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Annex B

The European Guide for Risk Prevention in Small Fishing Vessels — Flooding Checklist



5.4 ACTION CHECKLIST FOR EMERGENCY SITUATIONS J

This section provides a checklist of basic actions for the most likely emergency situations on
small vessels. The checklists may well assist in the preparation of the drill and debrief.

541 MAN-OVER-BOARD

Take precautions to reduce the risk of falls overboard but be prepared for a successful
recovery operation. Know what to do and develop a suitable plan for your particular boat.
Procedures for the recovery of a man overboard shall consider the following actions and
provisions:

Raise the alarm: shout ‘man over board’

Appoint a look-out: keep sight of the man in the water

Throw a lifebuoy: to mark the position.

Turn the boat: return to reciprocal course.

Distress signal: call on the radio for assistance.

Retrieval: rig a means of getting the man back onboard.

Organise: have suitable means of retrieval, such as a basket, ladder, lifting strop or
other.

First aid/medical attention: have a suitable first aid kit and training to counter hypothermia.

OoOoOooOooOooao

O

5.4.2 FLOODING

On decked boats, flooding can occur at any time while at sea or in the harbour. Flooding

is preventable but if not prevented, in most cases it can be controlled. If discovered early,
leaking pipes can be isolated and the flooding controlled by pumping out the affected space.
Flooding can also be rapid and late discovery leaves no time to treat the cause. An efficient
bilge alarm can be critical in providing early warning of flooding.

To reduce the risk of flooding or the damage from flooding, always maintain watertight
compartments and check that all spaces below deck are serviced and maintained in good
working order. Should flooding occur on your vessel:

Raise the alarm

Start pumps, check suction is working effectively

Wheelhouse watch keeper to send a radio message to nearby vessels and coast guard.
Turn vessel towards shallower water or port. Consider beaching the vessel

Attempt to stem the flow of water by shutting valves, or blocking the hole.

If pumps are out of action get out and seal the compartment.

Close doors, hatches and ports to prevent down flooding.

Leave scuppers or freeing ports open to drain excess water.

Erect dummy bulkheads using pound boards or fish bins tied across the compartment.
Look for holes leaking into adjoining compartments.

Consider stability effects of flooded compartment.

Use a fothering sheet to block the ingress.

Prepare to abandon the vessel. Remain on the vessel for as long as it is safe to do so.
Only abandon the vessel on the command of the skipper.

Do not wear PFDs or immersion suits while inside the vessel (enclosed spaces) because
their buoyancy may hamper escape during a sudden capsizing. However, have them
broken out as to be readily available.

O0O0O0O0O0O0O0oOO0O0O0OoOOoOooOoaono
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Report on aspects of the flooding which led to the loss
of FV ‘Ocean Way’

. Introduction

The fishing boat FV Ocean Way sank off the East coast of the Shetlands on 3 March 2017.
It is reported that the loss was caused by seawater flooding into the aft peak/accommodation
area. The objectives of this report are:

a. to model the vessel's draughts, trim and stability at stages throughout the flooding process
up to the point where loss became inevitable;

to estimate the volume of floodwater in the aft peak required to make the loss inevitable;
to estimate the breach hole size;

to calculate the time to loss inevitability if no pump had been used;

to assess the effect of the submersible pump used after flooding commenced;

to assess the capacity of a larger pump that might have prevented the loss;

to determine the consequential flow rate of water into the engine room if the drain valve in
the aft engine room bulkhead had been left open;

h. to evaluate the effect on loss inevitability of allowing floodwater into the engine room, ie
leaving the drain valve open, so that both the engine room pump and the submersible
pump could be used to reduce floodwater volume.

