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1 INTRODUCTION

1.1 Background

Thisannex is a part of the FSA of bulk carriers, Fore end watertight integrity, carried out
by IACS.

The focus of the overal study has been on the fore end of the bulk carriers, including the
evaduation of risk control options amed a preventing or mitigating fore end flooding
scenarios. The scenarios investigated include the flooding of No.1 cargo hold.

The risk contribution from gructurd falure of the fore-end resulting in water ingress is
estimated based on the smple event tree shown in the figure below.

Escalation? Total loss of
Substantial water ingressin YES ship
forepeak or No. 1 cargo hold .
bl 9 NO Serious casuaty
| |
Side shell nan Failure of deck
failure : fittings
failure

Combination of fault tree and event tree used to quantify therisk contribution from
water ingress scenariosresulting in serious casualty (including total 1osses)

Each event in the fault tree below is andyzed in a dedicated Annex. The present annex dedls
with the event ‘ Fallure of deck fittings and its possible escdation.

1.2 Objective

The objective of this annex isto evauate, by Cost Effectiveness Andyss, the following Risk
Control Options (RCOs) rdated to the watertight integrity of the fore end of bulk carriers:

» implementation of aforecesle

= implementation of abulwark



= implementation of a system for monitoring the forepeak and hold No.1
= implementation of a stronger design and remote closure of deck fittings.
All these RCOs were evad uated on both new and existing ships.

1.3 Scope

The study of this annex was redtricted to the forepeak and hold No.1 of typica bulk
carriers, focusng on the three upper typica bulk carrier Szes. The Handysize bulk carriers
were not conddered, mainly because they exhibit a large variation in Sze, routes and
characterigtics, and many of them below 20,000 dwt are not even mentioned in the casudty
databases.

In addition to the Size, further characterigtics of the selected ships are:
- congructed before the entry into force of the new SOLAS Chapter X1
compliant with IACSUR S21
flush deck
B-60 freeboard
no water ingress darms in forepeak and holds.

1.4 Approach

The object of this study is the forepesk flooding, due to the loss of watertightness through
the various access openings on deck. In theory, abulk carrier strictly compliant with current
regulaions is not supposed to withstand the flooding of the forepeak and one hold. If thisis
the case, the bulk carrier can be rapidly lost, due to either loss of reserve of buoyancy, or
capszing for loss of gability due to free surface effects combined with wave and wind
indining moments, or hull girder collgpse.

The accident scenario was assumed to take place in any of the North Atlantic, Pacific
Ocean and Indian Ocean, as they are the zones where most commodities are traded (Eknes
et al,1997) and where most of the bulk carriers were lost.

Two scenarios of fore-end flooding were investigated:
1. flooding starting from the forepeak and propagating to hold No.1 (Scenario A)
2. flooding garting from the hold No.1 and propagating to forepeak (Scenario B).

The water ingress, in this modd, was assumed to occur exclusvely through to the loss of
watertightness of some fittings on the forepeak (air pipes, companionway hatch, etc.) and
hatch cover No.1, caused by the loads due to the sea action.

The basic tools used in this sudy are:

= event tree analyss, to provide a clear picture of the most important accident sequences
= fault tree andysds, to represent the causes of the ET nodes

= agmplified probabilistic methodology to mode the seainduced |loads.



The risk model was then tuned againg the available casudty Statigtics, which represents the
redlity of the accidents.

The risk modd was used to assess the effectiveness of forecastle/bulwark and monitoring
system; for deck fittings, no datiticd data is available, furthermore the current regulations
do not st any explicit scantling criteria for them. Therefore, this RCO was cursorily
assessed by assuming the same effectiveness of the forecastie/bulwark.



2 HAZARD REVIEW

No hazard identification was performed for this study, because the hazards relevant to bulk
cariers have dready been subject to intensve sudies. Only a cursory investigation for
further sources was made, which confirmed the main issues of the dready avallable materid.
The following table summarizes the available sources for the hazards relevant to the fore-end
as above defined (see Annex 8).

Source Pertinent Hazards

MSC 72/INF. 4 (IMO,2000) | All

MSC73/INF.10 (IMO,2000) | All the ones belonging to Accident Category 1 and 2
Entries4.1 and 4.2 of Accident Category 4

Prdiminary Hazard Ranking | All the ones belonging to categories LOHI BOW and

by MCA LOHI CARGO
Past RINA survey reports| Hazards mainly related to hatch covers and transverse
(confidentid) bulkheads. In generd, they are consstent with the ones

mentioned in the above reports.

A datistic of severa years ago pointed out that the faults
of hatch covers not directly attributable to improper use
were mainly due to failures of the seding system (50%),
cover sheet plates (25%) or actuation (opening/closing)
systems (25%). Thisis aso confirmed by a recent paper
(Byrne, 2000), which proposes the use of appropriate
tools and checkligts for the survey of hatch covers ad
coamings.

In addition to the typicd hazards (underszed sedls,
mishandling, corrosion and wastage of closng dements
like cleats, tracks, whedls etc), in some cases the
transverse and peripherd hatch cover joints are too stiff
with respect to the deck, preventing them from adjusting
to the hull deformations. This can be viewed as included
in the design errors.

Another hazard, referred to the transverse bulkheads of

the water ballast tanks (thus applicable to the forepesk as
well), is the dructurd damage due to dynamic loads
consequent to a too fagt filling-up procedure. This can be
viewed as included in the operationd errors.




3 RISK ASSESSMENT

3.1 Dé€finition of the Bulk Carrier Mission

The mission phases congdered in the consequence analysis are basically the loaded passage
in departure and arriva conditions. The balast passage was not deemed significant, as the
forepeak isdready full of water in such condition. Even in the case when the forepeak is not
fully flooded, it is estimated that the low free surface of the forepesk cross-section is not
aufficient the generate significant doshing loads on the bulkhead. This is dso supported by
previous studies of historical data, e.g. Eknes et al (1997), where the balast conditions was
found to account for less than 3% of the serious casualties,

It was then necessary to estimate the exposure period of the ships, in laden conditions, in the
three zones. Elaborating on the Fearnleys data from Eknes et al (1997), and assuming an
average bulk carrier speed of 14 knots, an average one-way voyage results to last from 13
to 16 days. Allowing 5 days per voyage for loading/unloading, and neglecting the back trip
in balast, the exposure time results about 150 days per year for each bulk carrier type.

In addition to the previous congderations, the fore-end flooding was not considered a
concern during the phases of loading /unloading, port, lay-up, dry-docking etc.

The bulk cariers under study were assumed to be saling in any of the North Atlantic,
Pacific Ocean and Indian Ocean, as they are the zones where most of the commodities are
traded (Eknes et al,1997) and a great number of bulk carriers were lost.

3.2 Equipment of the Selected Bulk Carriers

The sdected bulk cariers are in grict compliance with pre-SOLAS Xl regulations,
including IACS UR S21, but not IACS UR S24, which isfitted only in asmall percentage of
the fleet. Therefore, it was assumed that any non-mandatory equipment is not fitted; in
particular, no bilge dams are ingdled in the forepeak.

The equipment that may be involved in the sdlected scenarios is the bdlast system, assumed
to double as an emergency system to pump out the water rapidly in case of flooding. The
sdlected bulk carriers feature a sngle balast pump line connected to the forepeak and the
holds, with each volume that can be isolated via a dedicated hydraulically operated vave.
The typicd equipment comprises one bdlast pump and another high capacity pump (both
located in the machinery spaces at the stern) to be wed as a back-up, which may be
another balast pump or afire protection systlem pump. Pumps and vaves were assumed to
be operated from the bridge. The actua equipment is of course subject to some variations
on the specific red ships.

The study assumesthat :



= the shipsandyzed are seaworthy and properly maintained and operated;

=  emptying the forepeak of such B-60 bulk cariers is theoreticdly enough to guarantee
their surviva, asthey are supposed to withstand the flooding of one hold; thus, in case of
flooding of both the forepesk and hold No.1, the action of emptying hold No.l is
unnecessay;

= the flooding of the forepeak or hold No.1 does not hamper the correct function of the
high-capacity pumps, as they are located at the stern.

3.3 Review of Past History

Cases have been retrieved from LMIS for bulk carriers of 20000+ dwt between 1978 and
1998. From them, the lower and upper bound for the frequency for tota loss of bulk
carriers due to fore end flooding were estimated to lie between 2.7 - 10° /bulk carrier-y
and 2.7 - 10 /bulk carrier-y , or, in terms of fatalities, between 5.98 - 10™ /bulk carrier-y
(lower bound) and 5.82 - 102 /bulk carrier-y (see Annex 2).

An gpparent inconastency lies in the number of Serious Casudties being much lower then
the Tota Losses (7 versus up to 20). This implies a lack of data reported, as it is not
believable that the accidents with the worst consequences outnumber the others.

The datidica uncertanty in the risk contribution for the fore-end flooding hence is
consderable. The reference point was taken as the mean of alognormal distribution defined
by assuming the two values as the 10% and 90% percentile respectively. It results:

F(CTL dueto fore-end flooding) = 1.2 - 10 /bulk carrier-y.

An additiond review was carried out on Annex 2 to estimate the change in the basdine risk
brought about by the introduction of ESP, IACS UR S21, IACS UR S24 and SOLAS XII.
For this study, it was reckoned that ESP and SOLAS XII do not significantly improve the
vessdl’s resistance to the scenarios described in § 3.4. On the contrary, IACS UR S21 and
24 play an important role, the former because it increases the hatch cover strength, the
latter improves the detection of a flooding and, consequently, the possibility of intervention
or, should this fall, the crew evacuation time. UR S24, however, has been fitted only on a
limited number of vessds o far.

From the statistics, the following average loss of life was inferred:
Totd loss due to water ingress without detection = 25 lives lost
Totd loss due to water ingress with detection = 5.4 lives lost
Serious casudty dueto water ingress excluding total loss= 0.05 liveslogt.



3.4 Probabilisic Evaluation

This section provides a generd outline of the methodology followed for the risk assessment.
Appendix 2 provides the full detals of the andysis.

As sad earlier, the accident scenario was assumed to take place in any of the North
Atlantic, Pacific Ocean and Indian Ocean.

Two scenarios of fore-end flooding were investigated:
1. flooding starting from the forepeak and propagating to hold No.1 (Scenario A)
2. flooding garting from the hold No.1 and propagating to forepeak (Scenario B).

A further posshility of escdation obvioudy exigs, namdy, flooding from hold No.1 to the
adjacent holds. This scenario was investigated in Annex 4, as the RCOs dedt with in this
annex would not be effective in such Stuations.

The two scenarios were represented by means of Event Trees, that are basicdly the same
with a different order of the nodes (Fig. 3.4.1 and 3.4.2). The ET nodes represent the
principd influences that affect the risk. They are described in the following; basicdly, the
same description gpplies to both ETS, recdling that, for scenario B, the order is
Watertightness of hatch cover No.1 given deck wetness, detection of hold No.1 flooding,
corrective action for hold No.1 flooding, watertightness of the forepeak, detection of
forepeak flooding, corrective action for forepeak flooding, ship surviva.

The frequency of each sequence was obtained by multiplying the frequency of the couple of
events WH and AH by the probability of the other nodes, as they are independent.

10



Figure3.4.1

ET for Scenario A

WF DF AF WH DH AH Liveslost
1. 0K
Y 2.0K
Y
Y Y N 3.SC
N
N 4.SC
5.8C
Y 6. SC
Y
N1
Y Y N 7.CTL 5.4
N
N 8.CTLL 25
9.sC
Y
N2 10.CTL 54
Y
N
N 11.CTLL 25
12.SC
Y 13.SC
Y
N
Y N 14.CTL 54
N
N 15.CTLL 25
LEGENDA
WF Loss of watertightness of the forepeak given deck wetness ~ N1=human failure
DF Detection of forepeak flooding N2=pumping system failure
AF Action of emptying the forepeak
WH Watertightness of the hatch No. 1 OK=no consequences
DH Detection of hold No.1 flooding SC=serious casualty
AH Action of emptying hold No.1 CTL=total loss with early warning

CTLL=total loss without early warning
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Figure3.4.2

ET for Scenario B

WH DH AH WF DF AF Liveslost
1. 0K
Y 2.0K
Y
Y Y N 3.SC
N
N 4.SC
5.8C
Y 6. SC
Y
NI
% % N 7.CTL 54
N
N 8.CTLL 25
9.SC
Y
N2 10. CTL 54
Y
N
N 11. CTLL 25
12.SC
Y 13.SC
Y
N
Y N 14.CTL 5.4
N
N 15.CTLL 25
LEGENDA
WF Watertightness of the forepeak N1=human failure
DF Detection of forepeak flooding N2=pumping system failure
AF Action of emptying the forepeak
WH Loss of Watertightness of hatch No. 1 given dek wetness OK=no consequences
DH Detection of hold No.1 flooding SC=serious casualty
AH Action of emptying hold No.1 CTL=total loss with early warning

CTLL=total loss without early warning
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3.5 Description of ET Nodes

The nodes are balow described for the ET of Scenario A, as those of Scenario B do not
differ in nature, but only in the order of their pogition in the two ETs.

