard the
ship:

. The navigation system (differential

. The bow thruster on the .wssel

. The autopilot
● The main propulsion machinery
● The underwater video equipment

GPS and back-up (e.g. Miniranger))

. The acoustic communication-system

. The optical communication system
● The releasable hatch in the bottom of the shjp
. The pressure maintenance pumps

The following equipment is used a%oardthe mooring buoy

. The buoy wake-up system (acoustic)
● The low pressure tarik cha@inn system (A and B system)
. The optical communication system
● The Rapid Ascent system [A or B system)

In the event of failure to capture the buoy the following system will be used:

. Emergency descent system.

The failure tree for the failure of shipbome equipment is shown in figure 4-1. The most
serious consequence of the worst scenario sequence of events is the damaging of the hull
of the vessel and of the buoy due to lateral impacts as the buoy surfaces next to the ship.
In extreme cases the damage to the hull of the shii may consist of holing through of the
side plating in the vicinity of the mooring equipment. It then depends on what is behind
the plating whether this represents pollution incident or not. The damage so caused is not
likely to cause serious problems concerning stability or seaworthiness to the vessel.

4-1
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Damage to the buoy would cause it to lose buoyancy and descend to the seabed. If
severely damaged salvage equipment may be required to effect repairs because the
buoy’s ability to surface may no longer exist.
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4.2 Buoy Equipment Failure

The failure tree of equipment aboard the buoy is shown on figure 4-2. The most serious
consequence of a series of failures is the over pressurization of a low-pressure tank used
for the rapid ascent system. This may lead to an explosion of the subject tank or rupture
of it. This will lead to the buoy sinking to the seabed and making mooring attempts
impossible.
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4.3 Stay Moored and Unmooring.

While the buoy.is moored to_the vessel all sy~temsare inacti~e with the exception of-the
high pressure tank re-charge and the ch~ging of the batteries in the electrical system.

The emerge~cy descent system is used following each successfid mooring to bring the
buoy-to aeondition that it will descend following release from the vessel. Because the
rapid ascent buoyancy volume is not airtight it will fill with water in any event even if the
emergency descent system fails to actuate. Therefore no later than 15 minutes after a
successfid mooring the buoy is always poised to descend when released.

Unmooring is provoked by the simple action of reversing the pressure maintenance
pumps. These will pump in approximately 0.3 .m3/sec.300 seconds later 90 m3 has been
added to the volume above the-buoy. At this point the exterior seal will be broken and the
buoy will fall away.

A failure tree analysis of the stay-moored condition is shown in figure 4-3.

A special note is required concerning the unmoori~-process following the breakage of
one of the mooring chains. J.nthe case of a 6 or 9.point. spread mooring the buoy mayor
may not be strongly buoyant. In the case, however, ofgeneral arrangement number one
where the mooring is secured by lifiing weights the buoy will be strongly buoyant
following a mooring chain failure. The safe unmooring>rocedure in this case is to release
the buoy with the vessel hoveringzdxwe the buoy’s neutral position. Following release of
the buoy the vessel is accelerated astern such that momentum is gained before the buoy
surfaces next the vessel.
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4.4 Fluid connection System. “

The fluid connection system is comprised of a number of fluid conductors each
individually connected by a quick connector with a double seal charged with nitrogen
between the two seals. The nitrogen pressure is maintained above the fluid pressure in the
conductor, thereby positively preventing leaks in normal o~erations.

Each individual conductor is shown in concept below in Figure 4-4. The all valves shown
are auto-refurn valves that automatically shut when the stzg o~en signal is lost.

ESD C s Sc

Figure 4-4, Fluid connector system.

,

The valves labeled ESD and C are electrically controlled valves. These are opened when
the fluid connection is desired. The seal~ressure in the connector operates the valves S.
Thus the normal operating sequence is that the connector is made up and the seals are
pressurized, If the seals leak at a rate below some established value the valves S open.
Following theqmning of-thewkx&Mhe-wdvssGm&WD-are opened-@4e&d
command. ;~he electrical ~onnection is established thro~h a separate electrical
connector.

At disconn~~uid co “~~m that is~.
Thus at no al disconnect no hydrocarbons are released.

r
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From: MLee@eagle.org <MLee@eagle.erg>

To: edbo@ix.netcom.com <edbo@ix.netcom.tom>

cc: rdeschamps@eagle. org <rdeschamps@eagle.erg>; hpatel@eagle.org
chpate@eagle.c) rg>; vvrna(@eag!e.org <wma@eagIe.erg>

Date: Thursday, August 03,20003:17 PM

Subject: Re: Hydrostatic Mooring: Approval in Principle

We acknowledged your reply, and are awaiting your additional calculations. As to your inquiries

regarding corrosion allowance and bearing safety factor, we offer:

Corrosion Allowance

Section 3/3.3.3 of the ABS SPM Rules provides some specific requirements on corrosion control.
Alternatively, we’ll accept a corrosion allowance in the weight considerations and member
calculations. However, the minimum member size after corrosion consideration should be the size
used in the structural calculations while the original member size (before corrosion) should be used
in the buoyancy calculations., ,:

Bearimz S.F.
., .

Section 4/1 .7.3 a) of the ABS SPM Rules specifies a safety factor of not less than 2 without yielding.
We’ll be happy to consider your design modification and/or further studies to increase the system
reliability.

Regards,

Ming.Yao Lee
Offshore Engineering Department
ABS Americas (281) 877-6735

edbo@ix.netcom.com
To cMLee@eagle.or~

cc
31.07.0011:13 PM Subject Re Hydrostatic Mooring Approval in Principle

Sorry for being a little tardy in responding.

1.The existing modeltests alreadyin your possessionhad a forcedeflectioncurvevery closeto both the mooring
systems,which we will demonstrateshortly.

2. Stability calculations willbedoneandsubmittedontheactualbuoy.Wehavestabiliitytalcs ontwopriorversions
anddonotexpectanyproblemsin thisarea.

3. Would it be ok to simplyincludea corrosionthicknessallowancein allweightandbuoyancycalculations?

,’, ,
;.
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4. Pileinteractiontalcs willbefurnished.

5. We use a proprieetruy riser that may designed to not contact the seabed. We will furnish documentation. It will be

clear from this documentation that any amount and size of riser maybe accommodated.

Concerningriskassessment.Theonlyelementthat is nonredundantis themainbearing.Thereis possiblyenough
spacetooincludestructuralelementsthat takeoverin theeventofa bearingelementfailure.Wewillcheckthis.
Anotherpossibilityis to increasethefactorofsafetyonthestructuralelementsin thebearing(25%??50%??).CanI
haveguidancehere?

You couldtakethepositionthat thefluidsealis nonredundant.Failureofthis is howevergradual,suchthat there
wouldbewarningsandenoughtimetodisconnectin theusualfashion.

Best regards
Jens Korsgaard

—Original Message—
From: MLee@.eacde.ora cMLee@.eaale.erg>
To: edbo@ix.netcom.com <edbo@.ix.netcom.tom>
Cc: wmaklleacde.ora <wma@.eaale.erg>; rdeschamr@2eaqle.ora <rdeschamrx@,eaaIe. or@;
lsamuelsson@eaale. org <lsamuelsson@.eacde.erg>; hDatel@eaQle.Org <hDatel@.eaale.erg>
Date: Thursday, July 27,20005:50 PM
Subject: Hydrostatic Mooring: Approval in Principle

Dear Jens,

Per your request, we have the following comments based on a cursory review completed so far:

Mooring and Buov Desire:

1. Mooring design loads of anchor legs and mooring elements between the buoy and the vessel
should be established through proper physical model testing and/or analyses taken into account
design safety factors.

2. Stability calculations should be carried out to demonstrate that the system is installable,
repairable, and that the buoy is inspectable on the surface.

3. Corrosion protection and/or provisions should be included in the scantling calculations.

4. Calculations verifying the piles and its interactions with mooring legs, both structurally and
geotechnically, need to be included.

5. The mechanical wear from the risers in contact with the sea floor, the mooring chains or the buoy
body should be investigated. The risers should also be verified for the riser minimum bending radius
requirements.

Piping/Mechanical:

(Yet to be furnished by our machinery group)

Risk Assessment:

Where parts of the system are identified as non-redundant and where redundancy is not possible, we

- .._-. ..- .=— ..—.— _ —,. _ ~-,m.-, —m ... / .,. --— -,-.-,q-q ,, , . . . . .-, ---- . ,,. , . . . . . . . —y- .- —---—- - .-.— - . . . . ..- ..-’



Page 3 of 3

suggest that quantitative rather than qualitative analyses be performed to ensure that the risks are

minimized.

Pleaseconsiderthe above commentsas preliminaryat this time. We’ll provide a more detailed list of
comments and/or suggest areas for further engineering once we complete our review work.

Regards,

Ming-Yao Lee
Offshore Engineering Department
ABS Americas (281) 877-6735
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From: edbo@ix. netcom.com <edbo@ix.netcom.tom>

To: MLee@eagle.org <MLee@eagle.erg>

Date: Tuesday, August 01, 200012:1 3AM

Subject: Re: Hydrostatic Mooring: Approval in Principle

Sorry for being a little tardy in responding.

1. The existing model tests already in your possession had a force deflection cuwe very close to both the
mooring systems, which we will demonstrate shortly.

2. Stability calculations will be done and submitted on the actual buoy. We have stability talc.s on two prior
versions and do not expect any problems in this area.

3. Would it be ok to simply include a corrosion thickness allowance in all weight and buoyancy calculations?

4. Pile interaction talcs will be furnished.

5. We use a proprietary rker that may designed to not contact the seabed. We will furnish documentation. It
will be clear from this documentation that any amount and size of riser may be accommodated.

Concerning risk assessment. The only element that is non redundant is the main bearing. There is possibly
enough space too include structural elements that take over in the event of a bearing element failure. We will
check this. Another possibility is to increase the factor of safety on the structural elements in the bearing (25Y0
?? 50Yo??). Can I have guidance here?

You could take the position that the fluid seal is non redundant. Failure of this is however gradual, such that
there would be warnings and enough time to disconnect in the usual fashion.

Best regards
Jens Korsgaard
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—-Original Message—
From: MLee@.eacde.org <MLee@eacde.erg>
To: edbo@ix.netcom.com eedbo@ix.netcom.tom>
Cc: wma@.?eaale.ora<wma@.eaale.erg>; rdeschamr@Oeacde.ora <rdeschamm@eaale.orq>;
lsamuelsson@eaale. ora <lsamuelsson@.eacde.erg>; hpatel@eaale.org <h~atel@,eaale. orq>
Date: Thursday, July 27,20005:50 PM
Subject: Hydrostatic Mooring: Approval in Principle

Dear Jens,

I Per your request, we have the following comments based cm a cursory review completed so
far:

Moorirw and Buov Desire:

1. Mooring design loads of anchor legs and mooring elements between the buoy and the
vessel should be established through proper physical model testing and/or analyses taken
into account design safety factors.
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2. Stability calculations should be carried out to demonstrate that the system is installable,
repairable, and that the buoy is inspectable on the surface.