@ * 0 a0 0T

Section 2 details the vessel's principal dimensions. Section 3 illustrates the hull sections
used for the analysis, outlines the arrangement of the aft peak and identifies the extent of
flooding that was assumed for the purpose of the report. Section 4 details the vessel's
equilibrium state when intact and at six aft peak floodwater volumes prior to loss inevitability.
Data for a seventh state beyond the point of loss inevitability is also included. Section 5 is
comprised of an assessment of the rate at which the aft peak flooded and section 6 draws on
this information to make projections on the size of the breach in the hull. An estimate of the
size of pump that would have been required to prevent the loss forms Section 7 and Section
8 examines the potential effect on the outcome if the main bilge or deckwash pumps had
been used in addition to the submersible pump. The report’s conclusions form Section 9.

. Principal dimensions

The vessel’s principal dimensions are as follows:

Length Overall (LOA)..........cc.cccveevnneee..s. 24.30 metres

Length Between Perpendiculars (LBP).: 22.00 metres

Moulded Beam (B MLD)........................  7.90 metres

Depth (D)....cvvvveveeviiiieeeeeeviieeeeennnt. - 473 metres

Keel rake.....ccocccveveveeieeeeeeeiececieeeneeeenn.. . 1.078 metres over LBP (1.05m in inclining report)
Lightship displacement.......................... 392.887 tonnes (source: 13/06/02 inclining report)

. Hull and compartment layout and computer definition

The computer model used for the production of the vessel’'s stability booklet was utilised for
the analysis in this report. The original model was considered adequate for the production of
general stability data but required some additional sections fore and aft to improve section
area integration at the high trim angles evident during the course of the accident.
Compartment models were derived from the hull model for the aft peak/accommodation and
engine room bilge. External appendages for which there was sufficient information were also
modelled. These included the nozzle, propeller, rudder and rudder skeg. Diagram 1 at the
head of the next page is a plot of the hull sections (including the nozzle). Plots of the hull and
compartment sections used in the analysis comprise Appendix 1.
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MLD SHELL AMIDSHIPS

Diagram 1 — Hull sections

All longitudinal dimensions are taken about an Aft Perpendicular (AP) located at the transom
and all vertical dimensions with the exception of draughts are about a Base Line passing
through the moulded shell line at midships on the LBP as shown in the general arrangement
drawing below.
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Diagram 2 — General Arrangement
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Longitudinal dimensions are positive forward, negative aft of the AP and vertical dimensions
are positive above the Base Line, negative below. Draughts are taken about the underside of
keel extended in the intact state and about the Base Line in all flooded states. Transverse
dimensions are about the centreline and are positive to Port, negative to Starboard. These
axes and value signs were used for the original stability booklet.

Volumes included in the intact stability calculations are shown in the diagram below.

Fresh
Water

e
Exhaust trunking
Port & Stbd Galley to Port Shibterac
Each 0.9m wide
Aft Peak/ |
Accommodation Englne Room :
Fishrgom \
|
1
|
1

Oil Fuel - Port & Stbd

e e — e

Diagram 3 — Volumes making a positive contribution to intact state
The same volumes were included for the production of the stability information booklet data.

For the purposes of this report, it has been considered that loss became inevitable once the
seawater level had reached the door sill above the aft peak escape hatch on the centreline
(see diagram 2). After this event, flooding into the aft peak increased dramatically and the
rapidly increasing angle of equilibrium (see data for snapshot No. 8 in Section 4) that
resulted would inevitably immerse other apertures into compartments further forward.

The area coloured light green in the diagram below show the contours of the aft peak/
accommodation used in the damaged state calculations, the results of which comprise
Section 4. The dark green area shows the extent of the engine room bilge which is also
assumed to have partially flooded for the analysis in Section 8. All other volumes were
considered to remain intact until loss became inevitable.
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Diagram 4 — Configuration of volumes considered to flood
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4. Evaluation of vessel’s trim and stability with aft peak flooding

The diagrams below are snapshots of the aft peak flooding with related trim and stability data at
10 tonne floodwater increments from 0-70 tonnes. Appendix 3 lists the analysis data.

