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1 PROCESS AND PROGRESS OF THE INVESTIGATION

1.1 Summary of the Accident

The fishing vessel Nikko-maru set sail from the Kugurizaka Fishing Port, Aomori City,
Aomori Prefecture at approximately 02:00 hours on April 5, 2008, with seven persons aboard in
addition to the captain, for the purpose of harvesting a scallop farm, and, having harvested the
farmed scallops at the scallop farming facilities off the shore of the same fishing port in Mutsu Bay,
was returning to port when it sunk at approximately 03:44 hours killing all eight persons on board.

1.2 Outline of the Accident Investigation
1.2.1 Appointment of Investigators

The Japan Transport Safety Board (JTSB) took over this accident investigation from the
Sendai Marine Accident Investigators' Office on October 1, 2008, and appointed an investigator-in-
charge as well as one marine accident investigator to carry out the investigation.

1.2.2 Collection of Evidence
April 18, 25, 2008: On-site investigation
May 19, 20, October 2, 20, 2008: Interviews



September 9, 2008: collection of questionnaire

1.2.3 Tests and Research by Other Institute
Analysis into the stability of the Nikko-maru in regards to this accident was entrust to the
National Maritime Research Institute.

1.2.4 Comments from Parties Concerned
Due to the fact that all hands perished in this accident, comments from the captain and crew as
parties relevant to the cause of the accident were not taken.

2 FACTUAL INFORMATION

2.1 Events Leading to the Accident

On the day of the accident, according to interviews with the captains of the five other consort
ships that left Kugurizaka Fishing Port with the Nikko-maru (hereafter, these captains are referred to
as Captains B through F, the five ships as Ships B through F, and the Nikko-maru as Ship A) and the
responsible persons at the Fisheries Cooperative Association (hereafter, the FCA), the way in which
this accident occurred was as follows. Note that the hull of Ship A was investigated and the GPS
plotter was discovered by the Aomori Coast Guard Office, but the route of the ship could not be
traced.

2.1.1 Leaving port

At approximately 01:50 hours on April 5, 2008, Ship D left port from its anchorage at
Kugurizaka Fishing Port, Aomori City ahead of the other five ships starting at 02:10 hours, Ship F,
Ship B, and Ship C left port, and finally Ship E left port at approximately 02:30 hours.
Ship A, with seven people on board in addition to the captain, left this port and, according to
interviews with FCA personnel, headed towards the fishing grounds (scallop farm facilities) around
2,100 m north-west from the Kugurizaka Port Western Breakwater Lighthouse.

2.1.2 Arrival at fishing grounds (operation commencement)

With the exception of one ship, Ship E, that got lost along the way, the remaining four consort
ships took approximately 10 minutes from leaving port to arriving at the fishing grounds.

According to interviews with Captains C and F, Ship A carried out its operations by using the
crane that was normally carried on board to pull up a chain*1 of 10-15 pearl nets (basket: see Fig. 2)
with scallops from the port side, bring them inside, and load them on its deck.

2.1.3 During operations
According to the interviews with the captains of the five sister ships, during the operations
winds grew strong and the waves grew high, with a north-westerly to south-westerly wind of 3 to 10

"I A“chain” refersto a string of around 10 pearl nets on a branch line.
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m/s, and waves from the west about 1 to 3 m in height. Due to the worsening sea conditions, four of
the six ships stopped operations, with the exceptions of Ship A and Ship F.

According to the interviews with Captains C and F, Ship A raised up a branch line on which
one mainline of pearl nets was hanging and loaded it on board. According to the supervisor of the
Kugurizaka branch of the Aomori City FCA, Ship A’s scheduled loading amount on the day of the
accident was between 2.5 and 3.0 tons (one mainline worth).

According to interviews with Captains D and E, it takes about 1 hour to 1 hour and 10 minutes
to load one mainline worth of pearl nets.

2.1.4 Leaving the fishing grounds (operation close)

Captain B was the first to return to port, but at approximately 03:15 when Ship B left the
fishing grounds he saw the lights of five ships, including Ship A. Captain E saw Ship A bringing in
its pearl net at approximately 03:10. Later, Ship E was the last to leave the fishing grounds after
Ship A, and entered the Kugurizaka Fishing Port at approximately 03:40. By 03:40, five of the
consort ships had returned to port, but Ship A had not yet returned.

Captain C believed that Ship A had stowed a crane when she was empty, but since it always
swung its crane out when she was at the fishing grounds, he believed that it swung the crane out on
the opposite side of the catch to maintain balance. Captain E believed that Ship A always had its
crane swinging out when it returned to port, so that Ship A had the crane out to maintain balance.

The time and date of this accident were approximately 03:44 on April 5, 2008, and the location
of the accident was in the vicinity of 1,600 m north-west of the Kugurizaka Port Western Breakwater
Lighthouse.

(See Fig. 1: Kugurizaka Fishing Port, the Fishing Grounds of Ship A and its Consort Ships, the
Discovery Location of the Sunken Ship A (outline map)
(See Fig. 2: Standard Scallop Farm)

2.2 Injuries to Persons

According to the coroner's report, all eight crew members on board Ship A died from
drowning. Additionally, as noted in 2.10.2 below, none of the crew was wearing lifejackets at the
time of discovery.

2.3 Damage to Vessel
There was no damage to the hull of the sunken Ship A.

2.4 Crew Information
2.4.1 Captain of Ship A (hereafter, Captain A)
(1) Gender, age, and certificate of competency
Male, aged 74 years
First class boat’s operator / Personal water craft’s operator
Date of issue: Sept. 11, 1975
Date of revalidation: Jan. 27, 2005



(Valid until Dec. 16, 2010)
(2) Fishing career and others

Captain A was the representative director and union president of the Aomori City FCA.

According to interviews with FCA personnel, Captain A was a 50-year veteran of fishing, had
worked as a director of the Aomori City FCA since his 30s, and was a leader of the local fishermen,
admired by all.

2.4.2 Information Regarding Other Crew Members

According to the questionnaire from the Kugurizaka branch of the Aomori City FCA, of the other
seven crew members, one was a full-time fisherman, and the other six were part-timers.

According to interviews with FCA personnel, the six part-timers were regulars.