3. Corrosion protection and/or provisions should be included in the scantling calculations.

4, Calculations verifying the piles and its interactions with mooring legs, both structurally and
geotechnically, need to be included.

I 5. The mechanical wear from the risers in contact with the sea floor, the mooring chains or
the buoy body should be investigated. The risers should also be verified for the riser
minimum bending radius requirements.

Piping/Mechanical:

(Yet to be furnished by our machinery group)

Risk Assessment:

Where parts of the system are identified as non-redundant and where redundancy is not
possible, we suggest that quantitative rather than qualitative analyses be performed to
ensure that the risks are minimized.

PIease consider the above comments as prelimina~ at this time. We’ll provide a more detailed list
of comments and/or suggest areas for further engineering once we complete our review work.

Regards,

Ming-Yao Lee
Offshore Engineering Department
ABS Americas (281) 877-6735
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From: MLee(@eagle.org <MLee@eagle.erg>

To: edbo@ix.netcom.com <edbo@ix.netcom.tom>

cc: wma@eagle.org <wma@eagle.erg>; rdeschamps@eagle. org
crdeschamps@eagle.erg>; lsarnuelsson@eag] e.org elsamue[sson@eagle.erg>;

hpatel@eagle.org <hpatel@eagle.erg>

Date: Thursday, July 27,20005:50 PM

Subject: Hydrostatic Mooring: Approval in Principle

Dear Jens,

Per your request, we have the following comments based on a cursory review completed so far:

Moorirw! and Buov Desire:

J.+#1. Mooring design loads of anchor legs and mooring elements between the buoy and the vessel
should be established through proper physical model testing and/or analyses taken into account
design safety factors.

~/
2, Stability calculations should be carried out to demonstrate that the system is installable,
repairable, and that the buoy is inspectable on the surface. @L

7
3. Corrosion protection and/or provisions should be included in the scantling calculations. Q&

4. Calculations verifying the piles and its interactions with mooring legs, both structurally and
Y

dh

geotechnically, need to be included.

.P

5. The mechanical wear from the risers in contact with the sea floor, the mooring chains or the bu~y
body should be investigated. The risers should also be verified for the riser minimum bending radius

} L

requirements.

Pi~in~/Mechanical:

(Yet to be furnished by our machinery group)

Risk Assessment:

Where parts of the system are identified as non-redundant and where redundancy is not possible, we
suggest that quantitative rather than qualitative analyses be performed to ensure that the risks are
minimized.

Please consider the above comments as preliminary at this time. We’ll provide a more detailed list of
comments and/or suggest areas for further engineering once we complete our review work.

Regards,

Ming.Yao Lee
Offshore Engineering Department
ABS Americas (281) 877-6735

—



Jens Korsgaard
318 North Post Road

Princeton Junction NJ 08550
Phone: 609-936-8543

Fax 609-936-9373

07/17/00

Mr. Ming-Yao Lee
ABS Americas
16856 Northchase Drive
Houston TX 7706045796

File Ret 10141DBURQ

Dear Ming-Yao:

This refers to our submittal for approval in principle for the Hydrostatic Mooring

Here are the details of Section 3 ElectricallMechanical design to be inserted
following the summary report by Han Padron Associates.

Section 5 is still pending.

Best regards

Jens Korsgaard



Jens Korsgaard
318 North Post Road

Princeton Junction NJ 08550
Phone: 609-936-8543

Fax: 609-936-9373

07/07/00

Mr. Ming-Yao Lee
ABS Americas
16856 Northchase Drive
Houston TX 77060-6796

File Ret 10141DBL/RQ

Dear Ming-Yao:

Here is our submittal for approval in principle for the hydrostatic mooring. 1have
completed this on a trip.

The submittal lacks section 5, Applicable Standards. This will be sent to you on
or about July 16 after my return to USA.

Section 3 Electrical/Mechanical design contains only the summary report by Han
Padron Associates. The detailed calculations will be submitted with Section 5.

Please make a fast review in order to identify potential items that are missing.
We will furnish these as fast as possible following identification. We are of course
available with respect to any clarifications required. If needed we are also
available to meet with you and your staff in Houston

Best regards

Jens Korsgaard
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8-25-9S ; 3:WW : OW (281-877-67351”

BihBSAMERICAS
=“

A DIVISKM W THE AM-EWWJ 8UIVWJ @ SHIPPING

IS856 NORTHCHASE oR, HOUSTON. TEmS 7706~
W: 281.877-8000 FAX: 281-87747S6

TELEFAXMESSAGE Page 1 of 1

To: SUCTION MOORJNGTECHNOLOGY Date: 25 August 1999

Attn: Jens Korsgawd Fax No: 6099369373
Fax No:

From: Oavid Lorenz Branch code: 86203

File Ref: 1014/DBuRa PID #

Subject:
------ ----

Concapt Evaluatiori””-

Mr. Korsgaard,

We hereby accept your conditionsfor ?he Approval in Princip!e of the Hydrostatic
Mooring, as detailed in your letter of 28 July 1999.

An hvoice will be sent to you for the first payment next week.

You may begin by submitting drawings and calculations as described in our
proposalat your earliest convenience.

Please forward all submittals through me.

Thank you for your business.

Best regards,

<- 2

David B Lorenz
Principal Engineer
Project Manager
Offshore EngineeringDepartment
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Offshore Mooring Systems
318 North Post Road

Princeton Jet. NJ 08550
Phone: (609) 936-9568

Fax: (609) 936-9373

Mr. David A. Crouch,EE-24
US Dept. Of Energy
Mailstop5E-052
Washington DC 20585

By fax to 202-588-3180 (12 pagestotal)

Reference: Invention703

DearMr.Crouch:

Attached istheproposal from American Bureau ofShipping.

July 13, 1999

lhaveclarified theproposal overthe phone with ABS, seehandwritten notes inthe margin of
the proposal.

The words ‘Concept Evaluation”are the same as “Approval in Principle”thus the proposal
covers what I desire.

The cost is higher than the basis for my budget. One reason for this is the “RiskAssessment
Evaluation”. This item was not presentin priorproposals from ABS. ABS claimsthat this item is
required and that itwas mistakenotto include it in prior proposals.

I intend to accept the proposal as modified. I believe that I need your blessing before formal
acceptance,

I have a problem with the timeframe. Before we actually have an executed contract and start
work it is the end of the month.The ABS budget has increased and the work required from me
is increased by virtue of the ‘Risk Assessment Evaluation”. I may need an extension of time,
say 3 months, with respect to overall completion.

Because of the increased ABS budget and the increased requirements 1 may want to move
monies from the HPA budget to the ABS budget. I presume that I can do that because this is
within the same work item.

Please review the attached for acceptability.

Sincerely yours

Z=+jz=

Jens Korsgaard
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1. Mooring System

The present mooring system is a single point mooring attached to the keel of the moored
vessel. The mooring buoy is held fimly to the bottom of the vessel by differential
hydrostatic pressure. A structural tivei is built into the mooring buoy that permits the
moored ship to weathemane in relation to the mooring chains.

‘!!.

Pressure maintenance pumps abo~d the vessel maintain the differential pressure. These
pumps take suction within the volume isolated by the top of the buoy and the hull of the
vessel.

1.1 General Arrangement

The fimction and basic general arrangement is explained in the previous section. Single
point moorings are typically moored to the seabed through a series of radially deployed
catenary mooring lines te~inating in drag anchors or stake piles in the seabed. This
standard arrangement is illustrated on Fi~re 1-2 (Hydrostatic Mooring General
Arrangement – 2).

A special mooring system has been developed that take advantage of the unique

/’”

#
properties inherent in the present mooring system as shown on figvre 1-1 (Hydrostatic
Mooring General Arrangement – 1). This system is comprised of a series of he
weights that are lified by the excursions of the mooting buoy. When the buoy deflects
horizontally the connecting chain is bent over a fairlead in the top of the stake pile.
In the proposed system that is specifically designed for the water transport system at
Askelon Israel six stake piles are provided. Tb system maintains a higher fraction of its
initial capabilities than the traditional system shown in Figure 1-2 when one mooring line
fails.

Because of the small amount of chai#h is not a significant economic penalty to oversize
the mooring chains to compensate for the Wear that till occur at the fairlead. It is the
intent to frequently inspect the system and to replace chain and fairleads when significant
wear has occurred.

This is the preferred system ptily because of significant mst reductions and partly due to
its much superior force deflection characteristics as illustratedin figures 1-4 and 1-5.

The graph in Figure 1-3 depicts the chain force as a ii.mction of the horizontal excursion
of the vessel. Because the chain force is supplied by a hanging weight it is nearly
constant. It is, however, modified above the fairlead by the filction in the fairlead. The
present calculation is based on a Elction coefficient of 10’%as being the steel on steel
friction coefficient. Figure I-4 shows the resulting component of the chain force for a
single chain. There are six chains, therefore the actual mooring force is six times the
force shown on Figure 1-4.

,’, I
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The principal buoyancy is provided in an exterior near toroidal shaped ring beam. This
ring beam serves three main purposes:

1, It protects the mooring surface of the buoy against vessel impact
2. It sewes as the main buoyancy and trim volume in the buoy
3. It provides low-pressure air storage tanks for the rapid ascent system used in the

mooring process.

This is shown in more detail in figure 1-5. The ring beam is in the shape of a 12-sided
polygon. Each side of the polygon is protected against ship impact by a 2 meter long
standard cylindrical ship fender 1400 mm by 700 mm as shown in more detail on Figure
1-6. Later in this section an analysis is presented showing that this level of fendering is
sui%cient to protect both the ship and the buoy against damaging impact during the
mooring and the unmooring processes. .- / /—

1.2 Compression Elements

Figure 1-5 also shows the main

~

compression elements between the buoy surface and the
ve~sel hull. These are comprised of a series of Trellex Morse Fender bar units deployed
in a radial pattern as shown. Because of the density offender bars they may for
computational purposes be treated as a continuos surface. The force capacity of the
fender bars is 54 tonnes or 530 kN per meter. There area total of 360 meters of fender
bars on the buoy surface. The total theoretical capacity of these units are to resist a
a total compressive force of 191,000 kN ( 19,500 tonnes). The maximum possible
compression is obtained when absolute vacuum exists above the buoy while submerged

;,“

,,

,,

to it; deepest submergence. The area within the outer seal ring is 346 m2.