3.5.1 Initiating Event: Loss of Watertightness of the Forepeak (WF)

This event is of course conditioned to the presence of deck wetness, the probability of
which was inferred by combining the atigtics on bulk carrier routes obtained from Eknes et
al (1997) and the tables of sea Satesin the various sea aress.

This node should, in principle, have as many outcomes as the various possibilities of water
ingress from the forepeak openings.

However, the events of failure of watertightness of two or more openings are not necessarily
independent. For ingtance, if two ventilating pipes are Stuated close enough to each other,
they both could be carried away by the green sea; operators may commit the same lgpse in
securing cleats on more than one hatch, etc.

To get around al these vagaries, a fixed opening area was assumed for each reference

vessd of the base case, corresponding to the cross sectiond area of typica deck fittings
(see Appendix 3 for details).

3.5.2 Detection of Forepeak Flooding (DF)

This node represents the possibility that the crew detects the flooding of the forepeak. As
dready explained, no level darms or indicators are fitted, thus the detection relies on routine

ingpections.

3.5.3 Corrective Action of Forepeak Flooding (AF)

The corrective action is the possibility of pumping the water out of the forepesk by using the
ballast water pump as abilging system. The failure of this node can be due to either failure of
both pumps or the isolaing vave on the piping, or to human failure to perform the action. It
was not deemed redlidtic that the failure of the hardware be restored within the timing of the
accident sequence; therefore, if the pumping system fails, it will not be available for the node
AH described in 8§ 3.5.6, either.

354 Watertightness of Hatch Cover No.1 (WH)

For scenario A, the loss of watertightness of hatch cover No.1 is due to the effects of the
sea loads, which tend to become more severe if the preceding nodes fail: the waves would

13



impinge on the hatch cover more frequently as a consequence of the forward trim, in turn
caused by the forepeak flooding. In the lack of any data, the opening in the haich cover
which is caused by the wave load was assumed to be a fraction of the hatch area.

3.5.5 Detection of Hold No.1 Flooding (DH)

This node represents the possihility of detecting the water entering No.1 in the absence of
means of detection as per IACS Unified Requirement S24.

3.5.6 Corrective Action of Hold No.1 Flooding (AH)

The corrective action is the posshbility of removing the water from the hold by using the
bdlast water pump as a bilge sysem. This action failsif the hold is loaded, if the crew falsto
take the proper actions or the isolating valve on the piping fails to open.

The following results were obtained.

Frequency of total loss (per bulk carrier-year)
Capesize Panamax Handymax
A B A B A B
1.6- 10|24- 10(21- 10|9.3- 10|11- 10|95 10°

5 5 5 5 4

Weighing the results on the percentage of the population corresponding to Capesize,
Panamax and Handymax (about 18%, 36% and 46% respectivdy, from
Www.intercargo.org), one obtains an overal frequency of total loss of about 1.3 - 10
/bulk carrier-year, which compares favorably with the reference point of § 3.3.

3.6 Consequence Evaluation

This study is focused on the sequences of both ETs leading to loss of life. All the other
sequences were not considered to bring serious consequences, and were not andyzed in
detall. The consequences were distinguished into Serious Casudty (SC) if the ship survives
given flooding of either forepeak or hold No.1, Congtructive Total Loss (CTL) if the ship is
lost but most crew survive, Congtructive Total Losswith Loss of Crew (CTLL) if theshipis
lost and the crew (or most of them) do not survive.

The rationale of the separation between CTL and CTLL isthat the sequences characterized
by detection success and action falure bring different consequences from those
characterized by detection failure and action failure; in the former case, the crew is derted
and has a higher probahility of evacuating before the ship sinks. This is confirmed by the
historic picture (see § 3.3).

14



It was decided not to include the contribution of loss of life due to SC, as the modd yidlds a
frequency of serious casudty much greeter than obtained from the historical data, for various
sources of conservatism inherent in the mode (see Appendix 3). However, as pointed out in
§ 3.3, it isredigtic than the SCs are much more numerous than the CTLS; the result of the
modd may be onthe high Sde, but it isaso very likdly that the historicd picture is defective.

The full detalls of the quantification of the two ETsis given in Appendix 2. The results are
summarized in the following table.

PLL (in fatalitiesbulk carrier-year)
Capesize Panamax Handymax
A B A B A B
3.7- 10159- 10(47- 10|23 10|26 10|24 10°

4 4 4 3 3
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4 COST-EFFECTIVENESSANALYSIS

This section provides the Cogt- Effectiveness Analysis (CEA) for each of RCOs listed in 8
1.2.

In this study, the cost-effectiveness was expressed in terms of Gross Cost of Averting a
Fatdity (GCAF), defined asfollows:

DCost

DRisk

DCost is the margina (additiona) cost of the risk control option, whils DRisK is the
reduced risk in terms of fatdities averted, i.e., the expected reduction in number of fatdities.
This latter should be measured in terms of Potentid Loss of Life (PLL). The unit of PLL is
[Expected fatdities per ship-year]. GCAF evauates the risk control options in terms of
additiond safety only.

An additional cogt-effectiveness measure is given by Net Cost of Averting a Fatdity
(NCAF), where not only the increase in safety, but adso the economic benefits of the
investigated risk control options are accounted for. Economic benefits (or risk reduction)
may aso include the economic vaue of reduced pollution.

NCAE = DCost - DEconomic Benefits — GCAF - DEconomic Benefits

DRisk DRisk
The study reports both measures for the risk control options.

GCAF=

In this study, a GCAF criterion of 3,000,000 US $ per averted fatdity was adopted,
conggtently withdoc. IMO MSC72/16 submitted by Norway (2000).

Therisk variation isthe difference in PLL for the two solutions, in both scenarios.

DCo4 is the cogt variation due to the implementation of the RCO (excluding the off-hire,
which is very much amatter of proper planning organization)

DRisk is the corresponding risk decrease in terms of PLL reduction per year, multiplied by
the ship’s life expectancy in years.

DEconomic benefits, in US $ per ship lifetime, should be the sum of the two following terms:

= decrease in the frequency of ship loss per year multiplied by the ship’s life expectancy in
years, multiplied by the cost of atotd loss ($ 24,808,000, see Annex 2)

= decrease in the frequency of serious casudty per year multiplied by the ship's life
expectancy in years, multiplied by the cost of a serious casudty ($ 5,608,000, see
Annex 2).

Future benefits due to reduced pure economic losses should be discounted at a rate defined
as corporate rate of return. In this study, a corporate rate of return of 10% is used. Said
DR the reduced economic losses due to the decrease of the frequency of casudty (in US$
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per ship-year), r the corporate rate of return (= 0.1) and n the expected ship’s lifetime in

years (25 or 15 for new and exigting ships), it results:
DEconomic benefits = DR, (L) -1 .
r(1+r)"

In this study, the benefits due to the reduction of Serious Casudty were not included, due to
the uncertainties in this caculation. Thus, the RCOs appear less codt-effective than they
redlly are, and the conclusions are more robust.

It is to be noted that, in principle, the NCAF thus defined may assume negetive vaues. this
implies that the economic benefits, in terms of reduced risk of losing the ship, exceed the
cogts of the implementation of the RCO.

41 Forecastle

It must be premised that this RCO, aong with the Bulwark, can be proposed as a retrofit
only on ships whose bridge postion ill adlows to comply with the current regulations of
navigation bridge visibility (SOLAS Chapter V, Reg. 22), otherwise other RCOs have to be
adopted (modifying the bridge would raise the costs up to an unacceptable level).

The quantification of the long term probability of loss with a 2.5-m increase of the fore-end
freeboard brings the following results. The overdl PLL is obtained by summing up the PLL
resulting from Scenario A and B, which are treated as mutudly exclusive.

PLL (fatalities/ bulk carrier-year)

Capesize Panamax Handymax

forecastle[m] A B A B A B

0 (BaseCase)(3.7- 10|59 10(47- 10(23- 10|25 10|24 - 10

4 4 4 3 3 3

2.5 80- 10712- 10|53 1083- 10|10- 10|12 - 10

10 4 7 4 4 3

DPLL 8.45E-04 1.97E-03 3.73E-03

To evduate the robustness of the CEA, lower and upper cost bounds for the RCO were
examined, associated to a life expectancy of 10 years for existing ships and 25 years for
newbuildings. It is to be recdled that the RCO cost wes estimated to be 70% lower if
implemented on newbuildings

This quantification does not take into account the costs of ingpections, but on the other hand
the benefits which may accrue from the reduction of sea damages due to the RCO
implementation were not considered.

Existing ships

Ship type GCAF GCAF NCAF NCAF
(Lower bound) (Upper bound) (Lower bound) (Upper bound)
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US $, millions per
averted fatality

US$, millions per
averted fatality

US $, millions per
averted fatality

US$, millions per
averted fatality

Capesize 21 40 20 39

Panamax 49 9.2 4.3 8.5

Handymax 14 2.7 0.77 2.1

Newbuildings

Ship type GCAF GCAF NCAF NCAF
(Lower bound) (Upper bound) (Lower bound) (Upper bound)
US$, millions per US$, millionsper | US$, millions per | US$, millions per

averted fatality averted fatality averted fatality averted fatality

Capedize 2.6 4.8 2.2 4.5

Panamax 0.6 11 0.24 0.74

Handymax 0.17 0.32 -4.9 -2.0

4.2 Bulwark

The same probabilities of ship loss and PLL gpply as shown in the previous paragraph.

To evduate the robustness of the CEA, lower and upper cost bounds for the RCO were
examined, associated to a life expectancy of 10 years for existing ships and 25 years for
newbuildings. It is to be recdled that the RCO cost was estimated to be 70% lower if
implemented on newbuildings.

This quantification does not take into account the costs of ingpections, but on the other hand
the benefits which may accrue from the reduction of sea damages due to the RCO

implementation were not considered.

Existing ships
Ship type GCAF GCAF NCAF NCAF
(Lower bound) (Upper bound) (Lower bound) (Upper bound)
US$, millions per US$, millionsper | US$, millionsper | US$, millions per
averted fatality averted fatality averted fatality averted fatality
Capesize 9.5 18 8.8 17
Panamax 2.3 4.2 17 3.7
Handymax 0.7 13 0.07 0.63
Newbuildings
Ship type GCAF GCAF NCAF NCAF
(L ower bound) (Upper bound) (Lower bound) (Upper bound)
US$, millions per US$, millionsper | US$, millionsper | US$, millions per
averted fatality averted fatality averted fatality averted fatality
Capesize 11 2.1 0.8 18
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Panamax 0.27 0.52 -0.08 0.16

Handymax 0.1 0.15 -0.28 -0.22

4.3 Monitoring System

The incluson of a monitoring system concelved as described in the previous section is
expected to virtudly eiminate the contribution of the human eement falure for Scenario A,
where a prompt detection of the forepesk filling and operation of the pumping system can be
redlly effective to prevent the escalation sequence. Thisis true, however, if the layout is such
as to prevent the pumps from being flooded or disabled.

A continuous monitoring is preferable to an darm, as it is much more usar-friendly and
dlows for a prompter intervention. As to the requirement of ship fore and aft inclination (5°
datic and 7.5° dynamic, see eg. RINA Rules 2000), it corresponds to a trim of the
anadyzed ship which would not be reached even with the forepesak flooded. In any case, a
timely dert of the crew is a matter of proper set point of the ingrument, if only an darm is
fitted.

On the other hand, it would be less effective to prevent Scenario B, as it has been shown
that the probability of operating successfully the balast pump to empty hold No.1 is quite
low; consequently, this RCO would only be useful to avoid the filling of the forepesk after
hold No.1. The trim by bow would not be fully iminated, but only reduced. According to
the initia assumptions of this study, however, the ship would not be lost with only one hold
flooded.

It can be concluded that, speaking drictly in terms of potentid loss of life, the effectivenessis
comparable in both scenarios. In any case, it is indisputable that the presence of ardiable
and efficient means of detection contributes at least to aert the crew by giving an early
warning, and, definitely, to increase the probability of a successful evacuation if nothing else.

