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Abstract

The aim was to give guidelines on how to properly moor a ship to another ship at sea. In the thesis
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different stages of the mooring- preparing the ship for STS mooring, different types of mooring lines
and fenders, acceptable and not acceptable weather conditions, good areas for ship-to-ship
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experience, and technical data about the fenders and mooring lines. The interviewed persons were
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Abbreviation glossary
STS- Ship-to-ship
M/V- Motor vessel
MARPOL- The International Convention for the Prevention of Pollution from Ships
MEPC- Marine Environment Protection Committee
SSW- Summer Salt Water
CPP- Controllable Pitch Propeller
TCLL- Thousand Cycle Load Limit
PE- Polyethylene
PP- Polypropylene
SMS- Safety Management System
AlS- Automatic identification system
ECDIS- Electronic Chart Display and Information System
HDG- Heading
ROT- Rate of turn
NM- Nautical mile
PPE- Personal protective equipment

VHF- Very High Frequency



1 Introduction

Mooring ship-to-ship is not so-called standard operation for many types of ships. The most
often the oil tankers are mooring to another ship, but ship-to-ship operation are done on
the bulk carriers too. This thesis will cover especially the mooring of 16690 GT General
Cargo M/V Kallio, from preparations to alongside, including types and characteristics of the
mooring lines and the fenders. The thesis is limited to type and the size of the vessel with
the specific maneuverability, mooring lines, and fenders. The research is conducted in a

series of three ship-to-ship operations, interviews, and internet research.

1.1 Research question and motivation

How to do STS mooring operation, properly and safely?

| decided to do this thesis in the summer of 2021 when | was working on M/V Kallio as
Watchman Deck. Then we had a series of four ship-to-ship operations, which was
something new and interesting for me. Before the first ship-to-ship operation, | started to
do my own research, about how is the operation executed and what are the differences
between “normal” mooring to the shore. There was quite much information about the
ship-to-ship operation of tankers, but very limited about bulkers. This was because only the

tankers are required to have a ship-to-ship operational manual.

“Ship to Ship Transfer Operations are described with the standards of MARPOL Annex |,
Chapter 8, as amended by Resolution MEPC.186(59): Prevention of Pollution during
Transfer of Oil Cargo between Qil Tankers at Sea, Regulations 40, 41, 42.” (IBITCON)

“The regulations apply to oil tankers of 150 gross tonnage and above engaged in the
transfer of oil cargo between oil tankers at sea (STS operations) and their STS operations.

The regulations shall not apply to bunkering operations.” (IBITCON)

Despite that, there was no obligation for the ship to have a ship-to-ship operational

manual, In the Safety Management Manual of the company Ch.13 Operation and
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Navigation App. 17 were instructions about the ship-to-ship operation and the procedures.

(See appendices)

1.2 Delimitation

This thesis will focus on mooring ship M/V Kallio to another ship for topping operation. The
thesis can be used to general knowledge of what is ship-to-ship operation and why is this
operation done. But it will be specified on characteristics and mooring equipment on M/V

Kallio.

1.3 M/V Kallio General information and Ship Particulars

— o
B _@ ESL Shipping

KALLIO

Built 2006 Beam 2488 m Cranes Three electro- hydraulic cranes SWL 375 mton
Shipyard Shanghai Edwards Shipyard, China Moulded depth 1350 m (heol WL 25 mton with 12.5m” grab.

Grab 28m
IMO number 9319064 Draft 9.40 m SSW
Holds 2 double skin cargo holds
Class. DNV +1A], General Cargo T™C 3510 mt
Hold dimensi
Ice class 1A Super Helght wi-hc inballast 9,00 m SOt
o men rarott trom koet not. 46.90x20.00x14.20 metres
a9 Finnis Alrdraft from kee 4430m 12858 me s 44 080 cbtt
port Helsinki Main engine Sulzer, 9,720 kW at 120 rpm noz 46.90X20 0041420 metres
owr 21,353 Bow and aft thruster Bow 850 KW and Aft 670 kW 13,078 m*/ 461,850 cbft
T /NT 16,690 / 6,548 esel ators eac
&T/N 90 / 6,5 Auxiliarios 3 diesel generators 900 kW each Deck load 2t/
Cubic capacity 25,036 m*/ 915,921 ebft Classification Det Norske Veritas
ey Tanktop strength 14 mt/my
LoA 15926 m P and| club Gard
Lepp 14800 m Hatches Electro hydraulic hatches folding type

Particulars are given in good faith but without guarantes.