~tifi~w-po~i~
‘L

{
In the case that the pressure above the buoy is Oabsolute th differential load is 35
tomes/m2 resulting in a total load of 12,100 tomes. The mooring load is at most applied
8 meters below the fender surface. Assume 600 tonne - then the resulting moment is 4800

I

. tomes meters. The fendering circle ring has an OD of 8.5 m and an ID of 10.5 m. The
section modulus of thk ring is pi/32*(18.5A3-10.5A3) 508 m3. The resulting pressure
differential is 4800/508= 9.45 tomes/m2. The allowa Ie is the difference between the
stress resulting from 12,100 tomes and 19,500 tonnes, r 21.4 tonnes per rn2- esl c

L @fj~ei&( ht-~j
This margin is required to cope with the ship’s bottom being out plane. The total “
allowable stress is 19,500/346= 56.4 tonnes/m2. The allowable margin is 21.4 – 9.45 = <

11.9 tonnes/m2 or 21 VOof the filly allowed deflection. Since the allowable deflection is
150 mm the system can cope with 2*0.21*150= 63 mm out plane deviation within the
mooring area. Note, however, that from a practical point of view significantly higher out
of plane deviation would at most cause some minor damage to the fender bars, and this
only in the event that fill vacuum, maximum submergence nd fill horizontal mooring
force all occur simultaneously. r I
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1.3 Sealing Units

The sealing units contact the keel plating in the ship and impede the flow of water from
the sea to the volume in which the low pressure is maintained. There are two annular
seals an inner and an outer as for example illustrated in Figure 2 in the Brief~rview.

f

6 /7A -@’
Beta e tfie pressure 1smaintained low above the buoy through continuous removal of
wate the seals need not be perfect- Rather, their fi.mctionis to impede the water flow
sufficiently that the pumps may reliably maintain th ressure above the buoy.

1?
lou$

Figure 1-6 shows an outer sealing element. This sealing elements must be capable of the
following:

{

3
. To maintain contact with the hull for all pressure differential ranging from a low 50

kPa to a high of 350 kPa.
. To maintain sealing pressure in the presence of unevenness of the hull.
. To be able to deflect without damage when a maximum impact between the buoy and

the vessel deflects the exterior fenders filly.
. To be able to slide on the bottom plating of the vessel without damage.
. To resist safely all possible levels of differential pressure
. To provide the highest practical level of sealing.

A range of materials were investigated and the result was that the steel unit shown on
* figures 1-6, 1-7, and 1-8 was the only unit that was able to fidfill all crireria. Figure 1-7

shows in more detail how the unit pivots. Figure 1-8 shows the structural make-up of an

L
exterio unit. R ~k~k.d -*4 4 p?-c.~kkd /~

iThe sealm~~~~;
E.A~ + *-J Ce.&&./

. .
e seated in “boxes” at t dge of the buoy. Each “box” holds one

sealing unit. The sealing unit fits loosel and is prevented from sliding out by
a tab on the underside. The curveds the top of the unit is bolted on after
the unit is placed in the “box”. Th me 25 mm apart along the
perimeter. A special Trelle laced in a continuous ring above
the units and is bolted onto by bolted on angle irons. On the
exterior and below the sea ous robber sheet made flom
conveyor belting. This m en the sealing element f ~.d A pr

The conveyor belting wo ting differential pressures in be~~k’
excess of 1000 kPa in this application. Thus there is no issue with the structural strength
of the rubber sheet. Both the robber sheet and the extmded fender will be stretched when A ~ ~~/
the sealing ring is depressed. However the stretch is less than 5’XOwell within the
capabilities of these elements. /~~c4 i-i @ bf

The sealing elements are cantilevered. The purpose of the cantilever is to make it possible
~-

k
for the sealing element to deflect vertically and also to have the hydrostatic pressure
differential increase the sealing pressure as the pressure differential incre es.

L

.4 F
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Figure 1-8 shows d exterior sealing element. The interior Sealing element is similar,
however, the taper is in the opposite direction. In consequence the “box” design is with

1
parallel sides and the unit also has parallel sides for the part that is placed within the
“box”
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To: SUCTION MOORING TECHNOLOGY Date: 9

Attn: Jens Korsgaard Fax No: 212

?

Fax No: 609

From: David Lorenz Branch code:

File Ref: 101 4/DBL~ W PID

July 1999

629 444)6

9369373

862o3

#

Panarih Approval
{

Mr. Kors~a&d;

Please find attached our proposal for concept evaluation of the hydrostatic mooring.
Also please find attached our terms and conditions.

If you have any questions, please call- I took forward to hearing from you.

Best regards,

David B Lorenz
Principal Engineer
Project Manager
Offshore I%gineering Department
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PROPOSALFORCONCEPTEVALUATION ,

!i,
L

07m9/99

PROPOSAL FOR
CONCEPT EVALUATION OF HYDROSTATIC MOORING

FOR SUCTIONMOORINGTECHNOLOGY .

GENERAL

The American Bureau of Shipping (ABS) proposes to conduct a Concept

Evaluation for Suction Mooring Technologyfor their Hydrostatic Mooring System. This
,,

evaluation wiil consistof a Mooringreview, buoy structural review, standards review, risk

analysis review, and applicable mechanical systems review. A final reportwill be issued

at the completion of the study.

DISCUSSION

The Hydrostatic Mooring system proposed by Suction Mooring Technology is basirxdiy
an underwater buoy that is raised to a position underneath a ship or barge and is

attached and maintained by hydrostaticpressure to the bottom of the hull.

This system can be used to oonnecta tanker to an underwater pipeline or PLEM in order
to transfer water, oil or gas to eitherthe tanker or from the”tsnkerto the shore.

Therefore, in order to evaiuate thisconcept,the follow”ngmust be reviewed:
1. Mooring System

2, Buoy mechanical and structuralcomponents

3. Shipboard mechanical and pipingcomponents
4. Control systems

5. Risk review due to potentialpollutionhazards.

In addition,a list of proposeddesign standards, suoh as ASME, ANSI, or othersmust be

iisted and evaluated.

SCOPE OF WORK

Mooring Evaluation

The mooring wiii be evaluated by reviewing

calculations and two sets of model tests. This

, Wti e=minin~ @ methodologypresented in the calculations, the calculations

,.,,

the mooring design
review will consist of

# (e”
Page 1 of 5
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PROPOSAL FOR CONCEPT EVALUAllON

themselves for completeness and accuraoy, a review of the design

loads, and a review of the mooringsystem for one specific sea-state and

vessel.

A reportwillbe writtenfor this WOAand incorporatedinto the final report.

Buoy StructuralEvaluation

The buoy structuml elements will be exemkd for adequaoy against the

proposed loads imposed both by the mooting system and by the vessel.

The loadswill be taken from the mmxfng analysis and hydrostaticsuotion

loads in both symmetricand non-symmetricloading cases.

This review will be for one specified sea state and one specific vessel (the

same that is proposedfor the mooringstudy).

A reportwill be written for this work and incorpomted into the final rapat.

Meohanlcal and ControlEvaluation

The piping, mechanical and control systems will be rdewed to insure

that the opacities and machinery are su-~le for their intended use.
They ~il also be reviewed to ensure that they have the capacity to
performadequately in the chosen ew”ronrnental condibm.

The control system will be reviewed with respeot to “* logic end
components.

A reportwill be written for this work and incorporatedintothe final report.

‘Risk AssessmentEvaluation

I

, A risk assessment protided by Suction Mooring Technology w.11be
I reviewed to determine the risks associat~ with the operation of the
I system. This analysis will be examined to en.wre that the risks to

personnel,the vessel and buoyand the environmentare minimized.

~ A reportwill be writtenfor this work and incorporatedintothe final report.,.

Page 20f5
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i
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07109199
~
/,,!

Standards Evaluatbn
~.L:
; ,,

The various standards for the components and the design criteria will be ,,

examined to ensure that they are Suitable for marine use and are suitable

for this application.

A reportwillbe written for this WO* and hcorpo~dd into the final report.

ProjectManagement.

Since the review of this concept cuts across many disciplines and

departmentswithinA% the prqect will be assigned a projectmanager to

coordinatethese effotts and to rnak”esure that the pq”ectis delivered on

schedule.

The projectmanager will ako act as tiaisonvdththe customer.

SUBMITTAL REQUIREMENT=

The following dnaw”ngs,drawings and calculati~s must be submitted to ABS for the
wodcto be completed.

Mooring Evaluation
MooringCatcu!ations
Model Test Reports
Design /kumptio~

Environmentalconditions
Derivationof loads

Buoy StructuralEvaluation
StructuralDrawings and Plans
Structuralcalculations, includingderivation of loads

Mechanical and Control Evaluation
Piping Diagrams

Liit of Equipment
ControlLogicdescriptionor diagram

t

Page 3 of 5
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07/09/99 {

Risk Assessment Evacuation
t

Failure Mode and Effect Analysii or other suitable risk assessment
,.
.’ I

technique. ,. I
,’,

,,

Standards Evaluation
:,

A list of standards (ANSI, ASME, AlSC, etc.) to be used in the design and I
the selectionof equipment.

.,,,I
SCHEDULE

The Evaluation will be completed 6 weeks after the delivery of the final do;timents by

Su@-onMooringTechnology.

COSTS

l%e followinghours will be necessa~ to complete this project

TASK

Mooring Evaluation

BUOYStructuralEvaluation
Mechanical and Control Evaluation

Risk Assessment Evaluation
Standards Evaluation

Project Management

Final Report
TOTAL

Hours
60

40

40

24

included above
10
16

=0

..

ABS Fees for these bout’swilt be at a rate of $105.00 per hour, making the total for the

project $19,950.00.

TERMS

Payment for these services is to be made in two (2) Installments. The first payment of
SO% of the fee ($9,975.00} is due upon acceptance of this proposeJ and prior to the

commencement of work. The remainder of the fee must be paid priorto the issuance of

the final report.

P22ge4 of 5
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07/094’99

The work dewribed andpficedin Misproposal includes onesubmmal only. Inthe

event that m-submitia!s afe required, his WOk will be additional and billed at the rate of
$105.00 per hour,

The standard ABS Terms and conditionsare attached..

Page 5 of 5
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lERMSAtUDCONDITIONS

1. ABS SERVICES

a)

b)

c)

d)

e)

The work shallbedonned solely~der the terms Md conditions of lhii Ag==nenL andmy primedterms
or conditions found m other documents wed to irnplermnt this Agreement shall be void and shall not affect
or extend any rights or obligations under this Agreement nor createany ncw rights or obligiitkms.

In performance of this Agreement,AM slmll be and remain, at all times, an independent contractor ‘and
neither ABS nor any of it. officers, employees, servants agents or subcontractors shall be or act m {he
employee, servant or agent ti any other pm heretoin i~sperformanceof any of the terms and conditionsof
this Agremnerlt,

AU work performed on behatf of flag tini.strations shall be governed by the terms and conditions of this
Agreement unless the flag administration specifies otherwise.