Diagram 5 — Flooding sequence

1. Condition prior to accident

Draught forward .....:  4.364 metres about keel line
Draught t AP.......... 1 5.138 metres about keel line
Trim over LBP........:  0.276 metres by bow

GMf upright............ : 0.599 metres

Equilibrium angle ...: 0 degrees

Floodwater depth...: 0 metres

2. 10 tonnes floodwater in aft peak

Draught forward............ . 4.251 metres about Base Line
Draught 1m fwd of AP..:  4.231 metres about Base Line

Trim over LBP.............. 1 0.021 metres by bow

GMf upright.................. . 0.524 metres

Equilibrium angle ......... ¢ Odegrees

Floodwater depth......... : 3.48 metres (flooding via breach only)
Head difference ........... : 1.71 metres

3. 20 tonnes floodwater in aft peak

Draught forward ........... 1 4.156 metres about Base Line
Draught 1m fwd of AP..:  4.399 metres about Base Line

Trim over LBP.............. : 0.254 metres by stern

GMf upright : 0.483 metres

Equilibrium angle ......... . Odegrees

Floodwater depth ......... . 3.76 metres (flooding via breach only)
Head difference............ 1 1.50 metres

4. 30 tonnes floodwater in aft peak

Draught forward ........... 1 4.048 metres about Base Line
Draught 1m fwd of AP..:  4.578 metres about Base Line

Trim over LBP.............. 1 0.556 metres by stern

GMf upright............ .. 0.381 metres

Equilibrium angle ... 0 degrees

Floodwater depth.........:  4.01 metres (flooding via breach only)
Head difference ........... i 1.42 metres

5. 40 tonnes floodwater in aft peak

Draught forward ........... :  3.913 metres about Base Line
Draught 1m fwd of AP..:  4.768 metres about Base Line

Trim over LBP.............. 1 0.897 metres by stern

GMf upright............. .. 0.291 metres

Equilibrium angle .... 0 degrees

Floodwater depth..........:  4.26 metres (flooding via breach only)
Head difference ........... : 1.35 metres

6. 50 tonnes floodwater in aft peak

Draught forward ........... 1 3.765 metres about Base Line
Draught 1m fwd of AP..:  5.010 metres about Base Line

Trim over LBP.............. 1 1.306 metres by stern

GMf upright.................. : 0.170 metres

Equilibrium angle.......... :  Odegrees

Floodwater depth..........:  4.51 metres (flooding via breach only)

Head difference 1.30 metres

7. 60 tonnes floodwater in aft peak

Draught forward ........... :  3.582 metres about Base Line
Draught 1m fwd of AP..:  5.339 metres about Base Line

Trim over LBP.............. ¢ 1.848 metres by stern

GMf upright.......... .t 0.015 metres

Equilibrium angle .... 0 degrees

Floodwater depth.........:  4.74 metres (flooding via breach only)
Head difference ........... : 1.31 metres

8. 70 tonnes floodwater in aft peak (open escape hatch immersed)

Draught forward ........... : 2.100 metres about Base Line

Draught 1m fwd of AP..:  5.642 metres about Base Line

Trim over LBP.............. ¢ 3.178 metres by stern

GMf upright.............. .1 -0.241 metres

Equilibrium angle .... 50.4 degrees

Floodwater depth.........:  4.98 metres (flooding via breach and escape hatch)
Head difference ........... ¢ 0.81 metres
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The stability of the vessel in the flooded states listed on the previous page is summarised in
the righting lever curves shown in diagram 6 below.
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Diagram 6 — Righting lever curves at 10 tonne floodwater increments

It should be noted that the accuracy of these curves is reliant in large part on the precision of
the lightship figures (displacement weight and centre of gravity location) recorded at the 2002
inclining trial and on the assumptions that flooding was symmetrical and that the transverse
centre of gravity was on the centreline. It should be noted in this context that if the centre of
gravity had been, for example, 25mm off the centreline, the vessel would not have been
upright with 50 tonnes of floodwater aboard (see data for snapshot 6 on the previous page)
but would have had an angle of heel at equilibrium of over 24 degrees.

These considerations may have had an influence on the rate of flooding into the aft peak. If
the vessel was heeling before the accident a breach in the hull would have moved
significantly further below the water surface (thereby increasing the rate of flooding) as the
vessel heeled in response to a negative GM (upright) than otherwise.