2.5 Vessel Information
2.5.1 Particulars of Vessel

Fishing vessel registration number AM2-5270

Base port Aomori City, Aomori Prefecture
Affiliated FCA Aomori City Fisheries Cooperative Association
Owner Individually owned

Gross Tonnage 5.1 tons

LxBxD 1455 m x 3.09 m x 0.83 m

Hull material FRP

Engine Single diesel engine

Output 59 kW (Fishing Vessel Act horsepower value)
Radio installations A3E 1W (27 MHz transceiver)

Date of launching August 10, 1986

Fishing Type and Purpose Gathering seaweed and set-net fishery

(See Fig. 3: General Arrangement of Ship A (outline plan))

2.5.2 Fishing equipment

Ship A was equipped with a crane (maximum lifting capacity: 500 kgf; Maximum operating
radius: 8.0 m, fully rotational, total weight: 700 kgf) with an extendable boom in front of the
wheelhouse and one electric roller aft of the wheelhouse on the port side.

2.5.3 Speed capabilities, etc.

According to interviews with the captains of the consort ships, the maximum speed of Ship A
was between 30 and 35 km/h.

According to the shipbuilder of Ship A, Ship A was designed so that the central part of the hull
was extended 0.70 m over the standard model and added a wheelhouse over the engine room.

2.5.4 Loading status

According to materials released by the Aomori Coast Guard Office, at the time of the
discovery of the accident, Ship A had one mainline with 440 chains, roughly 4.5 tons in weight
carried on board.



According to interviews with the captains of two consort ships of a similar tonnage to Ship A
(Ships E and F), when pearl nets attached to one mainline are stacked evenly both port and starboard,
the height above the deck for their ships is between 1.5 and 1.7 m. Also, the captains reported that
the nets are stacked to ensure that they do not pile up only on one side and so that the crane can be
stowed during sailing.

According to the result of questionnaire from the Kugurizaka branch of the Aomori City FCA,
the total combined weight of all eight crew members of Ship A was 0.54 tons.

2.6 Meteorological and Sea Conditions
2.6.1 Observations of the consort ship captains

Combining interviews with the consort ship captains, the conditions were as follows:
At approximately 02:00, the time of departure on April 5th, the wind was south-west at 2 to 3 m/s,
and the wave height was 0.5to 1 m.

When four of the six ships that left port ceased operations at between 02:40 and 03:30, the
wind was north-west to south-west at 5 to 10 m/s and the waves were from the west at a height of 1
to3m.

Additionally, the weather was cloudy with occasional rain or snow for brief periods, but the
visibility was not impaired.

2.6.2 Observation data by the Aquaculture Institute, Aomori Prefectural Fisheries Research Center
(1) Aomori Buoy (anchored location: North 40° 55.20” East 140° 47.41°)
Water temperature 1 m below the sea surface as of 04:00 on April 5th: 7.53° C
(2) Eastern Bay Buoy (anchored location: 41° 06.25’N 140° 57.77°E)

Date / Time Wind D|reqt|on Wind Velocity Temperature
(True bearing)
03:00, April 5th 252° 10.3 m/s 6.4°C
04:00, April 5th 306° 12.3 m/s 3.8°C

Additionally, the current rate from 04:00 on April 5th to 15:00 on April 7th, calculated based on the
hourly current rate measurement values at a water depth of 15 m at the Eastern Bay Buoy, was a
maximum of 0.12 m/s and a minimum of 0.01 m/s, with an average of 0.06 m/s.

2.6.3 Advisory and coastal wave analysis chart issued by Aomori Local Meteorological Observatory
(1) Advisory
The announcement at 17:57 on April 4th was as follows:
Tosei Tsugaru*?: [ongoing] Strong wind and wave advisory
Wind: Until the evening of the 5th: South-west wind
Maximum wind velocity: On land: 13 m/s
Waves: From late on the night of the 4th to before noon on the 5th, with a peak on the morning of
the 5th

2 “Tosei Tsugaru” is a regional division name of the Meteorological Agency and refers to Aomori City

and East Tsugaru-gun (Hiranai-town, Imabetsu- town, Yomogita-village, and Sotogahama- town).
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Wave height™: 3 m
Additional notes: Gusts, hail
(2) Coastal wave analysis chart

According to the coastal wave situational map, the waves were from the west-south-west at a
height of 2.2 m and the wind was from the west-north-west at a speed of 17 kn (approx. 8.8 m/s) at
09:00 on April 5th on Point X on that map, relatively close to the accident site (Tsugaru Strait
(Japan Sea side): 41°10°’N 139°50’E).
(Refer to Fig. 4: Coastal Waves Situational Map (as of 09:00 on April 5th))

2.6.4 Observed values at the accident site according to materials released by the Aomori Coast
Guard Office

(time of observation: 05:40,announced at 09:45, April 5th):

Weather: cloudy, west wind at 13 m/s, swell of 3 m, visibility of 4,000 m

2.6.5 Observed values of the Nationwide Ocean Wave information network for Ports and HArbourS

(NOWPHAS)

The significant wave periods in Aomori Port on April 5th were as follows:
Observed Time 03:00 03:20 03:40 04:00
Significant Wave Period 3.0s 2.7s 2.6s 26s

2.7 Wakes Due to Large Vessels and other vessels

According to the Kugurizaka branch of the Aomori City FCA, since the area in the vicinity of
the accident site contains scallop farming facilities, there are no conducts of large vessels or high
speed craft, and thus no wakes from them.

2.8 Information Relating to Vessel Operation Management and other subjects
2.8.1 Related applicable laws

According to Article 32 of the Ship Safety Act, fishing vessels of less than 20 gross tonnage
(those that operate exclusively in seas not more than 12 nautical miles (M) from the coast of Japan)
do not fall under the jurisdiction of the Ship Safety Act, consequently Ship A was not required to
have lifesaving equipment on board, nor were any stability criteria or similar matters applicable.

According to Article 1 of the Mariners Act, fishing vessels of less than 30 gross tonnage and
which fit the requirements determined by regulation, such as Ship A, are not applied by the Mariners
Act. However, Captain A was required by Article 23-2 of the Seaman and Small Craft Operator Act
(hereafter, the Seaman Act) to possess a Small Craft Operator’s License. Moreover, according to
Article 23-36 of the Seaman Act, articles of compliance for operators of small crafts are specified.
These include requirements for such provisions as making the crew wear lifejackets (Article 23,
Section 4). In Article 137 of the Seaman Act Enforcement Regulations, it is specified that lifejackets
must be worn when on the exposed deck of a small craft. However, this is not a mandatory
requirement, but simply an advisory regulation that advises the wearing of life jackets.

2 The predicted wave height is the significant wave height (the height of the waves over a given period

of time is measured and the average value of the height of 1/3 of the higher waves is taken).
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Furthermore, Captain A was an “entrepreneur” according to the Industrial Safety and Health
Act, and was legally required to implement risk prevention measures. Specifically of note is Article
531 of the Industrial Safety and Health Regulations. As a measure for workers (in this case, the crew
of Ship A) being transported to the worksite on a vessel, this Article required Captain A to take
measures to prevent risk from capsizing, sinking, and falling, such as the provision of life saving
equipment.