Thefollowing PLL results, in both scenarios

PLL (fatalities/ bulk carrier-year)
Capesize Panamax Handymax
A B A B A B
Base case 37- 10| 59 |47- 1023 10|26- 10|24 - 10°
4 10-4 4 3 3
With automation (1.8. 10| 20- |[27- 10|7.8- 10|13- 10| 8.0- 10’
7 10-7 7 7 6
DPLL 7.4E-04 9.5E-04 5.2E-03
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The solution gppears very effective, asthe PLL is reduced dmost completely. Thisis dueto
the dimination of the mogt sgnificant ET sequences, due to the increased reiability of the
detection of water in the forepeak.

It is to be underlined that the cost estimates refer to a particularly complete monitoring
sysem, induding redundant means of detection and remote controls, and thus they are on
the high sde. This explainsits great effectiveness, as the crew can dways have the Stuation
under control in the forepeak and bos n store spaces, thus promptly detecting any anomaly.
If other solutions are envisaged, it is necessary to re-anayze their cost- effectiveness by the
same methodology.

Another point is that, unlike the forecastle or the bulwark, the effectiveness of the
Monitoring System relies not only on design aspects (which must achieve an intringcaly high
reliability), but dso on maintenance, training and spare parts. dl issues that have to carried
on for dl the ship’'slifetime.

The GCAF and NCAF for both cases was estimated as follows.

Exigting ships
Ship type GCAF GCAF NCAF NCAF
(Lower bound) (Upper bound) (Lower bound) (Upper bound)
US $, millions per US$, millionsper | USS, millionsper | US$, millions per
averted fatality averted fatality averted fatality averted fatality
Capesize 54 7.7 4.6 6.9
Panamax 4.2 6.0 2.4 4.2
Handymax 0.8 11 0.16 0.49
Newbuildings
Ship type GCAF GCAF NCAF NCAF
(Lower bound) (Upper bound) (Lower bound) (Upper bound)
US$, millions per US$, millionsper | US$, millionsper | US$, millions per
averted fatality averted fatality averted fatality averted fatality
Capedize 0.65 0.93 0.17 0.44
Panamax 0.51 0.72 -0.57 -0.36
Handymax 0.1 0.13 -0.27 -0.23

4.4 Upgrade of Deck Fittings

In the lack of standards to evauate the corresponding risk decrease, the replacement of
current deck fitting with sturdier ones was cruddly assumed to be as effective as the
implementation of a forecastle. Another important contribution of the proposed upgrade is
the remote closure of the fore-deck openings. Thiswill contribute to nullify the possibility of
leaving them open, a a price of additiona maintenance. However, it is not possble to
edimate this effect in probabiligic terms, as it would require the cdculatiion of the
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contribution to the risk due to the human failures, not deducible from the casuaty gatitics.
In any case, if the upgrade has the same effectiveness as the forecastle or bulwark, which is
the most optimistic assumption, the GCAF and NCAF would be better particularly for
Capesize and Panamax.
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5 SENSTIVITY ANALYSS

The andyssis affected by the following main severa sources of uncertainty:

1. the gpproximations made in the model of compartment flooding

2. the amplifications inherent in the description of detection and corrective actions
3. theuncertainty of the input data.

The sources of type 1 uncertainties are better described in Appendix 3. They are sgnificant,
but do not play the mgor role one could expect, because the results (admittedly, quite
consarvative) of the model were tuned on the casudty dtatistic; thus, the conservatism was
someway compensated.

The smplifications of type 2 were due to the generic nature of the bulk carrier equipment
takes as reference. The actuad procedure of remova of water from the flooding
compartments depends very much on the edity of the specific ships, in terms of both
crew’'s characterigtics and hardware involved. However, the detalled sudy of the case-
specific tasks was out of the scope of thiswork.

The sengitivity andysis was redtricted to type 3. The data selected for the senstivity were:
the falure of the pumping sysem hardware (node AF-N2 of Scenario A and AF of

Scenario B) and the falure of the detection of forepesk flooding (node DF of both
scenarios).

5.1 Sengtivity of Pumping System

The following data were gpplied.

Electricaly driven seawater pump failsto sart: unavailability on demand =
=0.25/dem (OREDA-92, item 1.3.1.3, mean)

Electricaly driven seawater pump fails to run: failure rate = 1.0- 10 /n (OREDA-92, item
1.3.1.3, upper bound)

Hydraulicelly operated vave fails to open = 6.38- 10° /h (OREDA-92, item 1.2.2.1.1.1,
upper bound)

Hydraulicaly operated vave spurioudy closss = 4.73- 10° /h (OREDA-92, item
1.2.2.1.1.1, mean)

From the FT quantification, the probability of node falure, in this basic bulk carrier
configuration, is therefore:

ET of Scenario A: P(AF-N2) = 6.4 - 102

ET of Scenario B: P(AF) = 6.5 102
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The two ETs were re-quantified with this new vaues, but the impact on the results was
negligible. The CEA is not therefore sengitive to the probability of this event.

5.2 Sensitivity of Detection of Forepeak Flooding

The node DF of both ETswas assigned avaue of 0.5 (this means that the forepesk flooding
is detected if it occurs in daytime). Both ETs were re-quantified, but the impact on the
results is not such as to modify the conclusons. The CEA of the Monitoring System is
therefore little sendtive to the probakility of this event.

Another quantification was carried out by keeping the 0.9 vaue in the base case ETs, but
assuming that the Automation System has a failure probability of 1.0 - 107 instead of being
fully religble. The impact on the CEA of the Monitoring System is negligible, thus the results
hold in this case too.

6 DISCUSSION

As it was explained earlier, the risk picture obtained from the modd is affected by various
kinds of gpproximations. It is therefore advisable to refer to the upper bound of the CEA
(worst case), to make up, at least partidly, for the sources of uncertainty and not be overly
optimigtic in judging the RCOs.

This premised, the CEA andysislends itsdlf to the following condderations.

1. According to the andyss modd, the risk increases as the vessd Sze decreases.
Likewise, the CE of RCOs increases as the vessdl sze decreases. This is consstent with
the physical moded adopted, where the ship is better off the higher the freeboard and the
volume of hold No.1; the reason being that, in the same spell of time, it becomes
increesngly difficult to fully flood both compartments, which is actudly the necessary
condition to have a serious casudty of totd |oss, according to the escaation.

2. For newbuildings, the implementation of any of the RCOs (forecagtle, automation
system and, especidly, bulwark) is cogt-effective with the exception of the forecastiein

the Capesize.

3. Retrofitting existing ships brings a very different picture. No RCO appears cost-effective
for Capesize and Panamax, but only for the Handymax.

4. Some sengtivity analyss carried out on some significant data used as input in the ETs
did not change the CE sgnificantly.

Asfor the specific RCOs, the following consderations can be made.

1. The effectiveness of the forecastle/bulwark is much more ggnificant in preventing
scenario A than B
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2. The Monitoring System proposed as RCO is even more effective that the forecastle in

5.

abating the risk. The sengtivity andys's has shown that the results remain valid even with
the assumption of imperfect avalability of the sysem. The underlying reason of this
behavior is that, according to the risk model and the boundary of the analyss (restricted
to forepeak and hold No.1), the prompt detection of forepeak flooding enables the
crew to evacuate the water from it, which, according to the basic assumptions, is
aufficient to save the ship (designed to withstand hold No.1 flooding). The detection is
therefore instrumenta to eiminate the cause of serious casuaty or even ship loss.

However, the following issues should be borne in mind:

» unlike the forecastle which is a preventive RCO, the effect d the sysem in this
configuration is corrective;

> the forecadle is a passve measure totdly rdigdble per se, whilst the monitoring
system, as any active system, requires to be designed for reiability and properly
managed for the whole ship’ s lifetime to maintain its performance;

> on the other hand, the Monitoring System may be effective for scenarios not
addressed in the present study.

The improvement of the deck fittings gppears to be the most promisng RCO, once
proper standards are set forth for their scantlings. In the complete verson with remote
actuating vaves, it obtains better results than the bulwark (although of the same order of
magnitude), but it becomes cost-effective for both new and exiging ships for al szes if
restricted to the basic solution with replacement of the sted parts only. In this case,
though, the possibility of human errors remains intact and nothing can be said about its
possible impact on the results.

As alast consderation, the benefits due to the reduction of risk of serious casudty were

not included, thus the aforesaid results are on the pessmistic side, to the advantage of
their robustness.
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7 RECOMMENDATIONS

Therisk control options, ranked in terms of upper bound GCAF, are listed below.

Gross CAF below $ 1 million:

1. Implementation of aforecastle in new Handymax bulk carriers

2. Implementation of abulwark in new Panamax and Handymax bulk carriers

3. Implementation of a monitoring system in new Capesize, Panamax and Handymax bulk
cariers

Gross CAF between $ 1 million and $ 3 million:

1. Implementation of abulwark in new Capesize bulk carriers

2. Implementation of aforecastle in new Panamax bulk carriers

3. Implementation of a bulwark in existing Handymax bulk carriers

4. Implementation of amonitoring sysem in exising Handymax bulk carriers

Gross CAF between $ 3 million and $ 10 million:

1. Implementation of aforecastle or bulwark in existing Panamax bulk carriers

2. Implementation of aforecastle in new Capesize bulk carriers

3. Implementation of a monitoring system in existing Capesize and Panamax bulk carriers

Gross CAF above $ 10 million:
1. Implementation of aforecastle or bulwark in existing Capesize bulk carriers

All these RCOs look better if the NCAF is caculated, but it is interesting to note that in no
case does NCAF change the conclusions; that is, those non cogt-€ffective RCOs remain
such, and vice versa

Moreover, the following RCOs.

= Forecastle or bulwark for new Handymax

= Monitoring system for new Panamax and Handymax,

are judified from acommercid viewpoint done (negative NCAF).

It must be noted that a further RCO was taken into congderation, namely the improvement
of the deck fittings. The low cogt of this solution, estimated from prdiminary cadculations,
makes it very promising. If the effectiveness can be proved to be comparable to the
forecastle/bulwark, it becomes more compstitive than the bulwark if inclusive of remote
actuaing vaves, and definitdy the best dl-around (for both new and existing ships of al
gzes) if limited to the replacement of the fittings, a a price of maintaining the possibility of
human error.

Appropriate criteriafor the scantlings of these fittings should be set forth, which account for

the red environment where they can operate, in particular, the different type of wave loads
which impinge on horizonta and vertical fittings.
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APPENDIX 1
REVIEW OF HISTORICAL DATA

Cases have been retrieved from LMIS for bulk carriers of 20000+ dwt between 1978 and
1998, by searching for the terms "fore peak”, "forecastle’, and ”hawsepipe’ in the free
text, in addition to identifying the cases where the code evC was defined as related to the
fore end. The cases are given in the below table, and congtitute the cases we know for afact
involved fore ends of bulk carriers. The data can be used to establish a lower limit for the
frequency of flooding of the fore end.

12 cases in the below table involves fore end flooding, of which 2 are characterised as Non
Serious (NS), 7 as Serious (S), 2 were Actud Tota Losses (ATL), and 1 was a
Congructive Tota Loss (CTL). The number of corresponding bulk carrier years are 73
600. Thisgives alower limit for the frequency of flooding:

-2 _16 X0 * (per bulk carrier ship year)

pforeendfloodi ng 73600

Similarly, the lower bound for the frequency of tota |oss due to fore end flooding becomes:

2 . . .
plos&iforemdflooding(LB) = % = 2.7X.0°° (per bulk carrier ship year)

There are 17 cases in the database recorded as Foundered (11 cases) and Missing (6
cases). Limited information is given in the database of these cases, and some of them may
be caused by progressve flooding initiated in the fore end of the ships. Consarvatively, it
may be assumed that al the casudties were caused by fore end flooding, giving an upper
bound for the frequency for totd loss of bulk carriers due to fore end flooding:

19 . . .
P o4 foreendficoding (UB) = =3600 2.6 0 “ (per bulk carier ship year)

In addition, it is possible that in some of the Hull/Machinery total losses where weater ingress
into the first cargo hold was reported aso included water ingress in the fore end spaces. The
following table gives digtribution on holds, where reported. In 167 cases flooding was
reported and in (167-42) cases, there was an indication of where flooding occurred:

Frequency Percent Vaid Percent | Cumulative Percent
Vdid foreend 24 6.50 14.37 14.37
hold No.1 35 9.49 20.96 35.33
hold 2 13 3.52 7.78 43.11
hold 3 3 0.81 1.80 44.91
hold 4 3 0.81 1.80 46.71
hold 5 8 2.17 4.79 51.50
hold 6 1 0.27 0.60 52.10
hold 7 5 1.36 2.99 55.09
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engine room 23 6.23 13.77 68.86
misc. tanks 7 1.90 4.19 73.05
unknown hold 42 11.38 25.15 98.20
pump room 3 0.81 1.80 100.00
Total 167 45.26 100.00

Missng [Not flooding 202 54.74

Total 369 100.00
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CABLE BITTER END BRACKETS AND PIN
RENEW STARBOARD SIDE FORECASTLE
DECK PART RENEW W NDLASS BRAKE BAND
RENEW STARBOARD HAWSEPI PE
GUARDRAI LS RENEW

1984

55000.
00

10. 00

6519089

HUAND
oy

PER

17411

34602

196

HM

198611
12

REPORTED 12/ 11/ 86; LEAKAGE I NTO
FOREPEAK TANK WHI LST ON VOYAGE FROM
CALLAO TO HACHI NOHE. ARRI VED
HACHI NOHE 15/11/86 FOR SURVEY AND
TEMPORARY REPAI RS. PORT AND
STARBOARD BOTTOM PLATI NG SET IN AND
FRACTURED.