. Calculation of aft peak flooding rate

It is understood that the accident timeline ran approximately as follows:

Time(GMT) Elapsed time Event

0635 0 mins Trawl door impact on hull

0640 5 mins Initial flooding detected (bilge alarm)

0650-0700 15-25 mins Submersible pump started through aft peak escape hatch

0745 70 mins Vessel Gerda Saele arrives, submersible pump replaced

0810 95 mins RNLI arrive — exterior seawater level at aft peak escape hatch sill
0830 115 mins  Vessel sinks

The analysis in section 4 indicates that the aft peak contained approximately 61 tonnes of
seawater (around 60,000 litres) when the exterior sea level reached the aft peak escape
hatch sill which was reported to coincide with the lifeboat’s arrival.

The specification for the Makita PF1110 submersible pump used initially by the crew in the
attempt to stem the floodwater states that it has a maximum capacity of 250 litres per minute.
The pump was replaced by one of similar capacity at 0745. It is unlikely, therefore, that
pumping was consistently at the maximum capacity, particularly as it was stopped on several
occasions for detritus to be cleared from the suction head. Assuming it was working at its
maximum and that pumping started 15 minutes after the breach occurred, it would have
cleared about 20,000 litres of seawater in 80 minutes of running time but more realistically in
view of the blockages the figure was closer to 10,000 litres. On this basis, between 70,000
and 80,000 litres of seawater flooded into the aft peak in the 95 minutes from hull breach to
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loss inevitability, an average flooding rate of about 790 litres per minute (13.2 litres per
second). Similarly, a minimum of 11,850 litres and a maximum of 19,750 litres of sea water
came aboard in the 15/25 minutes after flooding was detected and before pumping started.

If no pumping had been undertaken, loss inevitability would have come about 12 to 25
minutes earlier (between 0745hrs and 0758hrs), the time taken for the average flooding rate
to fill the maximum 20,000 litres, minimum 10,000 litres cleared by the pump, respectively.

Note that the use of an average flow rate for calculations such as those that follow is an
approximation. Flow rate is proportional to the ‘head difference’ which is the vertical distance
between exterior seawater and interior floodwater levels. While the surface of floodwater
inside a compartment remains below the breach, the head difference and thereby the flow
rate increases only by the amount that the vessel settles in the water due to the added mass
of the floodwater. However, assuming the vessel is still afloat, once the interior floodwater
level reaches the breach, the head difference and consequently the flow rate will start to
reduce as interior and exterior water levels converge, albeit that the vessel continues to settle
in the water. In other words, flow rate may fluctuate significantly as a compartment fills.

6. Assessment of breach size

Examination of the hull sections in diagram 1 suggests it is likely that hull damage from a
trawl door sufficient to cause such major flooding would probably occur longitudinally in the
vicinity of the trawl blocks some 3 metres forward of the AP. It would seem likely that any
damage would be sustained vertically between the inflexion points at the top and bottom of
the turn of bilge (i.e. between the two curved red lines on the sections to the left of the
centreline in diagram 1) which were close to and 1.8 metres below the waterline respectively
before the damage occurred.

The formula below is used to establish flow rate through a submerged orifice:
Q=0.6AV2gH where Q = Flow rate in metres® per second

A = Orifice area in metres?
g = Acceleration due to gravity (9.81 metres/second?)
H = Head difference in metres

The formula may be rewritten to calculate orifice area from flow rate and head difference:

A =Q/(0.6\2gH)

If the damage occurred at the proposed maximum 1.8 metres below the waterline and the
flow rate was 790 litres per minute, the breach area was approximately 37cm? in area.
Assuming the damage was at half that depth (i.e. 0.9 metres) with the same flow rate, the
breach area would increase to about 52cm?. Had the damage been sustained just below the
waterline, for example 0.2 metres below, the area would increase to about 111cm2. The
diagram below plots breach area against depth below waterline at 790 litres/minute flow rate:
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0.80 [— | ot i |

- ¥ - | —— 1 1 - . —

1.00 i | 1
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| |
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Diagram 7 — Plot of breach depth against area
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7. Assessment of pump size required to prevent loss

Even if it had been working at its maximum, the 250 litres per minute capacity of the Makita
PF1110 submersible pump was clearly insufficient to handle an inflow that was at least three
times greater at about 790 litres per minute. On the face of it, a pump of at least the same
flow rate would be required to stem the flow.