In Articles 11 and 87 of the Fishery Cooperative Act, it is specified that the FCA and its
Association may carry out projects related to the prevention of accidents or rescuing in the event of
accidents for crew members.

2.8.2 Safety management in scallop fishing vessel
(1) Determination of cessation of fishing or of operations

According to interviews with the captains of the consort ships, the criteria are as follows:

The decision whether to cease fishing in rough weather is made by the captain of each ship.
There are no particular pre-determined criteria for ceasing work, and the decision is made based on
each captain’s experience. When a decision was difficult, communication was occasionally made
with the ship that started fishing first to obtain local information as the material on which the
determination can be made.

The decision to cease operations when the weather turns rough during operations was also
made by each captain. There are no particular pre-determined criteria for ceasing operations, and
the decision was made from each captain’s experience.

At the time of clearing port on April 5th, since it was determined that the sea conditions were
such that there would be no problems in fishing, the six ships clear out.

However, since the meteorology and sea conditions deteriorated, four of the six vessels’
captains determined to cease operations partway through, and returned to port without having
reached their scheduled catch for the day. While operating, there were no radio communications
between the vessels.

(2) Roles on board ship

According to interviews with Captain E, the captain manoeuvres the ship, and the other crew
members carry out the work of withdrawing the pearl nets. A synthesis of the interviews with the
captains of the consort ships indicates that instructions, such as the method for raising the pearl
nets and the use of lifejackets, are given from the captain to the crew.

(3) Use of lifejackets

A synthesis of the interviews with the captains of the consort ships indicates that at the time of
the accident, five ships out of the entire fleet were carrying life jackets equal to at least the number
of crew on board, but only on one ship had the captain given directions that each crew member
must wear one.

There were two life jackets remaining in the wheelhouse of Ship A, but it is unknown whether
the remaining six were originally there or not. There were no life jackets found in the flotsam
discovered during the search and rescue operation.

(4) Instructions related to excessive loading by the shipbuilder

According to the shipbuilder, 24 years had passed since Ship A was constructed, and there are

no records extant relating to actual safety instruction given to Captain A, its owner. Note that at
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present, in fishing vessel owner manuals, users are warned to ensure sufficient freeboard, and that
the vessel must be operated within limits that will not cause the draught to exceed the draught limit
mark on the central part of the ship’s hull.

2.8.3 Safety management in the Federation of Fisheries Cooperative Associations and others
(1) Related organizations

According to interviews with related persons such as FCA personnel, the facts are as follows:
A demarcated fishery right from the Governor of Aomori Prefecture is granted to the FCA (the
fishery right for the scallop aquaculture zone of the Kugurizaka branch is granted to the Aomori
City FCA).

The Aomori Prefecture Federation of Fisheries Cooperative Associations (hereafter, the
PFFCA) members are each FCA in Aomori Prefecture, and have a cooperative sales relationship
for scallop sales, as detailed in 2.8.5 below.

(2) Safety management by the FCA and the PFFCA

According to interviews with related persons such as FCA personnel, etc., the following is the
case:

In the Kugurizaka branch of the Aomori City FCA to which Ship A belonged, there had not
been a fishing vessel accident in nearly 60 years of scallop fishing. Instructions to wear lifejackets
were given, but did not have an effect. Additionally, instruction was given on prohibitions on
overloading and to take breaks from fishing during stormy weather rather than take risks. However,
the FCA and its branches were not involved in the decisions to cease fishing or cease operations.

In the Kugurizaka branch of the Aomori City FCA, following the accident, there is an oral
consent among the owners of the vessels that crew members on scallop fishing vessels should wear
life jackets, and additionally that when the wind velocity was 5 m/s or greater, the owners would
gather before departure and determine whether vessels sailed out fishing.

There are no radio facilities at the Kugurizaka branch, and contact between the branch and the
Association fishing vessels is conducted exclusively by a cellular phone, but when a cellular phone
contact cannot be established, it is possible to contact those that are out fishing by radio of mooring
fishing vessels.

The PFFCA has carried out instructions on general items such as the wearing of lifejackets in
its regular classes on preventing maritime accidents.

(3) Similar accidents

According to interviews with related persons such as FCA personnel, two years prior to the
accident of Ship A, there was a capsizing accident of a scallop fishing vessel in the Aomori City
FCA Harabetsu branch. However, since all crew members were wearing life jackets, they were all
safe.

According to the written judgments of the Japan Marine Accident Inquiry Agency, there have
been 15 capsizing accidents (including two written judgments of the Sendai Marine Accident
Inquiry Agency, to which Aomori Prefecture is within the jurisdiction) of scallop fishing vessels
over the past 20 years (from 1989 to 2008), and of those, 12 were during scallop hoisting
operations (8 were related to crane operation, and 4 were related to cargo collapses), and two were
related to cargo collapses while under way.



2.8.4 Gross tonnage of scallop fishing vessels and others
(1) Number and sizes of scallop fishing vessels
According to materials provided by Aomori Prefecture, there are 2,172 scallop fishing vessels
operating in Mutsu Bay (those vessels with a fishing type designated as “shellfish and seaweed
gatherers” in the vessel master register), and the distributions of their gross tonnages and overall
lengths are as shown in the tables below. Ship A belonged to the largest class of these.

Gross Tonnage Number of Vessels
Less than 3 tons 985
3 tons or over and less than 5 tons 1,180
5 tons and over 7

Overall Length Number of Vessels
Less than 9 m 946
9 m and over and less than 13 m 1,215
13 m and over 11

(2) Cranes and others
1) Cranes

According to the Aomori City FCA, only 7 to 8 of its fishing vessels are scallop fishing
vessels equipped with cranes, and the cranes are used for lifting things out of the water.

According to the PFFCA, it is not common for vessels to be equipped with cranes, and the
amount lifted by the Kugurizaka branch vessels is about 2 to 3 tons of scallops per day.

2) Number of crew members, including the captain

According to the Aomori City FCA, though the number of crew members differs according to
the size and shipping volume of the vessel, the minimum is 4 persons in shipment season. The
owner of the ship arranges part-timers, and the FCA is not involved. However, there are many
regulars among the part-timers.

According to interviews with the captains of the consort vessels, the number of crew members
per fishing vessel of the six scallop fishing vessels belonging to the Kugurizaka branch that went
out on April 5th was 4 or 5 persons for four vessels, 7 persons on one vessel, and 8 persons on
one vessel (Ship A).