1986

5000. 0

21.00

7367550

LANTA

PEAK

HKG

AB

43867

78063

197

HM

198612
17

SUSTAI NED HEAVY WEATHER DAMAGE
WHI LST ON VOYAGE FROM LOS ANGELES TO
KASHI VA BETWEEN 5-17/12/ 86.

REPAI RED. STANDARD COMPASS TO REPAI R
AND RECALI BRATE, FORWARD LIFE- RAFT
ALREADY REPLACED W TH NEW 6- PERSON
LI FERAFT, TWO HAWSEPI PE COVERS TO
RENEW FORWARD BULWARK TO RENEW
APPROX 8 BY 4 FT AREA, SUEZ LI GHT

DAVIT TO REPAIR, PORT SIDE CHAIN
STOPPER HOUSING TO REPAIR BRACKET
AND ONE PLATFORM STOOL TO FABRI CATE.

1986

45000.
00

12.00

7305813

ULTRA

USA

AB

40362

83518

197

HM

198803
11

GASOL
I NE

SUSTAI NED HEAVY WEATHER DAMAGE
WHI LST ON VOYAGE FROM CONSTANTZA TO
NEW YORK ON 8 11/3/88. ARRIVED NEW
YORK 12/3/88. SURVEYED. REPAI RED.

SAl LED 15/ 3/ 88 FOR BEAUMONT.

1988

45000.
00

15. 00
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FORECASTLE DECK PLATING AND DECK
BEAMS DI STORTED, AND  FORECASTLE
STORAGE SPACE FLOODED.

8128676

AL
MAJEE

LIB

LR

25525

45501

198

HM

198812
02

SUSTAI NED HEAVY WEATHER DAMAGE
BETWEEN LAT. 40 42N., LONG 138
44W, AND LAT. 29 29N., LONG 168
09W, BETWEEN 2-9/12/88. PROCEEDED
ON VOYAGE FOR PORT MJUHAMMAD BIN
QASIM WHERE ARRIVED 10/1/89. PART
PERMANENT REPAI RS EFFECTED.
SUSTAI NED W DESPREAD DAMAGE TO
STRUCTURE AND FI TMENTS AND CONTENTS
OF FOREPEAK STORE DUE FLOODI NG

1988

25000.
00

8120741

ALBER
TA

GRC

LR

17882

30820

198

HM

199103
07

SURVEYED AT W LM NGTON, DE. , 7-
8/3/91 IN RESPECT OF HEAVY WEATHER
DAMAGE SUSTAINED WHILST ON VOYAGE
FROM ANTWERP. PART PERMANENT REPAI RS
EFFECTED. REMAI NI NG REPAI RS EFFECTED
BY CREW MWHILE VESSEL CONTI NUED
VOYAGE. REPORTED FORECASTLE PARTLY
FL OODED. PERMANENT REPAI RS TO
ELECTRI CAL MOTORS AND CONTROL PANELS
EFFECTED AT W LM NGTON, DE.

1991

5000. 0

8800107

CHI NA
GLORY

MYA

AB

36433

64615

199

HM

199205
05

REPORTED 5/5/92; LEAKAGE | N FOREPEAK
BALLAST TANK WHILST ON VOYAGE FROM
LOS ANGELES, CA., TO KAOCHSI UNG.
ARRI VED KAOHSI UNG 17/5/92 AND SAI LED
22/ 5/ 92.

1992

35000.
00

7313705

ARTEM
I'S

LIB

BV

17770

30190

197

FD

198012
27

TI MBE

SANK IN LAT. 31 OON., LONG 144
OOE., ON 28/12/80. AFTER FLOODI NG IN
FOREPEAK AND NO 1 HOLD ON 27/12/80
I' N HEAVY WEATHER. 23 CREW RESCUED BY
JAPANESE PATROL BOAT BEFORE VESSEL
SANK.

1980

5000. 0

ATL

6723862

CAPTA
I'N
VENI A
M S

GRC

15472

25575

196

199201
25

CALCI
um

NI TRA
TE

BEACHED OFF U DO IN LAT. 34 35
30N., LONG. 125 52 OOE., ON 25/1/92
AFTER SPRANG LEAK I N HEAVY WEATHER.
REFLOATED W TH TUG ASSI STANCE
1/2/92. SUBSEQUENTLY TOWED TO YANTAI

1992

5000. 0

25.00

CTL




AND THENCE TO QI NHUANGDAO. SOLD FOR
BREAKI NG UP. FOREPEAK TANK AND DEEP
TANK FLOODED TO SEA LEVEL, AND NOS.
1 & 2 DOUBLE BOTTOM TANKS AND PORT
SIDE SLUDGE TANK [N ENG NE ROOM
FULL.

7342457

Kl LMJ

HKG

LR

16646

26931

197

HM

198301
08

VHEAT

SUSTAI NED HEAVY WEATHER DAMAGE
BETWEEN 8-25/1/83 WHI LST ON VOYAGE
FROM VANCOUVER TO NAKHODKA. DI VERTED
TO HONOLULU 29/1/83 FOR TEMPORARY
REPAI RS, SAI LED 6/2/83 FOR NAKHODKA;

ARRI VED | NNOSHI MA 16/ 3/ 83 AND
PERMANENT REPAI RS EFFECTED.

SUSTAI NED DAMAGE TO PORT AND
STARBOARD SHELL PLATING IN WAY OF
HAWSE PI PES. VARI QUS M SC. DAMAGE TO
RAI' LI NGS, VENT. PIPES ETC. AND M NOR
FRACTURES | N CARGO HATCHES NOSs. 2, 4
AND 5.

1983

5000. 0

7341324

HELM

HKG

LR

86098

16179

197

HM

198401
17

SUSTAI NED HEAVY WEATHER DAMAGE
WHI LST ON VOYAGE FROM TUBARAO TO
REDCAR BETWEEN 13-17/1/84. CONTI NUED
ON VOYAGE. SURVEYED REDCAR 24/ 1/ 84;

SUBSEQUENTLY ARRI VED ROTTERDAM
29/ 1/ 84 FOR PERMANENT REPAI RS.

SAI LED 7/ 2/ 84 FOR SEPETI BA. PORT AND
STARBOARD HAWSEPI PES FRACTURED AND
HOLED TOGETHER W TH SHELL PLATI NG
AND | NTERNALS [IN WAY AND SUNDRY
M NOR DAMAGES ON DECK.

1984

75000.
00

10. 00

7379216

Cl SSU

LIB

AB

18693

33529

197

HM

198401
13

ALLEGED  SUSTAINED HEAVY  WEATHER
DAMAGE WHI LST ON VOYAGE FROM KOBE TO
PRINCE RUPERT, B.C., BETWEEN 13-
30/ 1/ 84. TAKEN TO KOBE WHERE
SURVEYED FOR REPAIR SPECI FI CATI ON.
LATER REPORTED TRADI NG. KEEL AND
BOTTOM PLATES I N WAY OF FOREPEAK AND
NO. 1 DOUBLE BOTTOM TANKS RENEWED OR
CROPPED AND PART RENEWED OR FAI RED

1984

5000. 0

10. 00

35




IN PLACE AND | NTERNALS I N WAY DEALT
WTH AS RECOMMVENDED. SEE LATER
CASUALTY | NCI DENT NO. 8416012.

7343085

DERBY
SHI RE

GBI

LR

91655

16904

197

XX

198009
09

| RON
ORE
16500

TONS

REPORTED 230 M LES E. S.E. OF OKI NAWA
I'N APPROXI MATELY LAT. 25 18N., LONG
133 12E., AT 0300 GMI ON 9/9/80 AND
LAST REPORTED AT 0930 GMI ON THE
SAME DAY DURING A TYPHOON. PARTS OF
A WRECK HAVE BEEN LOCATED
APPROXI MATELY 71 KM N.N.E. OF THE
LAST REPORTED POSI TION OF THE SHIP.
AN EXTENSI VE SEARCH BY THE RESEARCH
SHIP '"SHI N KAl MARU' I N JUNE, 1994
FOLLOWED BY A FURTHER EXPEDI TION I N
JULY, 1996 CONFI RMED SECTI ONS OF THE
WRECK AS BELONGI NG TO THE
' DERBYSHI RE' . FURTHER VI SITS TO THE
WRECK SITE HAVE REPORTEDLY TAKEN
PLACE. A UK/ EC ASSESSORS REPORT | NTO
THE LOSS OF VSL WAS PUBLI SHED
12/ 3/98.

1980

44

75000.
00

.00

ATL

36




APPENDIX 2
QUANTIFICATION OF THE EVENT TREES
This section explains how the probability of the sequences of the ETs was quantified.

Bascdly, the risk associated to each sequence comprises two terms. frequency and
consequence. For the purpose of this work, the consequences of interest are in terms of loss
of life of the crew onboard.

A2.1 Computation of Frequency

Thefollowing failures

Loss of watertightness of the forepeak (event WF)

Loss of watertightness of hatch cover No.1 (node WH),
were assumed as due exclusvely to the sea action, with a certain probability computed by
the smplified methodology described in Appendix 3.

In turn, the probabilities of detection and action failures were computed. As these nodes are
independent on each other, and on the other aforesaid three nodes, the probability of the
sequences can be obtained as follows.

The smplified methodology adlows to compute the joint probability of nodes WF and WH.
Therefore, taking sequence #3 as an example, it results:

P(3) =P(WFC WH) "~ P(DF)"~ P(AF-N1) "~ P(DH),

where the probability of flure of an event E is denominated as P(E), that of success as
P(E).

The whole sequence must then be multiplied by the exposure duration of a bulk carrier in a
year, i.e. 150 dayslyear (see § 3.2) and by 24/18 (= the number of 18-hour intervaswithin
one day). Hence, the frequency of sequence#8is.

F(8) = P(8) ~ 200 events/bulk carrier-year.

The risk mode was tuned to the historical frequency of total loss of any Capesize, Panamax
and Handymax.

A2.2 Computation of Risk
The quantification was carried out only for the ‘failure sequences, which are defined as

those corresponding to loss of life (LL), i.e. leading to Serious Casudty (SC) or
Congructive Total Loss (CTL or CTLL). These sequences are al characterized by the
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falure of WH conditioned to WF or vice-versa (i.e., flooding of both the forepeak and the
hold No.1).

Recalling § 3.3, higtoricaly a serious casudty (SC), atotd loss with early warning (CTL)
and a tota loss without early warning (CTLL) resulted in 0.05, 5.4 and 25 lives lost (LL)

respectively.

However, for the reasons explained in 8§ 3.6 of the main text, the loss of lives for SCs was
neglected.

The risk, in terms of the so-cdled Potentid Loss of Life (PLL) (actudly an expected loss of
lifein rigorous datigtical terminology), of each sequence was then obtained by multiplying the
frequency of each fallure sequence by the corresponding LL.

Thus, for the aforesaid sequence #8, therisk interms of PLL is:

PLL(8)=F(8) " 25.

The overd| PLL isthen given by the sum of the results of dl the failure sequences: the result
condtitutes the risk of the overal scenario under analysis . In mathematica terms, for a
number i of SC sequences, | of CTL sequences and k of CTLL sequences, the frequency of
the i-th failure sequence, the PLL is given by the following formula

PLL=3 (Fo,” 54+, (Fere” 25
The same procedure was repegted for the three bulk carrier Sizes selected.
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A2.3 QUANTIFICATION OF RISK IN SCENARIO A

The ET of Scenario A isreported below.