Figure 1: M/V Kallio vessel details picture 1 (ESL Shipping, 2021)



M/S KALLIO

Details
OWNER ESL Shipping Ltd.
BUILT 2006 by Shanghai Edwards Shipyard, China
CLASS Det Norske Veritas +1Al
ICE CLASS 1A Super
CALLSIGN oJaJ
IMO NO 9319064
PORT OF REGISTRY Helsinki, Finland
HOLDS 2HO [ 2 HA
- Three electro-hydraulic cranes SWL 37,5 mton (hook), and 25 mton
GEAR with 12,5m?2 grab |
- Self-discharge capacity of coal 1 000 mton/hour
- Qutreach 28 m
MAIN ENGINE Sulzer, 9 720 kW at 120 rpm
THRUSTERS One bow thruster (850 kW) and one stern thruster (670 kw)
Dimensions
DWT 21 363 mt
CUBIC CAPACITY 25936 m?
TPC 35.10 mt
GT/NT 16 690 / 6 548
LOA [ BEAM 159.26 m [ 24.88 m
DRAFT 9.40 m SSW

Figure 2: M/V Kallio vessel details picture 2 (ESL Shipping, 2021)



Figure 3: M/V Kallio Safety manual, Ship particulars (ESL Shipping, 2014)




1.4 Overlook of ship-to-ship operations

There are mainly three reasons for performing ship-to-ship operation- topping, lightering,

and salvage operation.

Topping operation is when a ship is loaded while at anchor. This is done because the ship
to be topped is too big to enter the harbor at all or she can not take the full cargo capacity
because she will get too much draught. In this case, is loaded as much as possible in the

harbor and after that is topped at convenient anchorage.

The lightering operation is the opposite process of topping. During lightering operation, a

ship is being fully or partly discharged to smaller vessels.

The ship-to-ship salvage operation is performed when a ship is aground. Then the ship is

partly or fully unloaded in order to make the ship afloat again.

The first ship-to-ship operation in Finland was done in 1981.

In 1981, Kontula and Alppila (3) performing the first ship-to-ship operations in Finland.

Figure 4: Ship-to-ship operation (ESL Shipping, 2019)



Figure 5: Ship-to-ship mooring from above. (IBITCON)

“A ship-to-ship (STS) transfer operation is the transfer of cargo between seagoing ships
positioned alongside each other, either while stationary or underway. Cargoes typically
transferred via STS methods include crude oil, liquefied gas (LPG or LNG), bulk cargo, and
petroleum products. Most of cargo operations are taking place between a ship and a land-
based terminal. Nevertheless it sometime can be useful to transfer cargo from one ship to
another in open sea and this is called a ship-to-ship operation. At that moment, one of
them will act as the terminal where the other one will moor. The receiving ship is called the

IH

mother vessel.” (Mavroudis)

“The STS transfer operations include:

The conventional or standard lightering process, where the discharging vessel is
fully loaded, while the receiving vessel is in ballast condition. (see Figure: Lightering

procedure);

The reverse lightering process, sometimes referred to as “topping-off’, where the
laden supply tanker discharges to a partially laden receiving tanker.

(see Figure: Reverse lightering procedure).” (IBITCON)

Lightering procedure Reverse lightering procedure

Figure 6: STS transfer operation. (IBITCON)


http://en.ibicon.ru/thumb/2/Pb3TYtNDMN1bPS4qf9-eQQ/580r450/d/abs-sts-1.png
http://en.ibicon.ru/thumb/2/kpPogVcslCxG21iBkfCJ9g/580r450/d/abs-sts-5.png

“In general, the STS transfer operation process can be divided into 5 phases as outlined in

the following table:

Phase 1. Pre-Arrival Planning: The Pre-Arrival Planning should be carried out before
any STS operations commence. The planning of the STS operation could be

performed by the ships operators and managers together.