2.8.5 Distribution system of scallops

According to interviews with related persons such as FCA personnel, the way scallops are
distributed is as follows:

The PFFCA regularly makes bids and then contracts with the designated buyer (hereafter, the
processor). The FCA branch is directly informed of the amount ordered each day by the processor,
and the amount of that order is divided up by the FCA branch among the fishing vessels belonging to
the Association.

The scallops brought up to the surface on a given day are weighed at the Kugurizaka branch at
05:45 and taken by the processor’s truck to the processing plant. After weighing, the bills are sent
from each FCA to the PFFCA, where the money is collected by the PFFCA from the processor, the
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service fees are subtracted, and the remainder is paid out to each FCA.

The fishing season for scallops in the Aomori City FCA is from April to July, and from August
to March there is no harvesting related to aquaculture.

Farmed scallop fishing is done with each ship’s aquaculture facilities separated from the others,
and not in a close fleet. However, since there is a need to ship the amount ordered from the processor
as an FCA branch unit, and, additionally, since weight amounts and shipping times are preset, the
number of ships equivalent to the amount ordered leaves port at approximately 02:00. Following
their return at approximately 04:00, the scallops are sorted out.

April 5th, the date of this accident, was the first day of fishing for the year. Captain A was
presumably eager to hand over to the processor the full amount of his share, from his position as
union president.

The Kugurizaka branch of the Aomori City FCA has 22 persons engaged in scallop
aquaculture as members. On April 5th, six fishing vessels including Ship A left port to bring up the
ordered amount. Ship A was scheduled to bring up between 2.5 and 3.0 tons of scallops.

2.9 Medical Information

According to the questionnaires from the Kugurizaka branch of the Aomori City FCA, on the
day of the accident, the health statuses of all eight crew members on board Ship were was good, and
they were wearing upper body and lower body wet weather gear, sweaters and other clothing on the
upper portion of their bodies, and thermal pants etc. on their legs, with underwear under that and
rubber gloves. However, it does not appear that they were wearing life jackets.

According to the International Aeronautical and Maritime Search and Rescue (IAMSAR)
Manual jointly prepared by the IMO and the ICAO, the survival time in water between 4 and 10° C
is, when dressed normally, less than three hours.

2.10 Information Relating to Searches and Rescues

2.10.1 Initial searches
(1) According to interviews with a witness on land (hereafter, Witness G), the matter is as follows:
At approximately 03:30 on April 5th, two fishing vessels, one of which is presumed to be Ship A,
could be seen operating off the coast.

A little before 04:00, Witness G realized that Ship A had not returned to port, nor could
Witness G see any lights out to see. Witness G attempted to raise Ship A on the radio of a consort
ship, but there was no response. Later, one ship that had not been fishing headed out to search, but
turned back due to poor sea conditions. Contact notifying that Ship A was lost at sea was made to
the Aomori Coast Guard Office at approximately 04:35.

(2) According to a report from the Aomori Coast Guard Office, the situation that followed was as
follows:

According to the first report released by the Aomori Coast Guard Office (announced at 06:15),
the first search by the Japan Coast Guard used one patrol vessel and two patrol craft attached to the
2nd Regional Coast Guard Headquarters and one helicopter attached to the Hakodate Air Base,
Japan Coast Guard. Upon the third report (announced at 08:25), six special rescue team members,
one patrol vessel, and one aircraft were added. At 05:30, the head office of task force for this
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accident was set up in the 2nd Regional Coast Guard Headquarters and the local office of task
force was set up in the Aomori Coast Guard Office.

Additionally, according to the fourth report (announced at 09:45), two Aomori Prefecture
helicopters and three Maritime Self-Defense Force helicopters conducted the search, and according
to the seventh report (announced at 13:35), five scallop fishing vessels from the Aomori City FCA
searched.

2.10.2 Discovery of the crew

According to a report from the Aomori Coast Guard Office, the background and situation of
the discovery of the crew was as follows:

At 06:35 on the day of the accident, April 5th, the helicopter of the Coast Guard discovered
one person adrift in the vicinity of 0.8 M north of Utoumai. However, death was confirmed at 08:10
at the hospital to which the crew was sent, and the autopsy revealed death by suffocation from
drowning (respiratory failure). The trousers of the wet weather gear of this crew were found at 08:30
the following day, the 6th, approximately 800 m from the location at which the crew had been found,
on the coast of Kagikake, Tsuchiya, Hiranai-town.

At approximately 16:50 on the 6th, one body was found by the special rescue team of the
Japan Coast Guard in the sea in the vicinity of 0.7 M north-north-west from the Kugurizaka Port
Western Breakwater.

At approximately 15:40 on the 7th, the body of Captain A was found in the wheelhouse of
Ship A discovered on the seabed in the vicinity of 1600 m north-west from the Kugurizaka Port
Western Breakwater.

At approximately 16:30 on the 7th, three bodies were found by the divers arranged by the FCA
on the seabed in the vicinity of 2200 m north from the Kugurizaka Port Western Breakwater.

At approximately 17:10 on May 24th, one body was found adrift by a civilian out fishing in
the vicinity of 3400 m north-north-east of the Kugurizaka Port Western Breakwater.

At approximately 17:40 on July 22nd, one body was found adrift by a fishery worker in the
vicinity of 650 m south-south west from the Shigeura Port Western Breakwater.

When they were discovered, none of the crew members were wearing life jackets.

(Refer to Fig. 5 Discovery Locations of Crew Members (outline map))

2.10.3 Discovery of the ship

At approximately 14:45 on April 7th, the capsized Ship A was discovered by the special rescue
team of the Japan Coast Guard on the sea bed (sea depth: approx. 25.8 m) 1600 m northwest from
the Kugurizaka Port Western Breakwater. According to Japan Coast Guard materials, the crane was
swung out over the port side and the stowable rudder was not visible from the bottom of the hull.
There was nothing twisted up in the propeller. The bow of the sunken Ship A was facing 080°.

2.10.4 Investigation on the refloated ship body

The state of the refloated Ship A was as follows:

The ship’s chronometer in the wheelhouse was stopped at 03:44 and the main engine remote
controller was in neutral position. The helm direction was showing 75° to the left and two life
jackets were remaining (one inflatable type and one vest type). The switches for searchlight and
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clear view screen were all still on (according to interviews with Captain C and Witness G, the
searchlight was normally turned on when the scallops were all lifted up and the ship was leaving the
scallop farm).