WF DF AF WH DH AH Liveslost
1. OK
Y 2. 0K
Y
Y Y N 3.8C
N
N 4.SC
5.SC
Y 6. SC
Y
N1
\% Y N 7.CTL 54
N
N 8.CTLL 25
9.SC
Y
N2 10.CTL 54
Y
N
N 11.CTLL 25
12.SC
% 13.SC
Y
N
Y N 14. CTL 54
N
N 15.CTLL 25
LEGENDA
WF L oss of watertightness of the forepeak given deck wetness ~ N1=human failure
DF Detection of forepeak flooding N2=pumping system failure
AF Action of emptying the forepeak
WH Watertightness of the hatch No. 1 OK=no consequences
DH Detection of hold No.1 flooding SC=serious casualty
AH Action of emptying hold No.1 CTL=total loss with early warning

CTLL=total loss without early warning
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A23.1 Quantification of the ET Nodes

A23.1.1 Chan of Events Induced by Sea Action (WF C WH)

This is condituted by the probability of the loss of watertightness of the forepesk
conditioned to deck wetness (i.e. the initiating event), coupled with the fallure or success of
watertightness of hatch cover No.1, and multiplied by 200 to obtain the annua frequency
(see above explanation): in mathematica notation, it corresponds to P(WF C WH). The full
detalls, quite complex, of the quantification of this probability are given in Appendix 3. The
following results were obtained:

Capesize Panamax Handymax
P(WF C WH) 1.78E-05/BC-y 2.29E-05/BC-y 1.26E-04 /BC-y
P(WF C WH") 8.73E-04 /BC-y 9.90E-04/BC-y | 8.10E-03/BC-y

A23.1.2 Detection of Forepeak Hooding (DF)

Routine ingpections in the forepesk are unlikely to be followed in deck wetness conditions.
The probability of detection failure was therefore judged to be 90%. The probability of node
falureistherefore

P(DF) =09

A2.3.1.3 Corrective Action of Forepeak Flooding (AF)

This node was split into two mutudly exclusive fallure modes. human falure (N1 branch in
the ET) and fallure of pumping system hardware (N2 branch in the ET). The reason of this
Flit lies in the dependency between this node and node AH, which share the same pumps.
Therefore, a human error or a vave on the forepesk fallure to open do not affect the
subsequent operation of emptying hold No.1; conversdly, afailure of both pumps will render
the subsequent operation impossible.

A2.3.1.3.1 Branch N1

The probability of AF falure in mode N1 represents the following mutudly exclusive events.

= crew faling to operate the system when required

= the hydraulic vave connecting the forepeak to the bdlast water line fails to open or
closes spurioudy after opening.

The following data were assumed.
According to NUREG (1994), in most cases the failure to operate a safety system in a

nuclear power plant varies between 102 and 1.0° induding recovery; here, the lower limit
was assumed due to the smplicity of the operation and the relaively long available time.
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Hydraulicaly operated valve fails to open = 2.12- 10° /h (OREDA-92, item 1.2.2.1.1.1,
mean); assuming a voyage in bdlast is made every laden passage, the vave is chdlenged
twice a month. By usng the wel known formula for the unavailability on demand (U = |

T/2, where| isthe standby falure rate and T the mean time between two consecutive tests),
it results

U(valve) =2.12- 10°/h ~ 15days/2” 24 hday = 3.8 - 10“/dem

Hydraulically operated valve spuriously closes = 1.05 - 10° /h (OREDA-92, item
1.2.2.1.1.1, mean)

Findly, the misson time of the pumping sysem has to be assessed. As an example, the
pump flow rate is 1200 m/h for the Panamax and 2000 m/h for the Capesize, therefore the
forepeak can be emptied in short time (about 1 h and 2.5 h respectively). However, while
the forepesk is being emptied, further water can get in: it is a competitive process, which, in
theory, should be characterized by a convolution of probability distributions. Due to the lack
of proper information to undertake such amodel, and to be conservative, the misson time of
the system was assumed to be 18 hours (i.e, the duration of the complete sequence, see

Appendix 3).

It results:

P(AF-N1) = 10° +3.8- 10*+(1.05- 10°/h” 18h)= 1.4. 10°
A2.3.1.3.2 Branch N2

The probability of AF falure in mode N2 represents the falure of both pumps. The
following data were assumed:

Electricaly driven seawater pump fals to Sart: unavailability on demand =
=4.6- 10°/dem (OREDA-92, item 1.3.1.3.1, lower bound judged more redlistic)

Electricaly driven seawater pump fails to run: failure rate = 6.8- 10 /n (OREDA-92, item
1.3.1.3.1, mean)

The probakility of node failure, in this basic bulk carrier configuration, is therefore:
P(AF-N2) = [4.6- 10° + (6.8- 10°/h~ 18h)]*= 3.4 - 10°.

A23.1.4 Detection of Hold No.1 Flooding (DH)

The probahility of falure of water ingress detection in holds was assumed the same as for
node AF, for the same reasons. Thus,

P(DH) =0.9
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A2.3.15 Corrective Action for Hold No.1 Flooding (AH)

The probability of AH failure represents the fallure of the pumping system, given it has not
faled in the previous node AF. Three basic failure causes (mutualy exclusve) exist, namdly,
the failure of the pumping system or human error given hold No.1 drainable and hold No.1
not drainable.

Hold No.1 Drainable

The hold is fully drainable only if it is empty. Evacuaing the water from the hold is only
possible when the hold is empty, otherwise the bilge wells are closed. In the assumption of
laden ship, a condition for hold No.1 to be empty is the dternate loading pattern. However,
it is not sufficient; it is necessary that the bulk carrier desgn envisages to keep odd holds
empty. The probability of the two events was estimated from the population of bulk carriers
lost from Eknes et al (1997) - assumed to be a significant sample of the overdl bulk carrier
population - as 0.41 and 0.15 respectively, yielding ajoint probability of 6.15 - 1072,
Pumping System Failure

The same data as for node AF were assumed.

Human Error

The same data as for node AF were assumed.

The overdl FT quantification yieds the following results:

P(AH) = (6.15 - 10% + 10%) ~ (14 - 10°+ 34 - 10°) + (1-6.15- 10°-10%) @
0.9375

A232 Results

The results of the quantification of the ET yields the following results. The detalls of the
sequence cdculaion is given in the next page.

PLL (in fatalities/bulk carrier-year)
Capesize Panamax Handymax
3.7- 10* 47 10" 26- 10°
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WFWHC DF AF DH AH Sequence  Frequency LL PLL
8,730E-04 1,000E-01 9,986E-01  1,000E+00 1,000E+00 1 8,718E-05 0,000 0,000E+00
1,780E-05 1,000E-01 9,986E-01 1,000E-01 6,250E-02 2 1,111E-08 0,000 0,000E+00
1,780E-05 1,000E-01 9,986E-01 1,000E-01 9,375E-01 3 1,666E-07 0,000 0,000E+00
1,780E-05 1,000E-01 9,986E-01 9,000E-01 1,000E+00 4 1,600E-06 0,000 0,000E+00
8, - - - + 1,222E-07 0,000 0,000E+00
Aot b VARETEAT SR BFF RIS IFCERARID B
1,780E-05 1,000E-01 1,400E-03 1,000E-01 9,375E-01 7 2,336E-10 5400 1,262E-09
1,7Bee=05 of Hoeoarm B is4epertad bel@wooE-01  1,000E+00 8 2,243E-09 25,000 5,607E-08
8,730E-04 1,000E-01 3,400E-05  1,000E+00 1,000E+00 9 2,968E-09 0,000 0,000E+00
1,Y8PE-05 1QOE-01 R A00E-05 \yEL,000E-OfyF1,000E+QQ=10 6,052E-12 540Rs | 268E-11
1,780E-05 1,000E-01 3,400E-05 9,000E-01 1,000E+00 11 1. OK5,447E-11 25,000 1,362E-09
8,730E-04 9,000E-01 1,000E+00 [y 1,000E+00 1,000E+00 12 2. OK7,857E-04 0,000 0,000E+00
1,780E-05 9,000E-01 1,000E+00 1,000E-01 6,250E{Q2 13~ 1,001E-07 0,000 0,000E+00
1,780E-05 9,000E-01 1,000E+00 1,000E-01 9,375E{01 14 1,502E-06 5,400 8,110E-06
1,780E-05 9,000E-01 [{,000E+00 9,000E- QP 15 3. sc 1,442E-05 25008 3,605E-04

- Tota Capesize 3,686E-04

WFWHC DF AlF Sequence  Frequency LL PLL
9,900E-04 1,000E-01 [9,986E-01 4. SC9,886E-05 008 0,000E+00
2,290E-05 1,000E-01 [9,986E-01 1,000E- ) 1,429E-08 0,000 0,000E+00
2,290E-05 1,000E-01 [9,986E-01 1,000E-01 9,375E-01 3 5. SC 2,144E-07 0008 0,000E+00
2,290E-05 1,000E-01 |9,986E-01 [ 9,000E-0I I1,000E+00 4 6. SC2,058E-06 0§98 0,000E+00
9,900E-04 1,000E-01 |1,400E-03 1,000E+00 l,OOOE+¢T5_ 1,386E-07 0,000 0,000E+00
2,290E-05 1,000E-01 [N4400E-03 1,000E-01 6,250E402 6 2,004E-11 0,000 0,000E+00
2,290E-05 00E-O1 |1,400E-03 1,000E- , QL 7 7. CTI3,006E-10 5240 1,623E-09
2,290E-05 ],000E-01 |1,400E-03 |5 9,000E- 1,000E+008 2,885E-09 25,000 7,214E-08
9,900E-04 },000E-01 |3,400E-05 } +Q0 1,000E+00 9 3,366E-09 0,000 0,000E+00
2,290E-05 },000E-01 |3,400E-05 1,000E- 1,000E+00 10 8. CTI{{786E-12 5400 4,204E-11
2,290E-05 },000E-01 |3,400E-05 9,000E- } + 7,007E-11 25,000 1,752E-09
9,900E-04 $,000E-01 [1,000E+00  1,000E+00 1,000E+00 12 9. SC 8,910E-04 0§98 0,000E+00
2,290E-05 9,000E-01 [1,000E+00 [\, I,000E-0I 6,250E-02 13~ 1,288E-07 0,000 0,000E+00
2,290E-05 $,000E-01 [1,000E+00 1,000E-01 9,375E-01 14 1,932E-06 5,400 1,043E-05
2,290E-05 9,000E-01 [{,900E+00 9,000E-01 1,000E+00 15 10. c1,855E-05 25000 4,637E-04

| v Total Panamax  4,742E-04

WFWHC DR AF NH AH Sequence  Prodotto LL PLL
8,100E-03 ],000E-01 9,986E-01 1,000E+gg 1,000E+00 1 11. C.Q89E-04 0£90 0,000E+00
1,260E-04 ],000E-01 9,986E-01 1,000E- ) - 7,864E-08 0,000 0,000E+00
1,260E-04 ],000E-01 9,986E-01 1,000E-01 9,375E-01 3 1,180E-06 0,000 0,000E+00
1,260E-04 },000E-01 9,986E-01 9,000E-01 1,000E+00 4 12. sd.132E-05 0§98 0,000E+00
8,100E-03 },000E-01 1,400E-03 Y_MEWB. sd.134E-06 0§98 0,000E+00
1,260E-04 },000E-01 1,400E-03 | 1,000E-01 6250EfQ26 1,103E-10 0,000 0,000E+00
1,260E-04 LPOOE-01  1,400E-03 1,000E-01 9,375E{01 7 1,654E-09 5,400 8,930E-09
1,260E-04 1,000E-01  1,400E-03 9,000E- ) QP 8 14. CH,588E-08 25000 3,969E-07
8,100E-03 1,000E-01  3,400E-05 1,000E+009 2,754E-08 0,000 0,000E+00
1,260E-04 1,000E-01 3,400E-05 1,000E+00 10 4,284E-11 5400 2,313E-10
1,260E-04 1,000E-01 3,400E-05 4y 1,000E+00 11 15. CR.$56E-10 25960 9,639E-09
8,100E-03 9,000E-01 1,000E+00  1,000E+00  I,000E+00 12 7,290E-03 0,000 0,000E+00
1,268E824 DA9,000E-01  1,000E+00 1,000E-01 6,250E-02 13 7,088E-07 0,000 0,000E+00
1,96PE-04  Q0REFQhtndsOBPE#OfDreped000E-01  9,375E-01 14 N1=hdrRe3Es0re 5,400 5,741E-05
1,2A0E-04  996EiBH of 46Yedi0® 0odiAPO0E-01  1,000E+00 15 N2=pdrBiHg-8fstem #9I0PS  2,552E-03

AF Action of emptying the forepeak Total Handymax  2,609E-03
WH L oss of Watertightness of hatch No. 1 given dek wetness OK=no consequences

DH Detection of hold No.1 flooding SC=serious casualty

AH Action of emptying hold No.1 CTL=total loss with early warning

CTLL=total loss without early warning



Scenario B does not exhibit conceptud variaions with respect to Scenario A. Basicdlly, it
differsin the order of the nodes consistently with the different sequence hypothesized.