Client shall verify to ABS that the rnatexi<alsand componentsintended for ckmification or certificationmeet
therequirementsof the Rules by producing certificates for such materials andcomponents.

Jf any part of the vessel’s construethm is auhcontracted Client shall provide ABS with the namesof the
subeontraetor(s), and address of the Subcontractors site(s), and shall pr&Me the Mxxmtraetora with correct
and adequate information regarding A.BS requirements and any statutory requirements. ABS SNI be
entitled to rely on certificates provided by such subeonmrs as it would rely on Client’s certifimtes.
Client stands suretyfor the acts aud * of tis dcontraetors. The cost of services at a subcontractorare in
addiiion to those stated in seetion 3a), andwillbe billeddirectly to the subcontractor.

2. PAYMIiNT CONIXHONS

~,.

a) Fees are to be paid in two instaihnents as described in the proposal, unless alternatearrangementshave been
agreed upon by both the Client andABS.

b) Unless otherwise directed by American Bureau of Shipping, all fees are to be remitted upon receipt of
invoice in U. S. Dollars to Amxiean Bureau of Shipping, P.0. Box 201614, Houstq Texa.. 77216-1614
U.S.A. by check and shall refer to the AIRSissued invoice number. Wire transfers maybe made thmu~
TexasCmnn-wrceBank, Houston,Texas77252-8025 U,S.A.,account number OO1O-O88-8I8O.

c) Unless otherwise provided by Agreement or prohibited or nxtricted by law, interest will be charged at a rate
of 1 112%per month on any amounts not paid within 30 days from invoice date.

d) llc Client shall be liable to ABS for the payment of all charges including but not limited to court costs,
expenses andreasonable attorney’s f= incurred in collecting sums due ABS, and ABS may takejudgment
for the entite amount due. Paymentto anyoneother than ABS or its authmiixxl agent shall not be deemed
payment and shall be made u~piayor’s sole risk,

I

!

,,

2,

,

. .

; .“

,,.

.-

,’

-,’

,’

?.

8.
:,

:,

,,

.

.

07/09/99 PRI 17:01 [TX/RX NO 68621

. - ,-—------- —--— . - - . ,, ..m..— .—-Z ,,. . . . . ..7— - .= ,., , . .. r---————- .-—-- --—- -...——



m BY:ABS ; 7- 9-99 ; 3:51PM ; OED (281-877-6796)+ 212629 4406:# 8/11 ~
:

x
* TERMSANDCONDITtONS

3. DEFAULT

k the event of a default in the payment of any fees assessed in accordance wjth this Agreernen~ABS shall have
the right to terminate this Agreement and c-se WOrk,as well as all plans, drawings, specifications, information
and reports in possession of AlIS, shall be s~bjmt to a lien for the payment of all fees {andexpenses due and
owing by virtue of this Agreement and the ter.mirmtionor default hereof.

4. ASSIGNMENT & SALI?

Any attempt to subcontnu% assign, delegate. sublet or ~sfer this Agreement witiout prior written naticc to
ABS shall at ABSS option renderthis Agm=nent void. ABS may deem the classification of any vessel canceled
upon the ve..sel’s sale or transferwithout priorwriflen notice to ABS.

If Client shall breaeh any provision hereof ~ shall become insolven~ enter voluntary or involuntarybankruptcy
or receivership proceedings, or wke an assiment for the benefit of creditors or should the vessel be arrestedor
sold at auction or at a Marshall’s sale ABS shall have the tight (without limiting any other rights or remedies
which it may have hereunder or by operation of law) to terminate LhisAgreement, whereuponAIM shall be
relieved of any and all further obligation hereunderand Client shall be liable to ABS for all resulting darnages.
ABS’S right to require Stict performanceof any obligatim hereunder shall not be affected by any previous
waiver, forbearanceor course of dealing.

5. CONHIXNTIALITY

$ubjeet’ to sections 3 and 4 -of, all PIW, drDw@s, spec~~~s and inf-m given to and reports
prepared by ABS in connection with perfommtweunder this Agrement shall be treatedas confidential by ABS
and shatl not be used for any other purposes b those for which furnished without priorwrittenconsent, except
as required by judicial order, govetnmenral otier or regulation, by snbpoena or by direetion of a governmental
agency with subpoena power.

By:signing this Agreemmt Client ZUMIorizeSns tOdMOSOto future owners, if any, the design mmrnptions on
which classification was based and, in accordance with the mCS Tmnsfer of Class Agreemen&to pruvide future
classif~cation societies, if any, wW any infcntnation,plans or calculations reasonably requested in connection
with theirclassification duties.

5. ACCF33S

ABS, its officers. employees, MXWX@,agenw or ~~~ontmtom s~I have access to all drawings,plans, records,
other items necessary to complete the quested serviees

Client shall provide ABS with the following documentation before issuance of a fall-term classi.ikwtion
cerrificakx

a) Plans and calculations requited by the Proposal

Pa@2c#5
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@ TERMSANDCONDt’MONS
*

7. NON-WAIVER AND SEVEWUHLITY

No waiver by either partyof any breach of my of the terms of this Agreement shall, bc construedas a waiver of
any subsequent breach, whetherof the same or of any other term he~f. If a provision of this Agreementis held
invalid all valid provisions thatareseverable Emmthe invalid provision nmain in effkc~

8. FORCE MAJEURE

Upon prompt notification of the ether pmty by f- telex or Ictterwmm~imtion, neither w hcmto shall be
liable to the other for default or delay in performing its obligations ltereunderif .SuchdefauIt or delay is -A by
fk, strike, riot, war, act of God, delay of carriers, governmental order or regukttions andlor any other tdrnh or
dilYerentoecurmnce beyond the reasonable cm~l of thc party so defaulting or delaying, exeqt thatcancellation
for such causes may not be made without reimbu=ment to AM for expenditures actually inettrredfor labor and
materials upon the authorityof this Agreementprior 10receipt of such notice.

9. m

This Agreement shall remainin fo~ Untilterminatedpu~t to the terms of this Agreement or by either client

or ABS upon thirty days’prior writtennotice.

10. RESPONSIBYLLTYAND IJABILl!I’Y

It is understood and agreed thatany repo@ statemeng notation of plan review or certificate (hereat?erreferredto
collectively as “cmtifieate”)issued as partof the services renderedunderthis Agreement is a representationsolely
to the signatory to dds Agreement and only m at *C time of survey the vesse~ s~ item of material,
equipment or machinery or any other item COwed by a Certifim has met une or mom of the Rul&sor standards
of American Bureau of Shipping and is issued solely for the use of ABS, it%committees, cliknts or other
aathorizd entities. ABS is not an insureror guarantor of the integrity or safety of a vessel or of any of its
equipment or machinery. The validity, applicability and inkxpretatim of a cmikite issued un&r he terms of or
in contemplation of this Ageement is governed by W hles and standfi of American Bureau nf Sl@ping who
shall remain the sole judge thenxf. Nothing contained herein or in such a certificate or in any report issued in
contemplation of such a certificateshall be deemed to relieve any designer, builder, owner, numufhetnrer,seller,
supplier, mpdirer,operator,in-r or other ent@ of my duty to insp or any other duty or warrantyexpress or

implied. Except for such entity, nothingin this Agreement ur in any cenificate or report issued under this
Agreement shall be deemed to create any interes%right, claim or benefit in any insurer or other thhd party. It is
understood and ‘agreedthat nothingexpressed herein is intend~ nr shall be construed to give any person, firm or
corporation, other thanthesignatories hereto and any identified “Owner”, uny right, remedy or claim hereunder
or underany provisions hereinContained,all provisions hereof are fur the sole and exclusive benefit of b Pw-ties

hereto.

11. LIMITATION

AIM MAKES NO REPRESENTATIONS BEYOND ~0= CONTAINED IN SECTIONS 1 AND 11
HEREOF REGARDING lTS REPORTS, STAT EMENTS, PLAN REVIEW, SURVEYS, CERTIFICATESOR
OTHHR SERVICES.

Paga3cd5
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TEKMSANDCONDITIONS

12. HOLDHARMLF~S

l%epartyrcqucating .wrvie=hereundcr, orhis~~orsucc=or ininte~agrees t.oAt?U~ABSand
to indemnify md hold harndess ABS from and aI@~ any and W Mlrn% demands, lawsuits or actions for
damages, including legal f-to persons andlor property, tangible intangible or otherwise whkh maybe
brought against ABS incidental to, arising out of or in connection tith this Agreernen~ the work to be
done, servicesto be performedor matetial to be furnished hereunder, exczpt for those elairns caused solely
and completiy by the negligence of ABSj iw agents, emploYees, fice% direetors or subcontractors. The
parties agree that for the purposes of the Convention on Limitation of J.&abilityfor Maritime Claims, 1976,
ABS is a pmm for whose acts the shipowner is rqonsibk

hy other individu~ eorporatio~ partnemhip or other entity who fs a party hereto or who in any way
participates in, is engagedin connectionwith or is a benefkiary of, any portion of the servkes deseribed
herein shall also rekase ABS and shall indemnify and hold ABS harmless from and against all claims,
demands, lawsuits or actions for damag=, fnclading legal fees, to persons and/or property, tangiblq
intangible or other- which may be brought agaimt AIM by any person or entity as a result of the
servicts performed pursuant to this AgreemenC except fOr time ckims caused sokly and completely by
the negligence of MS, its agents, employees, offlq directom or sulxontractors. Said individual or party
shall assert no claiq directiy or indketly, against M@.

13. AIUNTRATION

Any and all diffemees and dispytes of whataqevern*m arising out of this Agreement shall be put to srbitmtion
intheCity of New Yorkpumuantto the laws relating to arbitrationthere m force, before a bow-dof three ~soILs,

consisting of one arbitratorto be appointed by ABS, onc by ClienL and one by the two so chosen. The deeision
of uny two of the threeon rmypoint or points shall be fmsl. Until such rim as the arbitrators finally close the
hearings either ptiy shall have the right by written n~~e sen’ed on the *itxators and on an offieor of the other
party to specify further disputes or differences under this Agreement fw h-”ng and determination. The
arbitration is to be conducted in accordance with tic rules of the Sooiety of Maritime Arbitrators,~c. w
arbitratorsmay grant any relief other than punitive damages which hey, or a majority of tlw~ deem just and
equitable and within the soope of the Agreement of the parties, including, but not limited to, specific
performance. Awards made in pursuance to this clause may include costs including a reasonable allowance for
attorney’s fees snd judgment may he entered upon any awrudmade hereunder in any court having jurisdiction.
AT3Sand Client herebymutually waive any and all claims to punitive darnages in any forum.