On deck, the hatches to the fish hold and others were not closed. The crane was extended
about 7.2 m and at an elevation angle of 43°. It was swung out approximately 45° to the port bow
(the length of the crane and the angle it was swung out are according to Aomori Coast Guard Office
materials). The hook at the end of the crane wire was fastened with rope to the trunk of the crane so
that it would not move, and the operating levers were in the off position. There were freeing ports 15
cm wide and 4 cm high in five places both port and starboard, but the freeing port closest to the bow
on both sides were blocked up. There was a stanchion 0.7 m tall and 2.0 m wide topped on the 0.5 m
bulwark of the starboard.

The stowable rudder was raised up into the deck and the steering wheel was pointing the same
way as the rudder angle indicator to the left.

(Refer to Photo 1 Ship A After Refloated)

2.11 Estimations for Fact-Finding
2.11.1 Calculations by the shipbuilder

The shipbuilder of Ship A carried out five reconstructive calculations of Ship A following the
accident. With these calculations, the weight, center of gravity, and other factors were calculated,
and it was possible to obtain the cross curves of stability*™ for the five cases of when it was new and
fully fueled and loaded with a crane normally (the state it would be before loading on the catch), and
then when 1.8 t, 2.515t, 3.6 t, and 5.4 t of cargoes (in order, State 1, State 2, State 3, and State 4)
have been added to the normal state.

With these calculations by the shipbuilder (calculated with the buoyancy extents up to the
upper edge of the bulwarks), it was found that the righting arm in the normally equipped state was a
maximum of approximately 0.58 m at an angle of heel of 40°.

(Refer to Fig. 6 Cross Curves of Stability for Ship A Created by its Shipbuilder)

2.11.2 Analysis by the National Maritime Research Institute

Building on the calculation results described in 2.11.1, an analysis was carried out by the
National Maritime Research Institute (hereafter, NMRI), which was asked to quantitatively
determine the atmospheric and sea conditions that could cause Ship A to heel to the extent where the
angle of heel was such that it lost its ability to upright itself (stability) and the angle at which water
would enter, in the situation where there was a similar load, crew, and crane extension to when Ship
A was operating.

The calculation conditions, as described in 2.5.4, employed weights of the pearl net and others
at the time of the accident of 4.5 t. And because the height of the load was unknown, but if spread
evenly would be between 1.5 and 1.7 m, calculations were made to determine stability for the three
cases of 1.5 m, 1.75 m, and 2.0 m load height. The crane situation in these three cases was calculated
with the crane in the position it was in when Ship A was found as described in 2.10.4. In order to

**" The “cross curves of stability” are the plots on a graph of the values of the righting lever (GZ: the

lever length of the moment of a couple that attempts to right the heel) for a given displacement and
angle of heel.
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evaluate the effect of the crane being swung out, the same stability calculations were also carried out
for when the pearl nets were stowed at an even height of 1.5 m and the crane was stowed low.
(Refer to Fig. 7 NMRI Analysis Results Regarding Stability at the Time of Leaving Port and
the Time of the Accident (outline))
As a result, the stability of Ship A when it left port on the day of the accident and when it had
the accident (with the pearl nets on board) was calculated.
(1) Stability at the time of leaving port
1) Righting lever
When buoyancy is up to the top edge of the upper deck, the righting lever in the state when the
ship left port is a maximum of approximately 0.4 m at a heel angle of 25°. (Refer to 2. Right
lever curves in Fig. 7)
2) Natural roll period
The natural roll period of Ship A when it left port was 2.01 s. (Refer to 3. Resonant Roll due to
Beam Wave in Fig. 7)
(2) Stability at the time of the accident
1) Resonant rolling
When Ship A started to cause resonant roll, the resonant roll angle was 26.3° and the natural
roll period was 2.85 to 3.03 s. Also, the wave conditions for resonant roll were a wind velocity of
10 to 13 m/s and a wave height of 1.26 to 1.43 m. Additionally, the heel angle for water to come
over the top edge of the bulwarks while loaded at the time of the accident was 26.4°. (Refer to 3.
Resonant Rolling due to Beam Wave in Fig. 7)
2) Stability when the center of gravity shifts due to load collapse during resonant roll
When the pearl nets were loaded on the deck to a height of 1.75 m, if the center of gravity of
the pearl nets was moved laterally by 0.6 m (less than a quarter of the breadth), then the ship
would capsize. Otherwise, if the pearl nets were loaded to a height of 1.5 m, the ship would not
capsize even if the center of gravity moved laterally by 0.6 m. (Refer to 4. (1) Accident Scenario
1linFig. 7)
3) Stability when the center of gravity shifts due to movement of the crew during resonant roll
If the pearl nets are loaded to a height of 1.5 m or greater and the crane is swung out, then if
the crew other than Captain A move by 0.9 m laterally, then the ship would capsize. Otherwise,
even if the pearl nets are loaded to a height of 1.5 m or more, if the crane is stowed, then even if
the crew members other than Captain A move by 0.9 m laterally, the ship would not capsize.
(Refer to 4. (2) Accident Scenario 2 in Fig. 7)
4) Stability when the ship is hit by a lateral wind during resonant roll
If the pearl nets are loaded to a height of 1.5 m or greater and the crane is swung out, then if
the ship is hit by a lateral wind of 10 m/s, it will capsize. Conversely, even if the pearl nets are
loaded to a height of 1.5 m or more, if the crane is stowed, even if the ship is hit by a lateral wind
of 10 m/s, it will not capsize. However, it will capsize if it is hit by a lateral wind of 13 m/s.
(Refer to 4. (3) Accident Scenario 3 in Fig. 7)
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3 ANALYSIS

3.1 Situation of the Accident Occurrence
3.1.1 History of the voyage
(1) Time of Ship A leaving port

It is probable that it was approximately 02:15 from the following 1) and 2).

1) According to the interviews of 2.1.1, it is probable that the time of Ship A leaving port was
between 02:10 and 02:30.

2) According to the interviews of 2.1.4, the last vessel to return to port, Ship E, arrived in port at
approximately 03:40. And in consideration of the fact that it took some 10 minutes to traverse the
distance from the fishing port in 2.1.2 to the fishing grounds, it is probable that Ship A finished
raising its 440 chains by approximately 03:30 and started back to port.

According to the interviews in 2.1.3 that it takes 60 to 70 minutes to reel in one mainline
worth of pearl nets, from a reverse calculation it is probable that Ship A arrived at the fishing
grounds at approximately 02:25 and began operations. Since it takes 10 minutes from the port to
the fishing grounds, it is probable that Ship A left port at approximately 02:15.