A24.1 Quantification of the ET Nodes

A24.11 Chan of EventsInduced by Sea Action (WH C WF)

This is condtituted by the probability of the loss of watertightness of hatch cover No.1
conditioned to deck wetness (i.e. the initiating event) coupled with the falure of the
forepeak: in mathematical notation, it corresponds to P(WH C WF). It is anadogous to
8A2.3.1.1 The following results were obtained:

Capesize Panamax Handymax
P(WF C WH) 2.65E-05/BC-y 1.04E-04 /BC-y 1.06E-04 /BC-y
P(WF C WH") 8.82E-02 /BC-y 1.66E-01/BC-y | 9.86E-01/BC-y

A24.1.2 Detection of Hold No.1 Flooding (DH)

Sameas§A2.3.1.2.

A24.1.3 Corrective Action for Hold No.1 Flooding (AH)

This node has been split into two branches: failure due to either hold No.1 not drainable or
human error or hold No.1 vave falure (N1 branch in the ET), and failure of the pumping
system hardware given hold No.1 drainable (N2 branch in the ET). The latter failure would
cause the falure of node AF.

The same data and consderation as 8 A2.3.1.5 gpply. This time, however, the falure
probability is split between the two branches, asfollows:

P(AH-N1) = (6.25 - 10?)" 1.4 10%+ (1-6.25- 10?) @0.9375
P(AH-N2) = [4.6- 10° + (6.8- 10°/h~ 18h)]?=3.5- 10°

A24.1.4 Detection of Forepeak Hooding (DF)

Sameas§ A2.3.1.2.

A24.15 Corrective Action of Forepeak Flooding (AF)

This node is conditioned to the success of the pumping system in the previous node AH. The
same data as § A2.3.1.3.1 and A2.3.1.3.2 gpply, but this time it is unnecessary to keep
them separate, so they are summed up, yidding:

P(AF) =144 - 10°
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A24.2 Results

The reaults of the quantification of the ET yieds the following results. The detail of the
sequence caculation is given in the next page.

PLL (in fatalities/bulk carrier-year)
Capesize Panamax Handymax
59 10* 23 10° 24- 10°
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WHWFC DH

8,820E-02
2,650E-05
2,650E-05
2,650E-05
8,820E-02
2,650E-05
2,650E-05
2,650E-05
8,820E-02
2,650E-05
2,650E-05
8,820E-02
2,650E-05
2,650E-05
2,650E-05

1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01

WHWFC DH

1,660E-01
1,040E-04
1,040E-04
1,040E-04
1,660E-01
1,040E-04
1,040E-04
1,040E-04
1,660E-01
1,040E-04
1,040E-04
1,660E-01
1,040E-04
1,040E-04
1,040E-04

1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01

WHWFC DH

9,860E-01
1,060E-04
1,060E-04
1,060E-04
9,860E-01
1,060E-04
1,060E-04
1,060E-04
9,860E-01
1,060E-04
1,060E-04
9,860E-01
1,060E-04
1,060E-04
1,060E-04

1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01

AH
6,250E-02
6,250E-02
6,250E-02
6,250E-02
9,375E-01
9,375E-01
9,375E-01
9,375E-01
3,500E-05
3,500E-05
3,500E-05
1,000E+00
1,000E+00
1,000E+00
1,000E+00

AH
6,250E-02
6,250E-02
6,250E-02
6,250E-02
9,375E-01
9,375E-01
9,375E-01
9,375E-01
3,500E-05
3,500E-05
3,500E-05
1,000E+00
1,000E+00
1,000E+00
1,000E+00

AH
6,250E-02
6,250E-02
6,250E-02
6,250E-02
9,375E-01
9,375E-01
9,375E-01
9,375E-01
3,500E-05
3,500E-05
3,500E-05
1,000E+00
1,000E+00
1,000E+00
1,000E+00

DF
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01

DF
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01

DF
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01
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AF

AF

AF

1,000E+00 1
9,986E-01 2
1,440E-03 3
1,000E+00 4
1,000E+00 5
9,986E-01 6
1,440E-03 7
1,000E+00 8
1,000E+00 9
1,000E+00 10
1,000E+00 11
1,000E+00 12
9,986E-01 13
1,440E-03 14
1,000E+00 15

1,000E+00 1
9,986E-01 2
1,440E-03 3
1,000E+0Q0 4
1,000E+00 5
9,986E-01 6
1,440E-03 7
1,000E+00 8
1,000E+00 9
1,000E+00 10
1,000E+00 11
1,000E+00 12
9,986E-01 13
1,440E-03 14
1,000E+00 15

1,000E+00 1
9,986E-01 2
1,440E-03 3
1,000E+00 4
1,000E+00 5
9,986E-01 6
1,440E-03 7
1,000E+00 8
1,000E+00 9
1,000E+00 10
1,000E+00 11
1,000E+00 12
9,986E-01 13
1,440E-03 14
1,000E+00 15

Sequence

Sequence

Sequence

Frequency LL
5,513E-04 0,000
1,654E-08 0,000
2,385E-11 0,000
1,491E-07 0,000
8,269E-03 0,000
2,481E-07 0,000
3,578E-10 5,400
2,236E-06 25,000
3,087E-07 0,000
9,275E-12 5,400
8,348E-11 25,000
7,938E-02 0,000
2,382E-06 0,000
3,434E-09 5,400
2,147E-05 25,000

Total Capesize

Frequency LL
1,038E-03 0,000
6,491E-08 0,000
9,360E-11 0,000
5,850E-07 0,000
1,556E-02 0,000
9,736E-07 0,000
1,404E-09 5,400
8,775E-06 25,000
5,810E-07 0,000
3,640E-11 5,400
3,276E-10 25,000
1,494E-01 0,000
9,347E-06 0,000
1,348E-08 5,400
8,424E-05 25,000

Total Panamax

Frequency LL
6,163E-03 0,000
6,616E-08 0,000
9,540E-11 0,000
5,963E-07 0,000
9,244E-02 0,000
9,924E-07 0,000
1,431E-09 5,400
8,944E-06 25,000
3,451E-06 0,000
3,710E-11 5,400
3,339E-10 25,000
8,874E-01 0,000
9,527E-06 0,000
1,374E-08 5,400
8,586E-05 25,000

Total Handymax

PLL
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

1,932E-09
5,590E-05
0,000E+00
5,009E-11
2,087E-09
0,000E+00
0,000E+00
1,855E-08
5,366E-04
5,925E-04

PLL
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

7,582E-09
2,194E-04
0,000E+00
1,966E-10
8,190E-09
0,000E+00
0,000E+00
7,278E-08
2,106E-03
2,325E-03

PLL
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

7,727E-09
2,236E-04
0,000E+00
2,003E-10
8,348E-09
0,000E+00
0,000E+00
7,418E-08
2,147E-03
2,370E-03



A25 RESULTS AFTER IMPLEMENTATION OF THE MONITORING
SYSTEM

After fitting the proposed monitoring system, the human falure is assumed to be totdly
eliminated, passng from 0.9 to zero. The failure of the monitoring system can be neglected,
as the proposed configuration is highly redundant. The falure of the node ‘Detection of
forepeak flooding' disappears. It is to be remarked that these assumptions may change if
different solutions for the system are envisaged.

The fallure of detection of hold No.1 flooding was conservatively assumed to be 0.1, as the
Sensor is not necessarily redundarnt.

The following results were obtained. The details are in the two following pages.

PLL (fatalities/ bulk carrier-year)
Capesize Panamax Handymax
A B A B A B
Base case 37- 10| 59- |47 - 10|23 10|26 10|24 - 10°
4 10-4 4 3 3
Withmonitoring {1.8. 10| 2.0- |23- 10|78 10(13- 10|80 10"
7 10-7 7 7 6
DPLL 7.4E-04 9.5E-04 5.2E-03
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Scenario A with monitoring system

WFWHC
8,730E-04
1,780E-05
1,780E-05
1,780E-05
8,730E-04
1,780E-05
1,780E-05
1,780E-05
8,730E-04
1,780E-05
1,780E-05
8,730E-04
1,780E-05
1,780E-05
1,780E-05

WFWHC
9,900E-04
2,290E-05
2,290E-05
2,290E-05
9,900E-04
2,290E-05
2,290E-05
2,290E-05
9,900E-04
2,290E-05
2,290E-05
9,900E-04
2,290E-05
2,290E-05
2,290E-05

WFWHC
8,100E-03
1,260E-04
1,260E-04
1,260E-04
8,100E-03
1,260E-04
1,260E-04
1,260E-04
8,100E-03
1,260E-04
1,260E-04
8,100E-03
1,260E-04
1,260E-04
1,260E-04

DF
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

DF
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

DF
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
1,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

AF
9,986E-01
9,986E-01
9,986E-01
9,986E-01
1,400E-03
1,400E-03
1,400E-03
1,400E-03
3,400E-05
3,400E-05
3,400E-05

1,000E+00
1,000E+00
1,000E+00
1,000E+00

AF
9,986E-01
9,986E-01
9,986E-01
9,986E-01
1,400E-03
1,400E-03
1,400E-03
1,400E-03
3,400E-05
3,400E-05
3,400E-05

1,000E+00
1,000E+00
1,000E+00
1,000E+00

AF
9,986E-01
9,986E-01
9,986E-01
9,986E-01
1,400E-03
1,400E-03
1,400E-03
1,400E-03
3,400E-05
3,400E-05
3,400E-05

1,000E+00
1,000E+00
1,000E+00
1,000E+00

DH
1,000E+00
9,000E-01
9,000E-01
1,000E-01
1,000E+00
9,000E-01
9,000E-01
1,000E-01
1,000E+00
9,000E-01
1,000E-01
1,000E+00
9,000E-01
9,000E-01
1,000E-01

DH
1,000E+00
9,000E-01
9,000E-01
1,000E-01
1,000E+00
9,000E-01
9,000E-01
1,000E-01
1,000E+00
9,000E-01
1,000E-01
1,000E+00
9,000E-01
9,000E-01
1,000E-01

DH
1,000E+00
9,000E-01
9,000E-01
1,000E-01
1,000E+00
9,000E-01
9,000E-01
1,000E-01
1,000E+00
9,000E-01
1,000E-01
1,000E+00
9,000E-01
9,000E-01
1,000E-01
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AH Sequence Frequency
1,000E+00 1 8,718E-04
6,250E-02 2 9,998E-07
9,375E-01 3 1,500E-05
1,000E+00 4 1,778E-06
1,000E+00 5 1,222E-06
6,250E-02 6 1,402E-09
9,375E-01 7 2,103E-08
1,000E+00 8 2,492E-09
1,000E+00 9 2,968E-08
1,000E+00 10 5,447E-10
1,000E+00 11 6,052E-11
1,000E+00 12 0,000E+00
6,250E-02 13 0,000E+00
9,375E-01 14 0,000E+00
1,000E+00 15 0,000E+00

AH Sequence Frequency
1,000E+00 1 9,886E-04
6,250E-02 2 1,286E-06
9,375E-01 3 1,929E-05
1,000E+00 4 2,287E-06
1,000E+00 5 1,386E-06
6,250E-02 6 1,803E-09
9,375E-01 7 2,705E-08
1,000E+00 8 3,206E-09
1,000E+00 9 3,366E-08
1,000E+00 10 7,007E-10
1,000E+00 11 7,786E-11
1,000E+00 12 0,000E+00
6,250E-02 13 0,000E+00
9,375E-01 14 0,000E+00
1,000E+00 15 0,000E+00

#RIF!