However, as the aft peak filled, the head difference between exterior seawater and interior
floodwater levels decreased thereby reducing the flooding rate. The difference reached its
minimum of approximately 1.3 metres with about 50 tonnes of floodwater aboard. Assuming
the breach area was about 37cm? (see section 6) the flooding rate would have been about
680 litres per minute at this point implying that a pump with a capacity some 14% less than
790 litres per minute unit might have kept the vessel afloat, albeit lower in the water. In other
words, because it would be capable of maintaining a greater head difference the larger pump
would have to discharge a greater volume of water in stemming the flow than the 680 litre per
minute unit.

8. Effect of using main bilge and/or deckwash pumps
in addition to submersible pump

The 50mm diameter drain valve between the aft peak and the engine room, located in the
vicinity of the propeller shaft, was kept closed for most of the accident duration. The following
notes assess the effect of leaving this valve open, thereby potentially making it possible to
augment the submersible pump with the main bilge and/or deckwash pumps discharging from
the engine room bilge. These pumps had capacities of 70 and 35 cubic metres per hour
respectively (1,166 litres per minute and 583 litres per minute).

When the breach first occurred, the flow rate through the open bulkhead valve would have
been low reflecting the small head difference between the bilges in the aft peak and engine
room. However, water flowing into the small volume of the keel blister (between frames 7
and 9 under the aft peak, about 1.4 cubic metres) at around 790 litres per minute would have
filled this space in less than 2 minutes increasing the head difference between the floodwater
in the aft peak and engine room to at least 1.2 metres. Flow rate through the 19.6 cm? drain
would thus have rapidly increased to about 5.8 litres per second (348 litres per minute). This
was well within the capacity of either the bilge or the deckwash pump.

Assuming that the first 20 minutes of flooding into the engine room would not be sufficient to
get a satisfactory draw from the bilge pump strum, there would still have been 75 minutes
pumping time to the arrival of the lifeboat. Assuming there were no blockages, either of the
two pumps in the engine room could have removed about 26,000 litres of floodwater (26.65
tonnes) in that time, allowing for stoppages to ensure a sufficient head of water at the bilge
strum. In other words, when the lifeboat arrived, there would have been a reduced total of
about 35 tonnes of floodwater aboard, about 43% less than the 61 tonnes projected in
Section 5 above.

The data in appendix 5 indicates that the vessel would have remained upright and stable with
30 tonnes of floodwater in the aft peak and 5 tonnes floodwater in the engine room bilge.

9. Conclusion

The trim and stability data coupled with the timeline indicates that flooding into the aft peak
had an average flow rate of about 790 litres per minute (13.2 litres per second), varying
considerably as the compartment filled and the vessel sank deeper in the water. The location
of the damage is not known but given that it was caused by a trawl door, it is reasonable to
assume that it was on the turn of bilge in the vicinity of the trawl blocks, i.e. approximately 3
metres forward of the AP and between the waterline and 1.8 metres below the waterline. The
resultant breach area is estimated to range from more than 111cm?to 37cm?, respectively.

The submersible pump had a maximum capacity of 250 litres per minute which was less than
a third of the inflow rate. If the drain valve in the aft peak bulkhead had been left open and
the engine room bilge pump had been used to augment the submersible pump, the 61 tonnes
of seawater estimated to be aboard when the lifeboat arrived would have been reduced to
about 35 tonnes, the vessel remaining stable with both compartments partially flooded.
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Annex D

MAIB Safety Flyer to the Fishing Industry