(2) Ship A’s fishing grounds

As described in 2.1.1, it is probable that Ship A's fishing grounds was the scallop farm in the
vicinity of 2100 m north-west of the Kugurizaka Port Western Breakwater.
(3) Time of arrival of Ship A to the fishing ground

From (1) 2), it is probable that Ship A arrived at the fishing ground at approximately 02:25.
(4) Time of Ship A leaving the fishing ground

From (1) 2), it is probable that Ship A left the fishing ground at approximately 03:30.
(5) Ship A’s return course to port

Since the shortest course from the fishing ground to return to the Kugurizaka Fishing Port is
on a heading of roughly 135°, and the site where the ship foundered (described below) is also on
this course, it is probable that the course of Ship A was roughly 135°.

3.1.2 Time of accident
(1) Time of accident
According to the following 1) and 2), it is probable that the time of the accident was
approximately 03:44.
1) Interviews with the witness on shore
According to the interview of 2.10.1, at approximately 03:30 Ship A was still operating, and a
little before 04:00 its lights were no longer visible.
2) Discovered ship chronometer from Ship A
As described in 2.10.4, the chronometer was stopped pointing to 03:44.
(2) Time taken to founder
From the following 1) to 3), it is probable that the vessel foundered in a short period of time.
1) As described in 2.10.2, the body of Captain A was discovered in the wheelhouse.
2) As described in 2.10.2 and 2.10.4, there were at least two life jackets available in the
wheelhouse, but none of the recovered crew members were wearing one.

14



3) According to the interview in 2.10.1, there was no communication by radio or cellular phone
asking for help.

3.1.3 Location of the accident

As described in 2.5.4, one mainline worth of pearl nets had been brought up. And, as described
in 2.10.4, the hook on the crane was fastened down, the switches for searchlight and clear view
screen were on, and from the positional relationship of the fishing grounds and the location that
Ship A was discovered (Refer to Fig. 1), it is probable that the accident occurred during the return
to port.

The currents in Mutsu Bay are generally light, and the measurement value at a location
relatively close to the fishing grounds in 2.6.2 was approximately 0.06 m/s, so it is not probable
that the hull drifted much following the accident. Therefore, it is probable that the location of the
accident was in the vicinity of 1600 m north-west from the Kugurizaka Port Western Breakwater.

3.2 Causal Factors of the Accident
3.2.1 Situation of the ship handling and cargo loading
(1) Ship manoeuvering

From 2.4, Captain A held an appropriate and valid boat operator's license, and had sufficient
experience on ships.

As described in 2.10.4, Ship A was discovered with the helm 75° to port, but at the same time,
the main engine remote controller was in neutral. So, it is not known whether the vessel had any
speed. The rudder was also raised up to the deck, which mean that it is not known whether Ship A
was turning at the time of the accident. Additionally, as described in 3.1.1 (5), the return course to
port is considered to be generally 135°. And, as described in 2.10.3, the bow of the ship was facing
080° when it foundered, but it is not certain whether this 55° change in bow heading was caused by
Ship A turning or from uneven pressure flow during its submergence from the sea surface to the
bed.

(2) Amount and method of loading pearl nets

As described in 2.5.4, it is probable that the load was approximately 4.5 t with 440 chains.

From the interviews with the consort ship captains in 2.1.4 and the state of Ship A as described
in 2.10.4, it is probable that Ship A had piled the raised pearl nets on the starboard side on the deck,
and in order to balance the vessel, had sailed with the crane swung out to the port. The height to
which the pearl nets were piled is not known. However, as described in 2.5.4, with an uneven pile,
it is probable that they were piled to a height of at least 1.5 m or so for Ship A. As described in
2.10.4, it is somewhat likely that the stanchion on top of the bulwarks on the starboard side was
placed to prevent the piled up pearl nets from sliding over the edge of the vessel.

If the pearl nets were piled to a height of nearly 2 m, they would have limited the visibility to
the starboard side. And, it is probable that this would possibly have had an adverse effect on
monitoring a beam sea coming from the starboard side.

3.2.2 Meteorological Atmospheric and sea conditions at the time of the accident
From 2.6.1, 2.6.2, and 2.6.4, it is probable that at the time of the accident, the wind was from
the north-west to south-west at 5 to 13 m/s, the waves were from the west at a height of 1 to 3 m, and

15



the water temperature was approximately 7.5° C. Additionally, from 2.6.5, it is probable that the
wave period in the vicinity of the accident location was between 2.6 and 3.0 s. Furthermore, as
described in 2.6.3 (1), a gale and wave advisory (the wave height peak was 3 m on the morning of
the 5th) had been announced. If the weather was as forecasted, it is somewhat likely that Ship A
would have encountered waves of greater than 3 m height.

3.2.3 Analysis regarding stability
(1) Stability at the time of leaving port
It is probable that the Ship A’s stability was sufficient when it left port, according to the
calculation in 2.11 as follows.
1) As described in 2.11.1, the righting lever in the normally equipped state is a maximum of
approximately 0.58 m. (The maximum righting lever value required of a small craft that operates
in areas in the greater coasting area™ or beyond must be the same or greater than 0.0215 times
the beam of the vessel by law. This would not be required of Ship A, which operated along the
coast. However, Ship A, with a beam of 3.09 m, had a righting lever of 0.066m or greater, which
is satisfied. The same applies to 2).)
2) As described in 2.11.2 (1) 1), even when the buoyancy extent was up to the deck, the righting
lever in the state in which the vessel left port was a maximum of approximately 0.4 m.
3) As described in 2.11.2 (1) 2), the natural roll period of Ship A when it left port was 2.01 s, and
this clears the natural roll period of 3.7 s under required by the bylaws regarding small fishing
craft of the Japan Craft Inspection Organization.

(2) Stability at the time of the accident
As described in 3.1.1(5) and 3.2.2, the heading of Ship A was generally south-east. And
because it was taking waves from the west, it is probable that when Ship A returned to port, it was
taking a beam sea from generally the starboard side.
Additionally, from the NMRI calculation results in 2.11.2 (2) 1) (1), 2), and 3) below), it is
probable that at the time of the accident, Ship A was causing resonant roll and waves going over
the bulwarks, leaving the vessel in a state where it was readily taking on seawater.
1) At the time of the accident, the resonant roll angle of Ship A was 26.3°, and the heel angle at
which the top edge of the bulkhead would be underwater was 26.4°, approximately the same.
2) The wave conditions in resonant roll were calculated as a wind velocity of between 10 and 13
m/s and a wave height of between 1.26 and 1.43 m. This almost matches the weather conditions
at the time of the accident.
3) The natural roll period of Ship A was calculated as between 2.85 and 3.03 s. This almost
matches the wave period that existed in the vicinity of the accident location in 3.2.2.
When the top edge of the bulwarks is submerged, the area of the bulwarks adds resistance and
stability is harder to achieve. And, it is probable that the risk of capsizing was greater due to the
effects of the continued wave action. Additionally, it is probable that this could have caused a 26°
roll, and the capsizing was due to the movements of the crew and the load collapsing.
Additionally, it is also somewhat likely that the vessel interior could have been flooded from
taking on seawater, and that it subsequently sunk.