AH Sequence Frequency
1,000E+00 1 8,089E-03
6,250E-02 2 7,078E-06
9,375E-01 3 1,062E-04
1,000E+00 4 1,258E-05
1,000E+00 5 1,134E-05
6,250E-02 6 9,923E-09
9,375E-01 7 1,488E-07
1,000E+00 8 1,764E-08
1,000E+00 9 2,754E-07
1,000E+00 10 3,856E-09
1,000E+00 11 4,284E-10
1,000E+00 12 0,000E+00
6,250E-02 13 0,000E+00
9,375E-01 14 0,000E+00
1,000E+00 15 0,000E+00

LL
0,000
0,000
0,000
0,000
0,000
0,000
5,400
25,000
0,000
5,400
25,000
0,000
0,000
5,400
25,000
Capesize
LL
0,000
0,000
0,000
0,000
0,000
0,000
5,400
25,000
0,000
5,400
25,000
0,000
0,000
5,400
25,000
Panamax

LL
0,000
0,000
0,000
0,000
0,000
0,000
5,400
25,000
0,000
5,400
25,000
0,000
0,000
5,400
25,000
Handymax

PLL
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

1,135E-07
6,230E-08
0,000E+00
2,941E-09
1,513E-09
0,000E+00
0,000E+00
0,000E+00
0,000E+00
1,803E-07

PLL
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

1,461E-07
8,015E-08
0,000E+00
3,784E-09
1,947E-09
0,000E+00
0,000E+00
0,000E+00
0,000E+00
2,320E-07

PLL
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

8,037E-07
4,410E-07
0,000E+00
2,082E-08
1,071E-08
0,000E+00
0,000E+00
0,000E+00
0,000E+00
1,276E-06



Scenario B with monitoring system

WHWFC
8,820E-02
2,650E-05
2,650E-05
2,650E-05
8,820E-02
2,650E-05
2,650E-05
2,650E-05
8,820E-02
2,650E-05
2,650E-05
8,820E-02
2,650E-05
2,650E-05
2,650E-05

WHWFC
1,660E-01
1,040E-04
1,040E-04
1,040E-04
1,660E-01
1,040E-04
1,040E-04
1,040E-04
1,660E-01
1,040E-04
1,040E-04
1,660E-01
1,040E-04
1,040E-04
1,040E-04

WHWFC
9,860E-01
1,060E-04
1,060E-04
1,060E-04
9,860E-01
1,060E-04
1,060E-04
1,060E-04
9,860E-01
1,060E-04
1,060E-04
9,860E-01
1,060E-04
1,060E-04
1,060E-04

DH
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01

DH
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01

DH
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01

AH
6,250E-02
6,250E-02
6,250E-02
6,250E-02
9,375E-01
9,375E-01
9,375E-01
9,375E-01
3,500E-05
3,500E-05
3,500E-05

1,000E+00
1,000E+00
1,000E+00
1,000E+00

AH
6,250E-02
6,250E-02
6,250E-02
6,250E-02
9,375E-01
9,375E-01
9,375E-01
9,375E-01
3,500E-05
3,500E-05
3,500E-05

1,000E+00
1,000E+00
1,000E+00
1,000E+00

AH
6,250E-02
6,250E-02
6,250E-02
6,250E-02
9,375E-01
9,375E-01
9,375E-01
9,375E-01
3,500E-05
3,500E-05
3,500E-05

1,000E+00
1,000E+00
1,000E+00
1,000E+00

DF
1,000E+00
1,000E+00
1,000E+00
0,000E+00
1,000E+00
1,000E+00
1,000E+00
0,000E+00
1,000E+00
1,000E+00
0,000E+00
1,000E+00
1,000E+00
1,000E+00
0,000E+00

DF
1,000E+00
1,000E+00
1,000E+00
0,000E+00
1,000E+00
1,000E+00
1,000E+00
0,000E+00
1,000E+00
1,000E+00
0,000E+00
1,000E+00
1,000E+00
1,000E+00
0,000E+00

DF
1,000E+00
1,000E+00
1,000E+00
0,000E+00
1,000E+00
1,000E+00
1,000E+00
0,000E+00
1,000E+00
1,000E+00
0,000E+00
1,000E+00
1,000E+00
1,000E+00
0,000E+00
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AF
1,000E+00 1
9,986E-01 2
1,440E-03 3
1,000E+00 4
1,000E+00 5
9,986E-01 6
1,440E-03 7
1,000E+00 8
1,000E+00 9
1,000E+00 10
1,000E+00 11
1,000E+00 12
9,986E-01 13
1,440E-03 14
1,000E+00 15

AF
1,000E+00 1
9,986E-01 2
1,440E-03 3
1,000E+00 4
1,000E+00 5
9,986E-01 6
1,440E-03 7
1,000E+00 8
1,000E+00 9
1,000E+00 10
1,000E+00 11
1,000E+00 12
9,986E-01 13
1,440E-03 14
1,000E+00 15

AF
1,000E+00 1
9,986E-01 2
1,440E-03 3
1,000E+0Q0 4
1,000E+00 5
9,986E-01 6
1,440E-03 7
1,000E+00 8
1,000E+00 9
1,000E+00 10
1,000E+00 11
1,000E+00 12
9,986E-01 13
1,440E-03 14
1,000E+00 15

Sequence

Sequence

Sequence

Frequency LL
4,961E-03 0,000
1,489E-06 0,000
2,147E-09 0,000

0,000E+00 0,000
7,442E-02 0,000
2,233E-05 0,000
3,220E-08 5,400

0,000E+00 25,000
2,778E-06 0,000
8,348E-10 5,400

0,000E+00 25,000
8,820E-03 0,000
2,646E-06 0,000
3,816E-09 5,400

0,000E+00 25,000

Capesize

Frequency LL
9,338E-03 0,000
5,842E-06 0,000
8,424E-09 0,000

0,000E+00 0,000
1,401E-01 0,000
8,763E-05 0,000
1,264E-07 5,400

0,000E+00 25,000
5,229E-06 0,000
3,276E-09 5,400

0,000E+00 25,000
1,660E-02 0,000
1,039E-05 0,000
1,498E-08 5,400

0,000E+00 25,000

Panamax

Frequency LL
5,546E-02 0,000
5,954E-06 0,000
8,586E-09 0,000

0,000E+00 0,000
8,319E-01 0,000
8,931E-05 0,000
1,288E-07 5,400

0,000E+00 25,000
3,106E-05 0,000
3,339E-09 5,400

0,000E+00 25,000
9,860E-02 0,000
1,059E-05 0,000
1,526E-08 5,400

0,000E+00 25,000

Handyma

PLL
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

1,739E-07
0,000E+00
0,000E+00
4,508E-09
0,000E+00
0,000E+00
0,000E+00
2,061E-08
0,000E+00
1,990E-07

PLL
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

6,823E-07
0,000E+00
0,000E+00
1,769E-08
0,000E+00
0,000E+00
0,000E+00
8,087E-08
0,000E+00
7,809E-07

PLL
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

6,955E-07
0,000E+00
0,000E+00
1,803E-08
0,000E+00
0,000E+00
0,000E+00
8,243E-08
0,000E+00
7,959E-07



A26 RESULTS AFTER THE IMPLEMENTATION OF
FORECASTLE/BULWARK

The same ETs of A2.3 and A2.4 apply, but with a different probability of the couple of
nodes WH and WF. Forecastle and bulwark differ only in their implementation cog, astheir
influence isthe same.

The following results were obtained. The details are in the following 2 pages.

PLL (fatalities/ bulk carrier-year)
Capesize Panamax Handymax
forecastle [m] A B A B A B
0 (BaseCasg)|3.7- 10|59 1014.7- 10(23- 10|25 10|24 - 10

4 4 4 3 3 3

2.5 80- 10712- 10|53 10183 10|1.0- 10|1.2- 10

10 4 7 4 4 3

DPLL 8.45E-04 1.97E-03 3.73E-03
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Scenario A with forecastle/bulwark

WFWHC
8,380E-07
3,880E-11
3,880E-11
3,880E-11
8,380E-07
3,880E-11
3,880E-11
3,880E-11
8,380E-07
3,880E-11
3,880E-11
8,380E-07
3,880E-11
3,880E-11
3,880E-11

WFWHC
7,820E-06
2,540E-08
2,540E-08
2,540E-08
7,820E-06
2,540E-08
2,540E-08
2,540E-08
7,820E-06
2,540E-08
2,540E-08
7,820E-06
2,540E-08
2,540E-08
2,540E-08

WFWHC
2,950E-04
4,930E-06
4,930E-06
4,930E-06
2,950E-04
4,930E-06
4,930E-06
4,930E-06
2,950E-04
4,930E-06
4,930E-06
2,950E-04
4,930E-06
4,930E-06
4,930E-06

DF
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01

DF
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01

DF
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01

AF
9,986E-01
9,986E-01
9,986E-01
9,986E-01
1,400E-03
1,400E-03
1,400E-03
1,400E-03
3,400E-05
3,400E-05
3,400E-05

1,000E+00
1,000E+00
1,000E+00
1,000E+00

AF
9,986E-01
9,986E-01
9,986E-01
9,986E-01
1,400E-03
1,400E-03
1,400E-03
1,400E-03
3,400E-05
3,400E-05
3,400E-05

1,000E+00
1,000E+00
1,000E+00
1,000E+00

AF
9,986E-01
9,986E-01
9,986E-01
9,986E-01
1,400E-03
1,400E-03
1,400E-03
1,400E-03
3,400E-05
3,400E-05
3,400E-05

1,000E+00
1,000E+00
1,000E+00
1,000E+00

DH A
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01

DH A
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01

DH A
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01
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H Sequence Frequency

1,000E+00 1 8,368E-08
6,250E-02 2 2,422E-14
9,375E-01 3 3,632E-13
1,000E+Q0 4 3,487E-12
1,000E+Q0 5 1,173E-10
6,250E-02 6 3,395E-17
9,375E-01 7 5,093E-16
1,000E+00 8 4,889E-15
1,000E+00 9 2,849E-12
1,000E+00 10 1,319E-17
1,000E+00 11 1,187E-16
1,000E+00 12 7,542E-07
6,250E-02 13 2,183E-13
9,375E-01 14 3,274E-12
1,000E+00 15 3,143E-11
H Sequence Frequency

1,000E+00 1 7,809E-07
6,250E-02 2 1,585E-11
9,375E-01 3 2,378E-10
1,000E+Q0 4 2,283E-09
1,000E+Q0 5 1,095E-09
6,250E-02 6 2,223E-14
9,375E-01 7 3,334E-13
1,000E+00 8 3,200E-12
1,000E+00 9 2,659E-11
1,000E+00 10 8,636E-15
1,000E+00 11 7,772E-14
1,000E+00 12 7,038E-06
6,250E-02 13 1,429E-10
9,375E-01 14 2,143E-09
1,000E+00 15 2,057E-08
H Sequence  Frequency

1,000E+00 1 2,946E-05
6,250E-02 2 3,077E-09
9,375E-01 3 4,615E-08
1,000E+Q0 4 4,431E-07
1,000E+Q0 5 4,130E-08
6,250E-02 6 4,314E-12
9,375E-01 7 6,471E-11
1,000E+00 8 6,212E-10
1,000E+00 9 1,003E-09
1,000E+00 10 1,676E-12
1,000E+00 11 1,509E-11
1,000E+00 12 2,655E-04
6,250E-02 13 2,773E-08
9,375E-01 14 4,160E-07
1,000E+00 15 3,993E-06

LL
0,000
0,000
0,000
0,000
0,000
0,000
5,400
25,000
0,000
5,400
25,000
0,000
0,000
5,400
25,000
Capesize
LL
0,000
0,000
0,000
0,000
0,000
0,000
5,400
25,000
0,000
5,400
25,000
0,000
0,000
5,400
25,000
Panamax
LL
0,000
0,000
0,000
0,000
0,000
0,000
5,400
25,000
0,000
5,400
25,000
0,000
0,000
5,400
25,000
Handymax

PLL
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

2,750E-15
1,222E-13
0,000E+00
7,124E-17
2,968E-15
0,000E+00
0,000E+00
1,768E-11
7,857E-10
8,035E-10

PLL
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

1,800E-12
8,001E-11
0,000E+00
4,663E-14
1,943E-12
0,000E+00
0,000E+00
1,157E-08
5,144E-07
5,260E-07

PLL
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

3,494E-10
1,553E-08
0,000E+00
9,051E-12
3,771E-10
0,000E+00
0,000E+00
2,246E-06
9,983E-05
1,021E-04



Scenario B with forecastle/bulwark

WHWFC
8,040E-03
5,100E-06
5,100E-06
5,100E-06
8,040E-03
5,100E-06
5,100E-06
5,100E-06
8,040E-03
5,100E-06
5,100E-06
8,040E-03
5,100E-06
5,100E-06
5,100E-06

WHWFC
1,560E-02
3,630E-05
3,630E-05
3,630E-05
1,560E-02
3,630E-05
3,630E-05
3,630E-05
1,560E-02
3,630E-05
3,630E-05
1,560E-02
3,630E-05
3,630E-05
3,630E-05

WHWFC
5,590E-02
5,030E-05
5,030E-05
5,030E-05
5,590E-02
5,030E-05
5,030E-05
5,030E-05
5,590E-02
5,030E-05
5,030E-05
5,590E-02
5,030E-05
5,030E-05
5,030E-05