Phase 2. Arrival: During the Arrival stage of the operation the two ships conducting
the STS operation should establish radio communication, and concur that all

operational procedures has been assessed and agreed upon.

Phase 3. Berthing: The Berthing phase of the STS operation consists of the
maneuvering and mooring of the two ships. For the maneuvering operation a

contingency plan should be in place to deal with any emergency situation.

Phase 4. Cargo Transfer: The Cargo transfer phase should only commence once the
two ships are securely moored. The Master should ensure that all the
recommended safety procedures in this plan are followed. A contingency plan

should be in place to deal with any emergency situations during cargo transfer

Phase 5. Departure: Departure is the last phase of the STS operation.” (IBITCON)

2 Mooring lines and mooring arrangement

2.1 Mooring lines in general
“Lines (or cables) used to secure a ship at a berth. Mooring lines should be arranged as

symmetrically as possible about the midship point of the ship.

Breast lines — Mooring lines leading ashore as perpendicular as possible to the ship fore

and aft line. Breast lines restrain the ship in one direction (off the berth).

Head lines — Mooring lines leading ashore from the fore end or forecastle of a ship, often

at an angle of about 45 degrees to the fore and aft line.
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Spring lines —Mooring lines leading in a nearly fore and aft direction, the purpose of which
is to prevent longitudinal movement (surge) of the ship while in berth. Spring lines restrain

the ship in two directions: headsprings prevent forward motion and backsprings aft motion.

Stern lines —Mooring lines leading ashore from the after end or poop of a ship, often at an

angle of about 45 degrees to the fore and aft line.” (Wartsila.)

“The main function of mooring lines is to hold a ship fast to her berth against the effects of
wind and current or other forces. If the mooring lines are adjusted properly, wind or current
loading on the lines is a static load. If you try to use a line to stop a moving ship, that is a
dynamic load. The difference between these two types of loads is significant and should be

well appreciated by the mariner.” (Brian Boyce, 2007)

“The function of mooring lines is to hold a stopped ship in place. Using mooring lines to
bring a moving ship to a stop is inherently unsafe. As you increase the size or speed of the
ship, or reduce the stopping distance, you increase the danger. Lines can be effective in
removing very small amounts of way, but it is vital that the lines be checked (slipped a little
at a time) to increase the stopping distance and slow the rate of deceleration. This is

especially important when using low-stretch lines.” (Brian Boyce, 2007)

2.2 The mooring lines of M/V Kallio

When the ship was built on all drums were installed Taizhou hongda 7 strand Nylon
Compound mooring lines. The diameter of the line was 50mm and the breaking strength
was 567,7 kN. TCLL Value is 52%. The biggest disadvantage of this rope is that it is not

floatable.

From 2016 the mooring lines started to be replaced with new ones. At the time when the

research is being conducted 8 of 13 mooring lines were replaced.

The new lines were Tipto-winchline 7 strand PP/PE Bi-constituent fiber. The diameter was
50mm with breaking strength 512 kN. There were many advantages of the new lines. They
were built from Polyethylene (PE) and Polypropylene (PP) which make the rope floatable.
The rope was covered with jacked which increases the crew’s safety by minimizing the risk
of snap-back and providing a better grip. Additionally protects the core for a longer service

line. The rope is yellow in color with orange yarn, which reduces the chance to stumble on
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it. The winches of M/V Kallio were self-tensioning - this line was made especially for self-

tensioning winches. Tipto-winchline TCLL value 70.7%.

“Insight into the fatigue performance of ropes may be provided by the Thousand Cycle Load
Level (TCLL) value —an accelerated fatigue testing method developed by the Oil Companies
International Marine Forum (OCIMF). TCLL expresses the maximum percentage of the
nominal breaking strength that a rope can be cycle loaded 1,000 times, tested under strict
conditions. Put simply, the TCLL value expresses the rope’s resistance to tension-tension
fatigue. The higher the TCLL value, the greater the resistance to high loads or tension-

tension fatigue.” (Rope selection, 2021)

The replaced lines are marked with red color on the mooring ropes register below.

Figure 7: Mooring ropes register (ESL Shipping, 2021)



Figure 8: Certificate of mooring rope Taizhou hongda 7 str. 50mm.