(3) Stability under resonant roll

> “Greater Coasting Area” refers to the region bounded by East 94°-175°, and South 11° - North 63°.
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It is probable that a resonant roll was caused for Ship A as in (2) above. However, on that
assumption, the NMRI calculation results from 2.11.2 (2) 2) to 4) indicate that it is probable that
the vessel capsized when the crew moved about losing their balance, when the vessel was hit by
lateral winds, or when the bulwarks were submerged and the load collapsed. Additionally, it is
probable that the height to which the pearl nets were piled (unevenly) and the fact that the crane
was swung out, raising the center of gravity, increased the chance of capsizing.

3.2.4 Reserve buoyancy when flooding

If Ship A was operated in the same state as it was recovered in 2.10.4, with the openings on the
deck for areas such as fish storage left unclosed, then it is probable that water flooded in when the
vessel capsized or heeled greatly, and the vessel lost reserve buoyancy immediately, and sank.

3.3 Analysis Regarding the Rescue Situation

A s described in 2.10.2, one body of the crew members was refloated at about 06:35,
approximately 2 hours and 50 minutes following the sinking of Ship A. It is somewhat likely that
this crew member would have survived if he had been wearing a life jacket, since there is a
possibility of survival for up to 3 hours if he is not weakened by inhaling water according to the
materials described in 2.9. Furthermore, if the call to the Japan Coast Guard had been made before
the consort ships headed out themselves to rescue rather than after, as described in 2.10.1, then that
the crew adrift would have been found 30 minutes earlier, and it is probable that the possibility of
survival would have increased. The trousers of the wet weather gear of the first crew discovered
were discovered the next day in a different location. So, it is somewhat likely that he retained
consciousness for some time following his immersion, and removed his trousers to swim better.

3.4 Analysis Regarding Safety Management
3.4.1 The decision to stop operations

From the interviews in 2.8.2 (1), it is probable that the decision to cease operations was to be
made by Captain A.

Additionally, as described in 2.8.5, the day of the accident, April 5th, was the first day of the
2008 fishing season. So, it is somewhat likely that Captain A continued operations regardless of the
weather, due to the pressure he felt from his responsibility as union president of the Aomori City
FCA and the desire to ensure a portion of the required take. It is somewhat likely that this is
connected with the reduced freeboard (the cause of the situation in 3.2.3 (2) 1)) and the encounter
with a beam sea greater than 1 m (the cause of the situation in 3.2.3 (2) 2)). Note that, as described in
2.1.1, since the fishing grounds were close to the shore, it is somewhat likely that safety precautions
were neglected.

3.4.2 Night-time operations

As described in 2.8.5, since the weighting and shipping time for the harvested scallops is
preset as the early morning, Ship A was operating at night, and it is somewhat likely that this had a
negative effect on the visibility of the waves when Ship A was returning to port and on the visibility
of the searchers following the accident.
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3.4.3 Use of life jackets

From the related law in 2.8.1 and the interview in 2.8.3 (2), while Captain A was required to
encourage that crew members wear life jackets, wearing the jackets was not compulsory.
Additionally, it is probable that directions were given for wearing life jackets as a project of the FCA
and other groups. It is somewhat likely, from 3.3, that if the crew had been wearing life jackets, then
at least one of them would have been saved.

4 PROBABLE CAUSES

It is probable that this accident was caused by the situation in which Ship A, which finished its
operations in the seas off Kugurizaka Fishing Port and was returning to port at night, was hit by a
beam sea and capsized or heeled over considerably, thus allowing seawater to enter the vessel, which
lost reserve buoyancy and then sank.

It is somewhat likely that the cause of the capsizing or heeling over arose from the following:
(1) By being hit by waves greater than 1 m in height from the right beam, the hull underwent
resonant roll.
(2) The small amount of freeboard due to the large amount of the load meant that the heel angle
before the top edge of the bulwarks being submerged was smaller, and became approximately the
same angle as the regular wave roll-back angle, leading the top edges of the bulwarks to become
submerged. The submerged bulwarks then added resistance, and the ship lost stability.
(3) As external forces, the compound effect of the collapse of the load and the movement of the
crew, as well as the lateral wind, had effect. The unevenly piled load and the raised center of
gravity through the crane being swung out also had effect as external forces. The vessel lacked the
stability to cope with these external forces.

It is somewhat likely that the reason why seawater penetrated inside the vessel and caused it to
lose reserve buoyancy is that the hatches on the deck such as the fish hold were not closed.

Additionally, it is somewhat likely that the delay in informing the Japan Coast Guard and the
non-wearing of lifejackets by the crew contributed to exacerbating the consequences of this accident.

5 REMARKS

There is a possibility that the quantity of the load on the scallop fishing vessel during
inclement weather and the delay in informing the accident to search and rescue organizations
contributed to this accident.

Therefore, captains of scallop fishing vessels should prevent the ingress of seawater from
beam seas by reducing its load and ensuring sufficient freeboard during rough sea conditions.
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Additionally, the load should be evenly distributed and the crane should be stowed low to prevent
the center of gravity from rising.

When there is a possibility that there may be a missing ship, such as when the consort ships
have not returned to port in rough weather and radio communication cannot be made, the fishery
worker should immediately contact the Japan Coast Guard and then begin to carry out any necessary
search and rescue operations on their own, in order to ensure search and rescue operations by the
Japan Coast Guard start as early as possible.
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Figure 1 Kugurizaka Fishing Port, the Fishing Grounds of Ship A and its
Consort Ships, and the Discovery Location of the Sunken Ship A (outline
map)
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Figure 2 Standard Scallop Farm
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Figure 3 General Arrangement of Ship A (outline plar)
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Figure 4 Coastal Wave Analysis Chart (as of 09:00 on April 5th)
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Figure 5 Discovery Locations of Crew Members (outline map)

Futago Island

Koiima f\_"‘_\
W Shigeura Port

;: Western Breakwater Lighthouse

17:40, July 22: 1 person ¢

Shigeura Island

Kamome Island

@!.