Client shallbe requiredto notify ABS within thirty (30) days of the commencement of any arbitrationbetween it
and third parties which may concern ADS’S work in connection with this Agreement and shall afford AIM an
opportunity, at ABS’SSOICoption, to participatein the arbitration.

14. ‘i’lMliiBAR TO LEOALACI’ION

Any statutes of limitation notwithstanding, Client expressly agrees tiat it.. right 10bring or to assert agiiimt ABS
my and alI chirm, demands or proceeding.. whether in arbitrationor otherwise shall be w,aivedunless (a) notice

is m.ceived by AIM within ninety (90) days after Clienthadnoti~ of or shonld reasonably have been expected to
have had notice of the basis for such claims; and (b) arbitration or legal proceedings, if uny, based on such claims
or demands of whateverrim are commenced within one(1) year of the date of such notice to AIM.
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* ‘lBRMSANDCONDmONS

15. LIMITATIONOF LlA131LlTY

!l%ecombined liability of mefi=n BUMU ~ ~PP@ i~ mcm, emPIoY% agents or sdxxmtractm
for any loss, claim, or dawge *W fi~ xgent p=fo~m= or non-P@or’manu of any services
under this Agrccmcnk or from b-ch of my tiptied or Q- wa-nW of W’orkmadike performance in
coz”on with the servi% or from any ofir ~% to Cti=t or any otbcr perso% Corporation,
partnerstdp, business entity, sovereign, country or natiow will be limited to tbe greater of a) $100,000 or b)
an amount equal to tm tire= tie sum *1Y p~d for t- .serviI= allegedto be deficient.

‘I’heUmitation of liabilily may be increasedup to an amount twenty-five times that mm paid for sewices
upon receipt of Client’s wfif.ten ~qua at or before the tie ofp=form~ce of *M= and upon payment
by Client of an additioti fee of $10.00 for every $1,000.00 increase in the limitation.

w UNDERSIGNED PAR’ITJ=AC~O~E ~AT ALL OF ~ ~RMS m CO~~ONS CONTAINED
IN PAGES 1 THIUXJGH 5 HEREOF AND THE PRO~AL -m BEEN REVIEWED. THIS AGREEMENT
REWWMN1*SIHE HWIIKti lNTHGRATEDAGREEMENT BETWEEN THE PARTIES; THERE ARE NO OTHER
REPR.EiSEl$TATIONSOR ORAL AG~s. ALL SERVICES RENDERED IN CONNECTION WITH THIS
CLASSIFICATION AGREEMENT =E ~V~ED BY T% =MS AND CO~~ONS CONTAINED IIERWN.

N-of Client

(signed)

(’Tkle)

(Address)

AMERICAN BUREAU OF SHIPPING

Signmtrc
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Appendix G

EVALUATION OF THE MOORING BY THE
NAVIGATOR, CAPTAIN JAMES ATKINSON



-.

Captain James A. Atkinson
USCG @etired)

Marine Consultant -
4 l?ej.hamGreene West

Waynesboro, VA 22980
(540) 946-8237

Mr. Jens Korsgaard
President
Suction Mooting Technology
318 North Post Road
Princeton Junction, IW 08550

Dear Mr. Korsgaard

The week I just spent running simulated mooring approaches to your suction mooring
system in the ship maneuvering simulator at Nichols Advanced Marine was challenging,
stimulating, and a very satis~ing learning experience. I am impressed with your concept and
with how you have attacked its various aspects, and I could not help becoming excited by the
potential that it offers for liquid or gas transfer in exposed marine locations, even under harsh
conditions.

The past week of sirmdations convinced me that at.anlcer can be positioned very cIosely
over the submerged buoy under any combination of winds up to about ,50knots, waves up to 8
meters of si~tificant height, and currents up to *O knots. J.ndee~ I found little diffidence
between 40 and 50 knots of wind, and see no reason why currents higher than two knots cannot
be coped with without much difficulty.

The concept that I used most of last week is one I developed spec~lcally for your
moorings; I call it the balance-of-forces concept. It depends upon having an omnidirectional
thruster of sufficient thrust at the bow, which your sclwtion of the Elliott White Gill thruster
fhlfills, and the fact that your mooring does not restrain the ship to any particular orientation,
during the mating process, or once moored.

The bal,ance-of-forces concept includes achieving a balance of forces between currents,
on one hand, and wind and waves, on the other, when they are not from the same direction;

between propeller thrust and bow thru.stw, between propeller thrust and a combination of bow

thruster and the axial components of environmental forces; and between propeller-and-rudder

and bow tlmster vectors, Once an equilibrium heading is establishe~ where the lateral

components of current on one side are about equal to the lateral components of winds and waves

on the other, with the ship at or mar zero groundspeed, but whh bow thruster at or near 1 ~OOj

balanced against propeller thrust, permitting suf15cientpropeller thrust for effective steering, very
small imbalances in lateral forces are used to move the ship to port or starbosrd, achieved by
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VWYsmall heading changes; while very snmUimbalances in axial force, achieved mostly by
smaIl changes in thruster force, are used to move the ship very slowly ahead or astern. When all
the environmental forces are fi-omthe same directio~ propeller thrust is balanced against the
environmental forces, plus added thruster force, appiied to permit greater propeiler thrust for
improved steering, and to permit very slow fore-and-aft movement, mostly by va@ng the
thruster force. When there are little or no environmental forces, thruster vectors are worked
against propelIer and rudder for all movements until stopped, with the moon pool very close to “
the buoy; thence onc can either continue that scheme until mated, or simply stop and use the bow
“thruster to pull the moon poo~ over the buoy, with no regard for orientation.

This is the concept, To apply it requires a little practice in several specific tactics, and
that is bow J spent most of Isst week. To apply the tactics, I found it usefil, firs~ to work out in
my mind the precepts of shiphandfing fimdamentals that seemed applicable, in one way or
another, to this rm.neuvering concep~ Because it is virtually impossible to perform calculations
while shiphandling-a high-stress occupation by any measure-I also found it helpful to have at
hand a few simple reference tables, to help me in positioning the r-noonpool and in determining
the preoise moment to press the buoy-release button.

Since my involvement began, I have been developing a sort of manual for shiphandlers, “
including the concep~ the relevant precepts, and the reference materials that seem to be usefkl,
Initially, this document is for my own reference and review, itwillbe expanded to include
diagrams that can be used to indoctrinate others into the use of this maneuvering concept, and the
mating process. I will add a few approach plans, to assist in the deceleration process for
straightforward approaches, or in approaches where there maybe geographical or navigational
restrictions of one sort or another. This document could constitute the basis for site-specific or
ship-specific maneuvering rnanuak, should the need arise for such manuals.

In the course of last week, I managed to experiment with most of the tactics that I had in
mind for the bakmce-of-forces concept, but not all. On the final day, Friday, I did begin to
shorten up the approaches, by starting a blt cIoser in and decelerating more rapidly. I also took
one opportunity to try moving the ship more quickly sideways, by using thruster vectors angled
aft and to port, opposed to ahead propeller thrust and a hard-right rudder. It worked very well,
but 1need more practice with it, not only for moving the ship sideways while holding a heading,
but for stopping that movement by reversing those angles of force.

Early o% we found that a 15-tonne thruster is not strong enough for the candidate
150,000-cM ship, as ballasted, but that a 20-tonne thruster is sufficient. I also found that the
minimal rudder rate of the candidate tanker, 2.4° per second (tb.e least allowed by the
classification society), and the standard rudder, do not provide the steering response or rudder
authority that is needed, and their Iack costs considerable time in the final positioning. To
double the rudder rate is not usually a very costly provision. For more rudder force, a high-lift
rudder is needed. A flap-rudder, such as the Becker system, or a $chilling rudder would seem to
be a good choice.
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available for all but the first MO runs on Friday, and I believe they helped me significantly. That
day, I missed the mark on the first run; the remaining seven fell inside the 2.5 meter radius, but
not all on the first try. I believe a couple took three releases.

The expedience of the four days of meanin=gfi.dsimulation convinced me that it is
extremely difflcuk to make a proper mating when the larger waves of the wave spectrum are at
play. It is much better to wait for the smaller waves, which require that the moon pool be in the
proper place when they occur, Sometimes that takes a few minutes. And this is what is wrong
with simply steering to pass over the buoy while tic ship is moving ahead, you just have to &
lucky and miss the larger waves as you move across, if fairly large waves am in effect.
Otherwise, the approach is missed. But that tactic can be used in smooth seas.

On Friday, I also experimented with the use of thruster vectors in various directions whiIe
moving the moon pool over the buoy for the mating. Tfound tha~ with the autopilot set for a
heading that would keep the rudder hard-over in one direction, and with a propeIler thust that
was very nearly in balance with the external forces, 1could use thruster vectors both for fore-and-
aft and lateral movement, keeping the axial speed at or near zero by using tier angles a little
ahead or aft of abeam. But I also found that as the wave heights and their energies vary over the
wave spectrum, the ship accelerates both ahead and astern, sometimes too much to control by the
thruster alone, so it is sometimes necessary to tise propeller changes. In large waves, I found
considerable power changes usefbl, even necessary, i~time is to be saved.

In waves of any appreciable size, because of the accelerations, both negative and positive,
I found that equilibrium is not possible, so one has to settie for near-equilibrium balances, which
also work. But that is reality.

Another thing I experimented with on the last day or two was to initiate the approach up-

wind/up-wave, rather than up-current. What led me to do this was, first, the thought that this
would require Iess turning during the final phase of the approach and, second, that this approach
would hold the wind and waves at a smaller angle to the bow, which wou~d reduce the tendency
for the wind and waves to take over the steering, providing better steering as slower speeds in
high winds and large waves. It had become ckar.that in currents of no more than two knots, the
ship, at or near an equilibrium heading in high wind and waves, would be pointing considerably
closer to the wind and waves than to the current.

I found out very quickly that I could not steer adequately and at the same time take care
of coming the ship and all that that entails. Not having a human helmsman, I had torely upon
the autopilot, and that worked out reasonably wM. It might have worked a little better had I
been able to apply response tuning to the autopilot, as one normally can do with most autopilots.
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The simulator operators were understandably reluctant to tweak the autopilot, ~ they had no
knobs on the console for that purpose.

I learned a good deal in a week, But I do not feel 1have exhausted the learning
experience. Nevertheless, we did quite enough to convince me that the candidate ship, with a 20-
tonne omnidirectional bow thruster, can be mated with the suction mooring under all the
conditions we simdated. with improved steering, it could be done more efficiently. Smaller s
ships might be more probkrnaticai, as they tend to be more Iivcly in movement in a seaway.
Mass may be a probkn for shipharding, and it is, but it also has some advantages too.