Figure 9: Certificate of mooring rope Tipto-winchline 7 str with jacket.




13

TIPTO®WINCHLINE

A dedicated floating winch line developed especially for self tensioning winches. This load-bearing 7 strand core
combines high strength and relatively low elongation. The non-load-bearing braided jacket provides protection of
the core for longer service life, and increases crew-safety by minimizing the risk of snap-back. The mooring
efficiency of the vessel is enhanced by the ease of handling of the rope due to its low weight and ability to float.
TIPTO® WINCHLINE does not lose its strength when wet.

SPECIFIC GRAVITY
\_.'-‘\-
0,93 (floating)
UV-RESISTANCE - COLOUR
very good \ yellow
)( ABRASION RESISTANCE MARKER YARN
)( very good orange
CHEMICAL RESISTANCE
& good
B. MELTING POINT
approx.140°C
%h’ CONSTRUCTION
Sl 7 strand + jacket

TCLL VALUE
70.7%

WATER ABSORPTION
0%

ELONGATION
8,5%

A3 SPLICE
yes

olil-lolol:

Figure 10: Tipto-winchline 7 str characteristics.

TIPTO®WINCHLINE

Figure 11: Picture of Tipto-winchline 7 str.
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2.3 Fenders

“Floating Pneumatic Rubber Fenders is a fender which is made of synthetic-cord-reinforced
rubber sheet with compressed air inside to enable it to float on the water and work as the
absorber between ship to ship, ship to berthing structure when they come alongside each
other on the water. The design and selection of floating fenders can be confirmed as per

the maximum energy absorption of specific conditions.” (Evergreen marine, 2013)

On M/V Kallio there were in use 4 pc. Evergreen Floating Pneumatic Rubber Fenders with
diameter 1.5m and length 3m. This type of fenders are also called Yokohama fenders.

Before to start approaching the fenders were placed symmetrically on the port side of the

ship.

Figure 12: Yokohama fender prepared for lifting. (Martin Kralev, 2021)
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On some ships instead of Yokohama fenders, they have big truck tires, but for M/V Kallio

the Yokohama fenders were a better choice.

“We have Yokohama fenders, some vessels have big truck tires. | have experience with
both, but the Yokohama fenders are more elastic and bigger we have covered bridge wings
with windows, so we need to keep bigger distance. If the vessel is rolling and we go too
close there is a risk that the wings will hit each other, and the windows will break. At least

for this vessel, the Yokohama fenders are better.” (Jansen, 2021)

“The truck tires are not so flexible, and the other thing is if you are close to the other vessel,

you do not have much back up for the listing.” (Thomasson, 2021)

3 Preparing the ship for ship-to-ship operation

The first thing is the ship to arrive in the topping area. The topping area is decided by the
company. The area should be suitable for STS operation, it should be anchorage with tight
gripping seabed because both ships are anchored with only one anchor. One of the best

grip is provided by the soft muddy seabed.

“The area is decided by the company. Is it Raahe roads, Lulead roads, Kotka roads. | can
decide inside the area. But in Raahe we have to stay outside the territorial waters.” (Jansen,

2021)

When the ship is in the topping area she has to be prepared for STS operation. The ship’s
fenders should be placed and secured on the side of the ship. Usually, it is the port side of
the ship because the ship’s own cargo cranes are on the port side and the ship is loaded or
discharged by her own cranes. The fenders are put on their positions just before the
approaching. It can be done at anchor or underway, but it should be in relatively good

weather.

“If there is too much swell it is dangerous to lift the fenders. It is really important for the
crane driver to drive carefully, if they swing too quickly the fender can move “like hell”. “

(Thomasson, 2021)

In the video, you can see how the fenders are installed by the crew.



Preparing fenders for STS. + voice
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Figure 13: Screenshot of the video Preparing fenders for STS. (Martin Kralev, 2022)

Video 1: https://www.youtube.com/watch?v=1495xni457k

Link to video 1. Preparing fenders for STS. (Martin Kralev, 2021)

During lifting the fenders everyone should be with PPE. It is very important for everyone

involved to recognize dangerous and safe areas.