06:35, April 5: 1 body

16:30, April 7: 3 bodies @

16:50, April 6: 1 body

15:40, April 7: 1 body . .
(Where Boat A was discovered) S %

-

_;C Kugurizaka Port Western Breakwater Lighthouse

1 0 3 km
| I . . )

+
3
-

0.1 *‘IJ 1M

24



KG (center of gravity height)

£EEEEE
8 85 3o
o O O A - |

is

14

Displacement
|
|
|
|

|
~
.
™
S
i
-
AN
$

l

9.55
1135
12.06

i3

25

aphed calculated values

|

|

|
N
N
l\:

N

N\
N
|

|
‘;\

by
|

Gri
1
2) State 1
3) State 2
4) State 3
5) State 4
I
N
)
|
i
N
|
|
R
|

Figure 6 Cross Curves of Stability for Ship A Created by its Manufacturer

Displacement (ton)

1a

doms 2 = s | —




Figure 7 NMRI Analysis Results Regarding Stability at the Time of Leaving Port and
the Time of the Accident (outline)

1. Calculation Conditions
(1) State at time of leaving port
1) Crew
There were eight crew members at the time of leaving port, and their combined weight was used as the
weight of the crew. Additionally, at the time of leaving port, it is assumed that Captain A stood in the
wheelhouse and the other crew members were standing on the deck aft of the wheelhouse. The center of gravity
of the crew was taken to be 1/2 of their height.
2) Fuel
The fuel consumption was 1/3 of a full tank (800 )
3) Crane
The weight of the crane was taken to be 0.700 t. It was in a stowed state when the ship left port.
(2) State at the time of the accident
1) Catch (baskets (pearl nets) with scallops in them)
The weight of the catch was 4.5 t, and it was piled on the deck forward of the wheelhouse. The height of the
catch was assumed using three different states: 1.5 m (Accident State 1), 1.75 m (Accident State 2), and 2.0 m
(Accident State 3). The average draught due to the loaded catch was deeper by 0.16m (0.41 m when leaving
port and 0.57 m when the accident occurred).
2) Crane
At the time of the accident, the crane was extended out 7.2 m, and swung out 45 degrees to port and 43
degrees upwards. The state when the crane was stowed and the catch was piled to a 1.5 m height was also
assumed for comparison purposes (Accident State 4).

2. Righting lever curves (Calculated Results)

— Accident State 1 (B.W. top)

Righting lever curves | Ditto (UD.)
- ——  Accident State 2 (B-W. top)
o0 ] Ditto (U.D.)
Accident State 3 (B.W. top)
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NB) The solid lines (B.W. top) mean that GZ is calculated as the buoyancy extent included up to the top edge of
the bulwarks. The broken lines (U.D.) mean that GZ is calculated as the buoyancy extent included up to the deck.
The horizontal axis is the angle of heel, and the vertical axis is the righting lever.
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3. Resonant Roll due to Beam Waves (Calculated Results)

Bulwark Top Resonant Roll Angle (deg.) Wave Length Wave Height (m)
Edge Natural Roll Wind Wind in Resonant Wind Wind
Submergence Period (5) Velocity Velocity Roll (m) \elocity Velocity
Angle (deg.) 10 m/s 13 m/s 10 m/s 13 m/s
Accident
State 1 264 2.85 26.2 26.3 12.64 1.26 1.26
Accident
State 2 26.4 294 26.0 26.3 1344 132 134
Accident
State 3 26.4 3.03 25.8 26.3 14.28 1.38 143
Accident
State 4 26.5 274 26.3 26.3 11.71 117 117
I%g?t‘""g 325 201 263 26.3 6.31 063 063

NB) The resonant roll angle is calculated taking into consideration irregular waves. Wave length and height are
values adjusted to an appropriate regular wave.

4. Capsizing Due to External Forces During Resonant Roll (Calculated Results)
(1) Accident Scenario 1 (Load Collapse)

With a large angle of heel (approx. 26 degrees) that would submerge the top edge of the bulwarks, the catch
would collapse and shift laterally to the sides of the vessel.

Steady heel angle due to catch movement o, (deg.)
Accident State 1 | Accident State 2 | Accident State 3 | Accident State 4
Movement 0.20 5.1 54 5.7 4.7
distance of 0.40 9.8 10.3 10.9 9.1
center of 0.50 12.2 13.2 147 11.2
gravity for 0.55 13.9 15.7 Capsizing 125
Catch, If (m) 0.60 16.7 Capsizing Capsizing 14.1

NB) The vessel will capsize when the heeling moment caused by the shift in the center of gravity is greater than
the maximum stability righting moment. (The steady heel angles when the stability and heeling moment balance
out are not calculated.)

(2) Accident Scenario 2 (Human Movement)

The crew members other than Captain A, in the wheelhouse, lose their balance due to the rolling at the time
of the accident, and move in the direction of the rolling. (This considers the acceleration laterally in line with a
roll angle of 26 degrees and a natural roll period of approx. 3 seconds.)

Dynamic Stability / Roll energy following crew movement

Accident Accident Accident Accident Leaving

State 1 State 2 State 3 State 4 Port
Movement 0.30 1.14 1.10 1.07 1.22 2.29
distance of 0.45 1.10 1.06 1.03 1.18 2.26
center of 0.60 1.05 1.01 0.98 1.14 2.22
gravity for 0.75 1.01 0.97 0.93 1.09 2.18
Crew, If (m) 0.90 0.97 0.92 0.89 1.05 2.14

NB) When the roll energy (the work amount needed to capsize the vessel) is greater than the dynamic stability

(the work amount needed for stabilization) following the movement, the vessel will capsize.
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(3) Accident Scenario 3 (Beam Wind)
The vessel is hit by a beam wave / beam winds while resonant roll. (The direction strength is added by
considering the temporally changing north-west — south-west wind and waves from the west.)

Coefficient C (b/a)
Accident Accident Accident Accident Leaving
State 1 State 2 State 3 State 4 Port
Wind V\elocity 8.0 1.22 1.18 1.15 1.32 2.15
Vw (m/s) 9.0 1.08 1.03 1.00 1.20 2.09
10.0 0.97 0.93 0.89 1.11 2.03
11.0 0.92 0.87 0.82 1.08 1.96
12.0 0.87 0.82 0.77 1.04 1.89
13.0 0.82 0.77 0.72 0.99 1.82

NB) When the roll energy (the work amount needed to capsize, a) is greater than the dynamic stability when the
vessel is hit by a lateral wind (the work amount needed for stabilization, b), the vessel will capsize.
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Photo 1 Ship A After Refloated
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