Each site and choice of shuttle tanker needs to be simulated, to determine the design
fkatures related to navigation, maneuvering and mating with the buoy. Once the shuttle tanker
has been simulated and its maneuveringcharacteristics determined, the first masters shouid be
indoctrinated into the maneuvering concept and mating process, utilizing a simulator. This
should involve discussions, aided by diagrams, and simulations. To save on simulator time, a
day or two of d@.Ission should precede the simulator exercises. Then the simulator exercises
should be coached, with debriefings after each run. If I am to do the training, 1 would work up

~discussion guidelines and talking points. It might be a good idea to allow an extra day for the
first such session, to provide some extra time as the instruction scheme is refined for future use,

~ Eventually, I now believe, about five days will suffice, the first day being committed to
discussion of precepts and tactics, and possibly an introduction to the simulator, followed by four
days of simulation exercises, with a debriefing after each run.

In summary, the approaches and mating are cIearly f=iblc. The concept uses
fundamental shiphandling principles, but in a different way than one usually uses them in port, or
than is deait with in the texts. But it all is learnabie, and the Nichols simulator is an excellent
device for the requisite training.

,-

! .’

. .

Again, I enjoyed the challenge of this project. For your suction mooring system concept,
I believe its time has come.

Sincerely,

4
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ABSTRACT

EMsting systems for mooring offshore oil
production vessels of the ship type only permit the
mooring or tying up of the vessel in quite low
wave conditions. Virtually all existing systems do
not permit the vessel to moor in wave conditions
exceeding H= = 4.5 m. Most systems require
wave heights smaller yet to moor. This is a
problem in cases where frequent mooring
operations are required such as for shuttle tankers
and for disconnectable oil production or storage.
vessels moored in areas with a high incidence of
tropical storms. The wait for the waves to subside
following the storm causes additional production
losses due to the oil field being shut in.

A newly developed mooring system, the suction
mooring, promises to overcome this prob/em by
permitting the mooring of the vessels in wave
heights to at /east H= = 8 m. The principle of the
mooring consists of using the hydrostatic pressure
available at the keel of the vessel to press a
mooring buoy onto the bottom and holding the
vessel by the resulting friction. The action of the
mooring buoy is similar to that of a suction cup.

The pressure above the buoy is lowered and
maintained low by means of pumps aboard the
vessei.

This paper reporfs on model tests carried out to
prove the feasibility of conducting the mooring
operations in high waves. Three different
configurations of the mooring buoy were tested.
For two of the configurations it was found that the
mooring process could be carried out safely in all
wave heights tested i.e. up to H= = 7.7 m.

The impact upon offshore operations of this
capability was investigated by performing Monte
Carlo simulations on a hypothetical oil field in the
center North Sea and in the northern North Sea.
An actual center Norlh Sea wave record was used
in the simulations.

The suction mooring system was compared to two
other high performance mooring systems. The
results show that weather related oil field shut-ins
are reduced an order of magnitude by application
of the suction mooring compared to the other
systems simulated.

References, nomenclature, and figures at end of
paper.
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2 The Suction Mooring, A New Type of Offshore Single Point Mooring OTC 771 I ;

MOORING PRINCIPLE

The suction mooring principle involves mooring a
submersible buoy to the bottom of a vessel
utilizing differential hydrostatic pressure, in a
manner similar to a suction cup.

A mooring buoy is brought into contact with the
flat portion of the bottom of the ship either by
means of a retrieval line such as commonly used
for the Buoyant Turret Mooring (BTM) and
Submerged Turret Loading (STL) type mooring or
by means of reduced buoyancy utilizing a system
aboard the buoy to control the buoyancy.

The reduc~on in hydrostatic pressure above the
buoy is provided by pumps aboard the ship. A
bowthruster pump of the Omni-thruster or the
Elliott Turbo Machinery type having its intake at
the keel in the mooring area is used to achieve
the initial pressure reductions. This type of pump
has a capacity from 4 to 11 ~ /sec. When the
buoy comes into contact with the keel of the
vessel, it blocks the thruster pump intake. This
lowers the pressure above the buoy and is
causing the buoy to be pressed against the
bottom of the vessel.

As illustrated on Figure 1, the top surface of the
buoy is equipped with fenders and seals which
prevent damaging impacts between the buoy and
the vessel. After contact has been achieved, the
seals limit the leakage of water to the top of the
buoy to acceptably low values. The leakage rate
following the mooring is two orders of magnitude
less than the flow rate required to make the initial
contact between the buoy and the vessel. This
allows the bow thruster pump to be stopped after
the mooring has been achieved and the leakage
is removed using only pressure maintenance
pumps.

A typical buoy has a circular upper surface with a
diameter of approximately 20 m. Differential
pressures of 100 to 200 kPa are normally
achievable, resulting in a vertical attractive force
between the buoy and the vessel of 30,000 to
60,000 kN.

The horizontal mooring forces between the buoy
and the vessel are then resisted by the friction
between the buoy and the bottom of the ship.
Horizontal forces in excess of 10,000 kN maybe
resisted by this system.

APPLICATIONS OF THE MOORING SYSTEM “

The mooring system is applicable to ship type
vessels engaged in offshore petroleum production
such as floating production, storage, and
offloading vessels (FPSO), floating storage and
offloading vessels (FSO), and shuttle tankers
engaged in transporting the crude oil ashore.

It is also expected that the system will be
applicable to the ordinary maritime transportation .’
of crude oil and refined products employing single
point moorings.

MODEL TESTS

The new mooring system is presently under ‘
development and has in the development period
being considered for several offshore fields.
Specific designs were developed for an FSO for
the conditions offshore Liverpool in Liverpool Bay
in the UK. As part of this design process, model
tests were carried out at the Danish Maritime
Institute in Lyngby, Denmark to assess the
feasibility of mooring the FSO to a buoy based on
the suction mooring principle.

The FSO was a 125,000 dvvtvessel which had not
been selected. The model tests were carried out ‘j,
for a generic 125,000 dwt tanker with the .
properties listed in Table 1.

TABLE 1
VESSEL PARTICULARS

Loading Condition
Loadad Ballasted

Displacement (m’) 149,000 59,600

LPP (m) 258.3
B (m) 40.6
Depth (m) 21.9
Draft fore (m) 16.5 5.95
Draft aft (m) 16.5 7.95 ,,

/
—. —.. —.. .....—. .—-. .——..,,-. .-..- .-—.. —-. —. —.. -.-——.-...-— (. . . .. -.. —-. — “.,-,——.. -.--—.—.— —-.—



OTC 7711 Jens Korsgaard and Louis Hutter 3

The tests were carried out for two loading
conditions. Namely, a fully loaded vessel and a
ballasted vessel with a displacement of 0.4 times
the fully loaded displacement.

The tests had two objectives:

. To test the feasibility of mooring operations in
extreme wave conditions using the suction
mooring principle.

. To test a mooring in which the mooring legs
were partially made up from synthetic rope
instead of wire rope or chain.

The latter was necessary because of the shallow
depth of 30 m which did not permit the application
of chain and wire rope catenaries. If the mooring
system had been comprised entirely of wire rope
and chain, sufficient resiliency was not obtainable
without the application of buoys and sinkers in
each mooring leg to enhance the elasticity of the
mooring leg. The application of buoys and
sinkers would cause navigational problems in the
area due to the danger of the submerged buoys
coming into contact with the ship’s hull.

Only the tests performed for the first objective,
determining the feasibility of the mooring
operations, are reported in this paper.

TEST SET UP

The tests were conducted in the towing tank at’
the Danish Maritime Institute as sfiown in
Figure 2.

The tests involved the testing of vessels subjected
to combined wave, current, and wind. Due to
limitations in the test setup, only co-linear actions
of these forces were considered. Wind and
waves always acted in the same direction
whereas currents acted either opposite to or in
the same direction as the wind. The site has very
high tidal currents and therefore the vessel would
frequently be subjected to the winds and waves
going in one direction and the currents going in
the opposite direction.

In the test set up, this was emulated by having
the carriage travel through the towing tank at the
appropriate speed either toward or away from the
wave maker.

The tests were conducted in a scale of 1:50. The
towing tank has a water depth of 5.3 m. This
would correspond to a prototype water depth of
265 m. Therefore, in order to conduct the tests at
the shallow water depth at the test site of 30 m, a
false floor was erected underneath the towing
carriage as shown on Figure 2.

The leading and trailing edges of the false floor
represent abrupt depth change in the model.
This caused problems in modeling the waves
because the waves hitting the leading edge of the
false floor was partially reflected from the edge.
The same also took place at the trailing edge. It
was, therefore, necessary to experiment with the
setting of wave generator in order to obtain the
appropriate spectrum in the test area.

The wave conditions used are shown below in
Table 2.

TABLE 2
TEST WAVE CONDITIONS

~ &l&$
A 6.6 10.1 .
B 7.7 13.1 13.6
c 5.6 9.3 &37*

D 5.0 8.9 9.1
E 4.7 8.0 8.8
F 4.1 7.7 8.6

*Secondaty peak at 12.0 sec.

The wave maker was initially programmed to
make a Jonswap spectrum with a y factor of 3.3.
However, due to the distortions taking place at
the leading and trailing edges of the false floor,
the wave maker was ultimately programmed to
generate waves which caused the best obtainable
wave spectrum at the vessel.
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The model tests were documented through four
video cameras as indicated on Figure 3. In
addition, the mooring ropes and the retrieval line
were instrumented with strain gages. The wave
action was recorded by four wave gages, one at
the wave maker, one placed ahead of the test
area on the false bottom, and two wave gages
placed laterally to the test area on the false
bottom. The measurements from all these gages
were recorded on a computer with a frequency of
30 hertz and they were synchronized with the
video recordings.

Three different buoy configuration were tested.
Buoy configuration 1 is shown on Figure 4. This
buoy has an upward protruding 1/4 toroidal
“cone” to mate with a corresponding female
toroidal recess in the vessel. The buoy’s toroidal
surfaces were protected by ordinary cylindrical
dock fenders with a diameter of 1 m mounted
vertically. The exterior fender seal element on the
buoy serves as a seal after mooring and protects
against impact during the mooring process. This
was also a circular cylindrical fender with a
diameter of 1 m. The elasticity of the fendering
elements as not represented in the model. Rather
the exterior fender was represented by a rubber
hose having a diameter equal to that of a
compressed fender/seal element. The upward
protruding “cone” was not equipped with any
fender elements in the model. This buoy
configuration was equipped with a retrieval line.
The buoy was mated with the vessel by pulling on
the retrieval line from the deck of the vessel with
a constant force of 981 kN.