4 \Weather conditions

The state of the weather has a crucial impact on the whole operation. During all stages —
preparing, approaching, mooring, cargo transfer, and the cast-off, the weather should be
within acceptable limits. It is very hard to deal with the weather because on one side it is
always safer to wait for better weather, but you can not wait forever. If you start the

approaching and it is canceled at some stage then you have more problems to deal with.

“We have to monitor the weather forecast. We can compare between the official paid
service from the finish meteorological institute forecast and the Windy for example. But
what you see from the window is the real case. My thumb rule is wind 12m/s and 1m wave,
that is the limit when we are approaching. When we are alongside it can be a little more.
One meter already starts bumping in and out, then you have a risk that the lines will break.

You have to be very careful and keep an eye on the lines all the time. And monitor the


https://www.youtube.com/watch?v=1495xni457k
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weather forecast on the internet, it is quite good nowadays. But it is better to go one hour
later than earlier because you have to wake up the crew and then if you are not able to go
alongside you have to go out and then you have to think about the rest hours of the crew.

So, it is better to go alongside a little bit later than too early.” (Jansen, 2021)

When the ships are moored together the weather should be monitored very closely. If the
waves become too big the ships can start bumping each other and the mooring lines can

break. The other tricky moment is when is the right time for cast-off?

“The right time to cast- off is of course before the lines are broken. But if there is a little
cargo in the hold and there is a risk for the lines you can try to manage to stay alongside
because if you cast- off it may happen to wait for one day for the next possible spot to go
alongside. But if it is in the middle of the operation, it is better to cast-off earlier than late.
If needed you can take more lines from the other vessel, but you have to do it on time
because if it starts to move too much is too late. When the waves are going in between,
the vessels start to go out and in and it is very hard, even if you have all lines they will

break.” (Jansen, 2021)

“If the weather is on the limit we can cast-off or we can take extra lines from the other

vessel and hope for the best, but it is risky.” (Thomasson, 2021)



Acceptable and not acceptable weather conditions
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Figure 14: Screenshot of the video Acceptable and not acceptable weather conditions for

STS. (Martin Kralev, 2022)

Video 2: https://www.youtube.com/watch?v=Z2c4E0dQSdBk

Link to video 2. Acceptable and not acceptable weather conditions for STS. (Martin Kralev,

2021)

One way of separating the not acceptable waves from the acceptable waves is the crest of
the wave. If the crest of the wave becomes white the waves can be counted as not

acceptable.

5 Approaching and mooring

5.1 Approaching
The approaching is the most challenging part of the STS operations because if it is not
executed properly the vessels can collide with each other.

First of all the approaching should begin with the proper angle of approach.

“If the vessel is already waiting, they are facing the wind because here in Kotka roads is not
much current. Then is easy to approach, the vessel will be steady, and you just go alongside

slowly from aft. But in the areas where is a strong current the vessel will have heading to


https://www.youtube.com/watch?v=Zc4E0dQSdBk
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the current and the wind is from the side then you need to check how much is the wind, so
you do not go too fast and collide with the other vessel. If you are waiting for the other
vessel to drop the anchor you have to wait more, it takes time to become stable. If you go
too early, it may happen that she is still veering and searching for her position. If she is
coming too fast you have to go away, then you do one round and approach again when she

is more stable. That has happened sometimes.” (Jansen, 2021)

5.2 Mooring

When the ship is at a good distance is time to pass the spring lines and the position of the
vessel to be checked. Passing the spring lines and connecting them to the bollards is a very

difficult and dangerous operation too.

“Mooring to a vessel is harder, because the other vessel is at anchor, and she is moving
when you go alongside. There are fenders on our side, the line that we send can be caught
up by the fender, you need to check this time by time. Because the captain is maneuvering
at the same time you need to make sure that the line will not go to the propeller. You have
to slack only when it is needed. It is different on the pier, there when the captain is
approaching it is in only one direction, after that you can give the ropes. But in ship-to-ship
he might approach, then he might go astern there can be plenty of maneuvers just to go

alongside.” (Gaitan, 2021)
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Approaching in STS. sub + voice

Created with
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Figure 15: Screenshot of the video Approaching in STS. (Martin Kralev, 2022)