The dock fenders used were Bridgestone
cylindrical fenders 1,000 mm diam using rubber
type R1. The resulting maximum allowable ‘
horizontal impact velocity between the cone and
the recess was 0.81 m/see. The maximum
allowable vertical impact velocity between the
buoy and the vessel depends on the tilt of the
buoy at impact. The higher the tilt the smaller a
portion of the fender would be engaged and
consequently the allowable impact velocity
reduced. The allowable values are stated in
Table 3.

TABLE 3
ALLOWABLE IMPACT VELOCITIES

Allowable Vertical
Tilt of Impact Velocity

!3LK?Y I!ll!W
0.05 2.4
0.10 1.95
0.15 1.55
0.20 1.30
0.25 1.18 .

The second configuration of the buoy was a flat
top buoy equipped with an exterior fender/seal
element at a radius of 10 m from the axis of
symmetry similar to buoy configuration 1. This
buoy is illustrated on Figure 5. This buoy was
also brought into contact with the vessel by
means of a retrieval line pulled in by a constant
tension winch on the deck of the vessel. The
retrieval force in this case was also 981 kN.

The third configuration of the buoy, shown on
Figure 6, was equal to the second configuration
with the exception that the buoy was not fitted
with any retrieval line. Rather the buoy contained
an internal buoyancy tank which during the
mooring process was filled with air thereby
increasing the buoyancy of the buoy causing it to
rise in the water to contact the bottom of the
vessel. This retrieval system requires that the
vessel be navigated in such a manner that the
buoy is properly positioned relative to the vessel
during the mating. The positioning system was
emulated in the model by two elastic ropes which
were controlled by a technician during the test. In
this manner, the navigation of the vessel was
emulated, however, no ailempts were made to
make the emulation conform to any particular bow
thruster/propulsion system performance.

The configuration 3 buoy is equipped with internal
buoyancy chambers. The chambers were made
with a larger than specified diameter during the
manufacture of the model buoy. Therefore, the
buoy had a lower than intended metacentric
height. It was intended that the metacentric
height for the buoys with configurations 2 and 3
would be approximately equal. The actual
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metacentric height of the configuration 3 buoy
was very close to zero. Therefore, during the
tests, the buoy exhibited somewhat unstable
behavior. Nevertheless, as can be seen from the
results mooring and unmooring of the
configuration 3 buoy never resulted in impacts
between the buoy and the vessel exceeding the
capacity of the exterior fender.

The means of creating the suction on the vessels
was in the model two positive displacement
pumps pumping from a moon pool at a rate of
4.5 rr?/sec. A cross section of the moon pool
located 40 m aft of the forward perpendicular and
the emulation of the constant tension retrieval
winch is shown on Figure 7. Note that the pump
intake is located nearly flush with the bottom of
the vessel, therefore, when the pumps start
sucking air, the space between the buoy and the
vessel is still water filled. Atmospheric air has free
access to the mooring area. Therefore, in the
model, the lowest possible differential hydrostatic
pressure on the buoy is equal to the head from
the draft of the vessel. in the prototype the
mooring recess area will be closed to the access
of atmospheric air. Therefore, in the prototype
higher differential pressures can be obtained than
in the model.

MODEL TEST RESULTS

The model tests were made for two purposes.

. Assess the forces in the elastomeric mooring
arrangement.

● Assess the feasibility of the mooring and
unmooring process in high waves.

Only the second part is reported in this paper. A
total of 83 mooring and unmooring were
performed with the ballasted vessel in the model.
These were distributed among the three different
buoy configurations and the various wave heights
tested in the model as indicated below in Table 4.

Buoy
~
1
1
1
1
1
2
2
2
3
3
3
3
3
3
3
3

TABLE 4
IMPACTS DURING

MOORING AND UNMOORING

H, No. of Max. Impact
~
6.6
5.0
4.7
4.7
4.1
6.6
5.0
4.7
7.7
6.6
6.6
5.0
5.0
4.7
4.7
4.1

~
5
6
6
4
7
8
7
7
4
4
4
5
5
4
3
4

% of Allowable
258
<20
195
75

123
24
11
6

58
<lo
20
10
65

<10
38
5

The impacts between the buoy and the vessel
were analyzed by studying the underwater video
recordings frame by frame and determining the tilt
and position of the buoy in each frame. The
vessel model was equipped with a characteristic
mark on the side of the vessel enabling the
continuous determination of the relative position
between the vessel and the buoy.

By analyzing the frames on the video recording,
it is possible to determine the relative velocity
between the buoy and the vessel with a tolerance
of approximately 20 percent. This tolerance
translates into a tolerance of 40 percent on the
recorded energies. The most important results
from these tests is that the buoy with the upward
protruding toroidal mating cone suffered
damaging impacts for most wave heights tested,
i.e., H, = 4.1 m to H. = 6.6 m. The model buoy
with a flat top surface retrieved by a retrieval line
in no instance had impacts above 25 percent of
the allowable impacts for the selected fender.
The configuration 3 buoy was raised with
compressed air. This buoy had despite the low
metacentric height in all cases smaller than
allowable impact between the buoy and the
vessel. In the extreme case of ~ = 7.7 m, an
impact of up to 58 percent of the allowable impact
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was experienced. Also at a lower wave height of
H, = 5.0 m an impact of 65% of the allowable
was recorded.

Regardless of the method of retrieval the flattop
buoy can safely mate with the vessel for all wave
heights tested, i.e., from H, = 4.1 m to H= = 7.7
m. H, = 7.7 m was the highest obtainable wave
height in the test set up. It is likely that mooring
and unmooring can be performed in substantially
higher wave heights than those tested.

The navigation of the vessel to the buoy and the
maintenance of the position of the vessel relative
to the buoy during the mooring process was not
tested in this series of tests. These tests only
show that the physical process of bringing the
buoy into contact with the vessel and of releasing
the buoy upon departure of the vessel can be
safely done in the wave heights tested. Whether
or not the vessel can maneuver into the proper
position in high wave heights depends on the
configuration of the vessel propulsion and thruster
systems. These systems were not tested in this
series of tests.

The conclusion from the tests is that mooring and
unmooring of the flat top type suction mooring
buoy may safely take place in all wave heights up
to at least H, = 8 m.

OPERATIONS ANALYSES

The fact that the suction mooring buoys can moor
and unmoor in very high wave heights has
implications for the type of operations which may
be conducted offshore when planning for FPSO,
FSO, and shuttle tanker operations. To examine
the implications of this capability a series of Monte
Carlo simulations were performed for two
hypothetical oil production systems located either
in the middle North Sea or in the northern North
Sea in more severe environmental conditions.
The two hypothetical systems are illustrated on
Figures 8 and 9. The first system consists of two
buoys connected to an oil field with no storage
aboard the production vessel or platform. Two
shuttle tankers bring the oil to a port 500 nautical

miles distant. This system is compared with an
alternative system with a small storage and one
mooring buoy. The operation of the first system
is that whenever a shuttle ship arrives it ties up to
the idle buoy. At an appropriate moment when
the shuttle ship that was receiving the oil is full,
the production is switched to the second vessel
and the loaded vessel leaves for port.

The suction mooring (SM) system was compared
to two other shuttle mooring systems. System 1
(S1), capable of mooring at H. = 4.5 m and of
remaining on the mooring up to H, = 8 m. These
values have been derived from Reference 1.
Reference 1 claims a higher disconnect limit than
8 m. However, the highest wave height at which
the vessel can remain moored is also a function
of the cost of the mooring system. Therefore, for
purposes of this paper a maximum disconnect
wave height of 8 m has been selected for all
mooring systems that are capable of maintaining
the ship moored at that wave height or beyond.

Another shuttle mooring system System 2 (S2)
has connect limits of H. = 4.5 m and disconnect
limits of H. = 6 m. These values were derived
from Reference 2.

The corresponding values for the suction mooring
buoy are a connect limit of H. = 8 m and
disconnect limit of H. = 8 m. A common feature
of all three systems is that petroleum transfer can
take place at all wave heights in which the ship
can remain moored.

A record of the winds and waves from the central
North Sea was obtained for the purpose of
making a detailed operations analysis. The
record spans a continuous three year period.
The record consists of hourly measurements from
two different types of wave gages, a waverider
type wave gage and a radar wave gage. The
measurements from each of the two wave gages
were in general agreement. However, at any
specific time they might disagree by as much as
25 percent. For purposes of the Monte Carlo
simulations, the two records were unified by
taking the average value of the two wave
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recordings in each hour. At certain times the
record from only one of the two wave gages was
available. In these instances, the available record
was used for the value of the wave height. Small
gaps exist in the wave record where both gages
did not record any data. For purposes of
continuity in the simulation, these gaps were filled
in by a straight line interpolation between the last
recorded wave height prior to the gap and the
first recorded wave height following the gap.

Although the weather record also contains
information about the velocity and direction of the
wind, this data was not taken into account in
order to simplify the simulations. it is, however,
recognized that for certain combinations of winds
and waves, the wave height limits may be lower
than those utilized in the simulation.

The simulations simulated a hypothetical shuttle
tanker round trip of 500 nautical miles each way
to an oil receiving port some place in the North
Sea area. The speed with which the shuttle
tanker can transit to and from the receiving port
also depends on the weather. During high
waves, the speed of the vessel must be either be
involuntarily or voluntarily reduced. For the
purposes of this paper, it is has been assumed
that the oil tanker will have speed reduction
characteristics similar to the bulk carrier Mineral
Sering. The Mineral Sering was a 65,000 dwt bulk
carrier for which extensive speed reduction
studies were made in the late 1960s. The data
reported in reference 3 is the basis for the speed
reduction function utilized in the simulations. The
speed reduction function is given in Figure 10.

For purposes of the simulation, it was assumed
that the vessel was subject to the speed reduction
whenever it was within 300 nautical miles of the oil
field. The characteristics of the round trip for the
vessel is given below in Table 5.

TABLE 5
VESSEL ROUND TRIP

~ Se!@
Mooring 1.5 H
Loading variable*
Unmooring 0.75 H
Sail First 300 NM reduced speed
Next 200 NM 15 knots
Enter port 12 H
Discharge variable”*
Leave port 4H
First 200 NM 15 knots
last 300 NM reduced speed

* Maximum Loading Rate 150,000 bpd.
** Unloading Rate 40,000 bph.

It was assumed that the suction mooring system

and Systems 1 and 2 had similar times for hook
up and disconnect. While it is believed that the
suction mooring system is somewhat faster than
the other systems, the same times were assumed
for the purpose of having uniform conditions
among each of the tested systems in the Monte
Carlo simulations.

System 1, System 2, and the suction mooring
vessels were treated equally. They were all
assumed to have the same rate of transfer
between production equipment and the vessel
while moored in the oil field and having the same
characteristics when delivering the cargo in port.

The actual central North Sea weather record was
used in the simulations. No random events were
simulated in these simulations. It was assumed
that the hypothetical oil field was in production at
the beginning of the weather record and had a
constant production of 100,000 bpd throughout
the three years that the weather record lasted.
The results of the simulation were the
measurements of the lost production for each of
the scenarios simulated. An initial set of
simulations was made with the case of having two
buoys with no storage at the production facfities,
as shown on Figure 8. For this scenario, vessels
with a capacity from 350,000 barrels to 500,000
barrels were considered in 25,000 barrel
increments.
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A second production scenario, shown on Figure
9, was also simulated This scenario has only
one mooring buoy and a small in-line storage
between the production equipment and the single
point mooring buoy. The storage assumed for
these simulations was 15,000 barrels. The range
of vessel sizes was the same as for the two-buoy
case.

The storage basically permits continuation of the
production during the time it takes for the vessel
to unmoor and the following vessel to moor and
get ready receive the cargo.

Following the initial simulations, a series of
simulations was made for the one buoy case
using a constant size shuttle vessel of 450,000
barrels but, varying the amount of storage
available at the production facilities between Oand
120,000 barrels in 30,000 barrels increments.

In addition to the actual mid North Sea weather
record, a transformed record was made by
multiplying all the wave heights by 1.2 and adding
.25 m. In this manner, the wave record was
transformed in such a way that it acquired the
characteristics of a northern North Sea wave
record as reported in Reference 4. It is not
certain that the transformed record has the proper
persistence characteristics. However, for the
purposes of the simulations, comparing the
performance of the three types of mooring
systems, the northern North Sea weather is
adequately represented by the artificial wave
records so generated.

The wave conditions actually used are stated
below in Table 6.

TABLE 6
MID NORTH SEA WAVESTATISTICS

* Freauency
24.06%

1-2 36.13~o
2-3 20.58’%0
3-4 10.97”A
4-5 4.91%
5-6 2.16%
6-7 ().73%
7-8 0.27%
8-9 0.08?40
9-1o 0.06’XO

10-11 0.03%

The northern North Sea waves used are shown in
Table 7. Table 7 also shows the wave statistics
reported in Reference 4 for the northern North
Sea.

TABLE 7
NORTHERN NORTH SEA WAVE STATISTICS

Frequency Frequency

u M ~
o-1 8.29% 8.64~0
1-2 33.91 % 32. 16%
2-3 25.55~o 25.92%
3-4 14.93% 15.44%
4-5 8.71 % 9.1 2%
5-6 4.51 % 4.83%
6-7 2.35% 2.33%
7-8 1.04% 1.03%
8-9 ().as~o 0.42%
9-10 0.22% 0.16%

10-11 0.05% 0.06%
11-12 0.05% 0.02%
12-13 0.02$40 0.01 %
13-14 0.02% o

\

SIMULATION MODEL

The simulation model was written in the GPSSH
language. A simplified logic diagram of the
simulation model is shown on Figure 11.

184



OTC 7711 Jens Korsgaard and Louis Hutter 9

In contrast to the usual Monte Carlo simulation
models, this model had no random variations in it
at all. It was based on assuming that the process
simulated took place during the period at which
the actual weather record utilized was recorded.
In consequence, the results are simply the results
which would have been obtained had the specific
production scenario taken place during the period
of record. The results, therefore, do not
represent a statistical average but rather the
actual outcome of an assumed production
scenario taking place over the three years
covered by the weather record. The result which
was recorded in the model was the lost
production due to weather.

Other causes for lost production such as
downtime due to maintenance or malfunctioning
of the mooring, production difficulties, and
downtime or malfunction of shipboard equipment,
were not simulated. The results reported in this
paper are caused solely by the different mooring
limits that each of three mooring systems
modeled have.

OPERATIONS ANALYSES RESULTS

The operations analyses were in all cases made
on a hypothetical field producing a constant
100,000 bpd oil throughout a three year period.

Figures 12 and 13 show the results from
simulation of the case of two mooring buoys, no
storage and two shuttle tankers. The only
storage, in the system is the shuttle tanker
moored to a buoy. The size of the shuttle tankers
were varied in 25,000 barrel increments between
350,000 barrels and 500,000 barrels. The results
of the center North Sea simulation are shown on
Figure 12 and the results from the northern North
Sea simulation are shown on Figure 13. In both
cases, the lost production when utilizing the
suction mooring systems is 20 to 25% of the
nearest competing system.

For the case with only one buoy and two shuttle
tankers, but with a storage of 15,000 barrels at
the oil production facilities, the performance was

somewhat better than for the two buoy case.
Figure 14 shows the center North Sea resultsand
Figure 15 shows the northern North Sea results.
In this case, the suction mooring has production
losses 10 to 20% of the nearest competing
system.

The effect of varying the size of the storage was
examined for the case of having one buoy and
two 450,000 barrel shuttle tankers.’ The results
from center North Sea for as little as 30,000
barrels storage at the oil production facilities,
shown on Figure 16, show that the lost
production for the suction mooring case is
negligible whereas the S1 and S2 systems show
losses in the order of 300,000 to 800,000 barrels
per year. For the northern North Sea case,
shown on Figure 17, a storage at the oil field
facilities of 30,000 barrels resulted in the suction
mooring system causing losses of approximately
150,000 barrels per year whereas systems 1 and
2 experienced well in excess of 1 million barrels
per year losses.

These simulations indicate that in general the lost
production due to weather outages could be
reduced by approximately one order of magnitude
by application of the suction mooring compared
to the competing mooring systems simulated.

NOMENCLATURE

bpd =
bph =

LPP’
B=
H. =
TZ =
TP =
NM =

Barrels per day
Barrels per hour
Length between perpendiculars
Breadth
Significant wave height
Zero crossing period
Peak period
Nautical miles
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operdio~ts, ‘l%e .Ely&ostcdic

kde@4ate, limited,dmjferousad

expnsifxfi[oorhgj system i5

Suction Mooring Technology

Offshore Mooring Systems

What Other
Mowing Systems

Offer Yau

.

Costly downtime due to ~~eather

conditions.

Retrieval linesandhawsem between

the tanker and the mooring device

that snag and break.

Weather-related downtime costing

millions of dollars per year.

Mechanical connectors that fail and

delay successkd mooring and tanker

departure.

Personnel and vessel hazards such

as line handling, tugboats, hawsers,

winches and other equipment —

elemen~ that are always required to

operate current mooring systems.

The need for special vessel

maneuvers during routine and

emergency departures.

The po:ential for explosions,

Unprductiv~, Jengthy and

dangerous mooring and release time.

Expensive maintenance vessels.

The potential for pollution.

Expensive vessel retrofit and fit-out.

What Will the
Hydrostatic Mooring

System %#erYuu

i% Matter theWeather

E When the tankercan operate it can

moor to the Hydrostatic Mooting

System. And opemtions will not be

limited, curtailed or abandoned

when sea states reach Hs above S

meters. Only the Hydrostatic

MoorirIg System is capable of safely

and effectively handling tanker

mooring in these extremes.

E! There is no-weather-related

downtime typical among competing

systems. This unique ability may.

allow you to recoup the mooring

costs within months.

Saf&ty First

All mooring operations are

remotely controlled from the

bridge of the tanker.

The Hydrostatic lvfooring Sysrem

can be safely released under

maximum weather stresses.

Unlike other mooring devices, the

Hydrostatic Mooring System

presents no risk to passing vessels.

Even the deepest draft vessels pass

safely over the Hydrostatic

h400ring System’sresting position.

——. .—.—. . .— .. ———.



The fluid transfer equipment in a

Hydrostatic Mooring System is

continually immersed in water

mitigating any chance of explosion.

The f-iydmstatic Mooring System is

virtually risk free and eliminates

hazardous elements.

ljgj~ti~gqg ~as~ Speed

la

E/

$!

The speed of the Hydrostatic Mooring

System is ext~aordinary,The entire

mooring operation lasts only nine

seconds —a key requirement for

mooring in extreme wave heights!

Unmooring lasts only three minutes!

C)bvioudy tanker productivity–

particularly on short shuttle run; with

less than 24 hour sailing time — is

unpamlleled, due to the Hydrostatic

h400ring System’sextreme efficiency

of operation,

Classification Society
Rule Compliance

B The Hydrostatic Mooring System

complies with all current ~assification

Socicw rides includin~

~ The American Bureau of Shipping
.
‘RI.& for Single Point Moorings:

1996

x The American Bureauof Sh[pping

“Rulesfor LInderwater Vehicles,

Systems,Hyperbaric Facilities’ 1990

KJnpYecedenteci
Performance and

Performance

Monitoring

mThe Hydrostatic Mooring System

residesbelow the surface,belowthe

keel of the deepest draft vessels. Its

strategic pfacement reduces suwival

condition loads. Yet, the Hydrostatic

Mooring System easily surfaces upon

command. (Seefip J)

Ail maintenance is done on the

surface with light duty vessels.

Any storm a tanker can weather, the

Hydrostatic Mooring System can

weather too. Unlike other mo&ing

systems, the Hydrostatic Mooring

Syxem continues to operate in the

most severe conditions,

The cost to mod@ a tanker to accept

the Hydrostatic Mooring System is

5 to 10timeskss than the modification

costs associated with other high

performance mooring systems.
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Unprecedented
Performance and

Performance Monitoring
Cont9d

H

9

B

.——

.

The Hydrostatic Mooring System

reduces time or-tstation because it offers

the lowest possible hydraulic power

consumption in the piping w~!m..

The Hydrostatic iMooring System has a

greater capacity to carry risers than

other submerged mooring systems,

increadng the range of water depths

and riser diameters. .,

Monitoring by Differential Ceo-

Positional Satellite Systern’(CPS)- .,.

automatically warns yciu of desi&t limit

violations as yell as immediately

revealing any anchoring component

failures, allowing you to take a&ion.

before damage OCCUB.

Erwirmrmntal ~esponsibility

The Hydrostatic Mooring System

isolates fltiidcouplings from the ocean.

The Hydrostatic Mooring System

maintains a low pressure in the mooring-

tanker inte+ce, allowing ocean water to

flow toinid the mooring preventing

Ie+tng fluidsfrom e5caping.

~e”fluid ~ivel is loc+ted on the tanker

@rther re~ucing the potential for fluid

to escape, -.. . . . ..

~tar&d Constmdion -

■

m

.,

The Hydrostatic Mooring Sys~em is
. . . .

comprised entirely of proven standard

corn~onents, reacMy availabl~ [rorn a

nu,mber.of different-oil indust~ -
,’

suppliers.

Me installation of the Hydrostatic

~400ring System is the same as an
,.

ordinary single point -mooring. -The

required constkction spread depends

somewhat cm locaL conditions,.~ut

*&cally involves titie vessels,

anchor handling vessels agd-dtving
,.’

iupport vessels, :
.
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