Video 3: https://www.youtube.com/watch?v=jkP GJAeDBO

Link to video 3. Approaching in STS. (Martin Kralev, 2021)

In the video is shown how the approaching and mooring with the spring lines are practically
done. The purpose of the approaching is for the ships to get close enough, but not to
collide. On the left side is the view from the bridge on the right side is the screen of the
ECDIS. The brand of the ECDIS is SAM Electronics. On the ECDIS is visible the own ship and
the vector of the own ship. The direction of the vector shows the direction of movement
of the ship and the length shows the speed of the ship. On the top left side of the screen,
you can see the ship’s HDG, ROT, Speed, and course. On the bottom left side is the range.
At the beginning of the video, it is 0.5NM. The small triangle on the left side of the ship is
the AIS target of the mother ship. The bridge of the ship is the referent point of the AIS
target. Inthis case, it is in the aft part. The actual size of the mother ship is bigger than our

ship.

When our ship arrived in the topping area the mother ship was waiting at anchor. In
advance, the mother ship was advised to drop her port anchor because we will moor to her

starboard side. Unfortunately, the weather was not acceptable for mooring and cargo


https://www.youtube.com/watch?v=jkP_GJAeDB0
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operation, so we dropped our ship’s anchor and waited for acceptable weather conditions.
Then the weather was within the limits we prepared our ship with the fenders on the port
side and sailed toward the mother ship. We came from the opposite direction, passed
behind her stern, and started to approach with a small angle. To match the desired angle
of approach the master used the CPP ahead and rudder to port or starboard. In the
beginning, the speed of our ship is 1.3 kn while getting closer the speed is gradually
reduced. When the shipis in the right position the forward movement of the ship is stopped
with CPP astern and bow and aft thrusters are used to make the ship to move to port.
Because the bow thruster is more powerful than the aft thruster, rudder to starboard and
CPP ahead can be used to make the stern move faster to port. At the end of the maneuver,
the ships are alongside with fasten spring lines. One forward spring line and two aft spring
lines are used. The aft spring lines are two because they are used to keep the ship in

position.

“On our vessel, the mooring arrangement is one plus four forward and two plus four aft.
We have two spring lines on the aft because when another vessel is at anchor the wind is
coming from forward to aft. So, the aft springs are taking the most of the tension.”

(Thomasson, 2021)

6 Communication with the crew of the mother ship

Communication with the crew of the mother ship is of extreme importance. Bad
communication and miss understanding can cause major damage to the ships, the

environment, and even the crew.

“Sometimes we have problems with the communication. We send the company safety
information beforehand. There are all procedures how we do and there we put our VHF
communication channels. Many times, we send the information via the agent but | do not
know if they really give it, many times they do not give the email address to us, so | have to
rely on. Many times, there are Indian or Chinese their English is very bad, so it is just to try
to communicate and get the cargo plan and try to agree on how it’s done. But many times,
is very good communication, no problems, we can agree on everything, and the process is

smooth. This also speeds up the operation.” (Jensen, 2021)
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“It is quite difficult to communicate especially when the crew of the other vessel is with
bad English. Sometimes we try to communicate by signals. Also, the captain on the bridge
can communicate with the officer on their bridge. Then he will pass the message down to
the mooring station. But if the other crew speak good English, it is not so difficult for us.”

(Gaitan, 2021)

7 Conclusion

In the thesis was shown practically how the STS mooring operation is executed. The
maneuvering of the ship by the master on the bridge and the commands to the officers on
the mooring stations. Additionally in the research was included technical data about the
mooring lines, fenders, and self-tensioning winches. The research can be used for general
knowledge about STS operations on all General Cargo vessels. But maneuvering, mooring

arrangements, and bridge equipment are specified for M/V Kallio.

The research found that the mooring set of M/V Kallio- self tensioning winches, 8 pc
floatable mooring lines Tipto-winchline with jacket, and 4 pc Yokohama fenders, improve

the safety and significantly increase the success ability of the operation.

Additionally, the safety on the mooring stations and reducing the chance a mooring line to
be caught by the propeller or bow and aft thrusters can be achieved by replacing the 4

original Taizhou hongda mooring lines with floatable Tipto-winchline with jacket.
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