DH
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01

DH
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01

DH
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
1,000E-01
9,000E-01
9,000E-01
9,000E-01
9,000E-01

AH
6,250E-02
6,250E-02
6,250E-02
6,250E-02
9,375E-01
9,375E-01
9,375E-01
9,375E-01
3,500E-05
3,500E-05
3,500E-05
1,000E+00
1,000E+00
1,000E+00
1,000E+00

AH
6,250E-02
6,250E-02
6,250E-02
6,250E-02
9,375E-01
9,375E-01
9,375E-01
9,375E-01
3,500E-05
3,500E-05
3,500E-05
1,000E+00
1,000E+00
1,000E+00
1,000E+00

AH
6,250E-02
6,250E-02
6,250E-02
6,250E-02
9,375E-01
9,375E-01
9,375E-01
9,375E-01
3,500E-05
3,500E-05
3,500E-05
1,000E+00
1,000E+00
1,000E+00
1,000E+00

DF
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01

DF
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01

DF
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01
1,000E+00
1,000E-01
9,000E-01
1,000E+00
1,000E-01
1,000E-01
9,000E-01
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AF Sequence Frequency LL
1,000E+00 1 5,025E-05 0,000
9,986E-01 2 3,183E-09 0,000
1,440E-03 3 4,590E-12 0,000
1,000E+00 4 2,869E-08 0,000
1,000E+00 5 7,538E-04 0,000
9,986E-01 6 4,775E-08 0,000
9,375E-01 7 4,482E-08 5,400
1,000E+00 8 4,303E-07 25,000
1,000E+00 9 2,814E-08 0,000
1,000E+00 10 1,785E-12 5,400
1,000E+00 11 1,607E-11 25,000
1,000E+00 12 7,236E-03 0,000
9,986E-01 13 4,584E-07 0,000
9,375E-01 14 4,303E-07 5,400
1,000E+00 15 4,131E-06 25,000

Capesize

AF Sequence Frequency LL
1,000E+00 1 9,750E-05 0,000
9,986E-01 2 2,266E-08 0,000
1,440E-03 3 3,267E-11 0,000
1,000E+00 4 2,042E-07 0,000
1,000E+00 5 1,463E-03 0,000
9,986E-01 6 3,398E-07 0,000
9,375E-01 7 3,190E-07 5,400
1,000E+00 8 3,063E-06 25,000
1,000E+00 9 5,460E-08 0,000
1,000E+00 10 1,271E-11 5,400
1,000E+00 11 1,143E-10 25,000
1,000E+00 12 1,404E-02 0,000
9,986E-01 13 3,262E-06 0,000
9,375E-01 14 3,063E-06 5,400
1,000E+00 15 2,940E-05 25,000

Panamax

AF Sequence Frequency LL
1,000E+00 1 3,494E-04 0,000
9,986E-01 2 3,139E-08 0,000
1,440E-03 3 4,527E-11 0,000
1,000E+00 4 2,829E-07 0,000
1,000E+00 5 5,241E-03 0,000
9,986E-01 6 4,709E-07 0,000
9,375E-01 7 4,421E-07 5,400
1,000E+00 8 4,244E-06 25,000
1,000E+00 9 1,957E-07 0,000
1,000E+00 10 1,761E-11 5,400
1,000E+00 11 1,584E-10 25,000
1,000E+00 12 5,031E-02 0,000
9,986E-01 13 4,521E-06 0,000
9,375E-01 14 4,244E-06 5,400
1,000E+00 15 4,074E-05 25,000

Handymax

PLL
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

2,421E-07
1,076E-05
0,000E+00
9,639E-12
4,016E-10
0,000E+00
0,000E+00
2,324E-06
1,033E-04
1,166E-04

PLL
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

1,723E-06
7,657E-05
0,000E+00
6,861E-11
2,859E-09
0,000E+00
0,000E+00
1,654E-05
7,351E-04
8,299E-04

PLL
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00
0,000E+00

2,387E-06
1,061E-04
0,000E+00
9,507E-11
3,961E-09
0,000E+00
0,000E+00
2,292E-05
1,019E-03
1,150E-03



APPENDIX 3

PROCEDURE FOR THE QUANTIFICATION
OF THE FLOODING SEQUENCE

A3.1 SEQUENCE OF EVENTS (ESCALATION)

In the worst sequences, the following accident escaation is hypothesised in a given sea date:

- due to exceeding by water on deck of the h, value, an opening is generated in the fore
peak deck, creating away for flooding.

- A progressive flooding of the fore peak takes place, up to complete filling of the pesk

- The ship sails now with a trim by bow: the hatch cover of hold No.1 deforms due to
actua water head over the deck exceeding the vaue h,; : away for flooding is crested.

- A progressive flooding of hold No.1 takes place up to completefilling.

- Theearly and late corrective actions are unsuccesstul.
At this point, both the forepeak and hold No.1 are fully flooded.

The first physical modd consists of the sequence of the above mentioned events, considered
as independent and referred to the same sea dtate characterigtics.

Another sequence (named in the following as “B”) was added, in which the order of events
is changed and they occur in the following order:

- deformation of covers of hatch cover 1

- filling of hold No.1

- trim by bow and collapse of fittings above deck in the fore area.

- filling of forepesk

- theearly and late corrective actions are unsuccessful.

The modd of the pivota events that control the phenomenon is described in the following.
The results were adjusted to the frequency of tota |oss obtained from the available casudty
datistics (8 3.3).

A3.11 Environmental data

The sea modd is represented by a scatter diagram derived for bulk carriers . The scatter
diagram was obtained with the following procedure:

a) the three above mentioned main routes for bulk carrier traffic were defined: Atlantic
(South America — North Europe) Indian Ocean South Africa-Far East and Pacific (Japan —
Far East). The scatter diagrams (SDs) of the sea zones crossed by each route were
weighted over the segments of the route within the zone.

b) the SDs corresponding to the three routes were weighted over the number of ships sailing
on each route (taking therefore into account both traffic data from Eknes et al (1997) and
the average length of the route). The results are shown in Appendix 4.

A3.1.2 Relative motions

The response in terms of relative motions (et fore peak and a hold No.1) was sudied in the
frequency domain by means of response amplitude operators (RAOs) provided by DNV
(see Appendix 4 of Annex 4). This alowed to compute moments of order 0 and 2 of the
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response spectra and then to derive the probability distributions for the relative motions and
for the height of water on deck.

Cdculation have been performed for intact ships, but the RAOs have been associated to
both the initid condition and the inclined waterline due to the flooding of the firg
compartment (forecastle in sequence A and hold No.1 in sequence B), neglecting the
inherent trim by bow.

The relative motion is treeted as a Gaussan Stationary process with zero mean, smilar to the
originating seawave process, but with different sgnificant height and period (Hy, Tz)

A narrow band modd is gpplied, resulting in a Rayleigh didribution igure 1) for the
amplitudes of relative mations, depending only on Hg. The number n,, of wavesin each sea
dtate is obtained as the ratio between the time duration of the sea state and the mean period
of the relative motion T

Rayleigh probability distribution (wave amplitude)

0.2 1.6

NIVAR
N 1
S N
VA
W LN
ol N

0 2 4 6 8 10 12 14 16 18 20

density distribution f(
cumulative distribution F(

h (wave amplitude)

Figurel

A3.13 Deck Wetness

The phenomenon “water on deck” is in principle controlled by the rdative motion of the
water free surface and of the deck of the ship in waves and by a complex interaction
between water flow and loca hull and deck geometry.

In the present smplified mode, the geometry of the fore body is described only in terms of
loca freeboard hy, (locd vertica distance between deck and gtill water levd): every time the
amplitude of the relative mation h,,, exceeds the static freeboard, a deck wetness event is
assumed to occur (Figure 2).
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The difference between the amplitude of the relative motion hy,, and the static freeboard
givesthe effective water height on deck:

@

This quantity results to distributed as a truncated Rayleigh digtribution (Figure 3)
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Creation of openings dueto structural failures

The load pressure on the deck structure is modelled according to the static water height on
deck. Actudly, dynamic effects due to ship motions and to horizonta components of the
velocity of water on deck affect sgnificantly the structurd load. To account for that, Buchner
(1995) congders a dynamic amplification factor a gpplied to the dtatic water height and
from experiments, for example at 10 kn.-speed, a isseentovary upto 3-4.
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On the other hand, the actud collapse load of hatch covers, ventilation and ar pipes is
higher than the nomind vaue as derived from scantlings and from the minimum yield sress
for the materid .

In the present smplified modd, an opening is assumed to be crested when the Static water
height on deck h,, overcomes a given collgpse load h,.

For this study, a collapse load of 8 m was assumed for deck fittings in the forecastle areq,
and a deformation load of 5.2 m for hatch covers.

No amplification has been applied (a=1).

A3.15 Water flow through openings

To modd the water flow due to a angle wave through an opening, a smplified method is
applied:

Q=nAT,2gh, [nT] )

where:

m = 0.1 empiricad coefficient corregponding to head loss coefficient=0.5 divided by 6,
which is assumed to be the part of the wave period active for filling the compartments, A =
area of opening [nT],

g = gravity acceleration,

h,, = maximum water height on deck in asngle wave cycle[m],

T, = mean period of the relative motions [9].

The area A is consdered as congtant with time and correspondent to one or more openings
created by the collapse of different covers (access hatches, ventilation and air pipes) in the
fore area, and to an opening created by hatch cover deformation at hold No.1.

When consdering the totd water entry Q,: in aseadtate, the quantity Q is multiplied by the
number n,q of waves which exceeds the freeboard in a sea dtate:

Qtot = Q Mwd (3)

The didgribution for Q. is then derived from the characterigtics of the didribution of h,
(Figure 4)

The probability for Qi to exceed the vaue of the volume of the forepesk yields the

probability of filling the forepeak. Such probability is strongly dependent (among the various
parameters) on the area of the way for flooding (Figure 5, where Q. isindicated as ().
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Probability distribution for sea water
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CAPESIZE SHIP
sensitivity of probability of filling hold 1 vs. area of openings
sea state: Hs =14.5m, Tz=8.5s duration: 5 hours
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A3.2 SHORT TERM PROBABILITY OF FLOODING

According to the escadation of events above mentioned, a procedure was set up to caculate
the following quantities (for each sea Sate in the scatter diagram):

- for afregboard corresponding to the summer load line draught even kedl

- pwd: probability of deck wetness on the fore peak deck P[ h > hg)

- pr: probability that the highest wave in the consdered time duraion (festuring an
amplitude hy;) produces structurd failuresin the fore peak deck P [ heqr > hi]

- PViore probability to fill completely the fore pesk, conditioned to deck wetness
occurrence
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P [Q totl/éh> hfb) > Vfore]

for a freeboard corresponding to the actud trim due to flooding of the fore pesk,
caculated at the forward end of the hatch cover

- pwdl: probability of deck wetness a the forward end of the hatch of hold No.1 P[ h >
P

- prl: probability of deformation of hatch cover, creating awater way into hold No.1:
P[ hextr > hrl]

- PVhaol: probability to fill completdy hold No.1, conditioned to deck wethess
occurrence

P[Q w¥8h> hi1) > Vhoiail
The probability P 4 of flooding both forepesk and hold No.1 (hereinafter denominated

samply as ‘flooding’) on the short term is computed as the product probabilities of the four
independent events.

I:)Lst = pr x(pwdx prore)mrlx(delxpVholdl) (4)
The cdculation procedure isillusrated by the flowchart in
Figure 6, where hg, hr, Viger, @Viore are respectively: freeboard, nomina collapse head,
volume and opening area of fore peak; hmi, hrl, Vhoa, @Vhea represent the same input

data for hold No.1. The same procedure gpplies for both sequences A and B, with the
obvious difference in the events order.
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A321 Exposuretimeduration

The probability of occurrence of each of the four events depends on the exposure time
dlocated to the event: increasng the exposure time aways brings an increase in the
probability of occurrence. This applies also to the whole sequence.

The totd duration of the sequence was st to 18 hours, on the bass of empirica
consderations.

In this period the sea conditions are supposed to be stationary hence the term of short term
prediction is applied to the sequence.

Such vaue gppears to be compatible with the exposure time experienced by shipsin distress
in severe sorms.

A subdivision of the tota sequence duration was selected case by case to dlocate to each of
the four events a suitable time duration. The subject is discussed in more detail in afollowing
chapter.

A3.3 LONG TERM PROBABILITY OF FLOODING

Once determined the probability for the flooding on the short term (i.e. in a sequence of

events conditioned to given sea characteristics), an evauation of the probability in a year

PLy isobtained by two different operations

- unconditioning the short term probability on the scatter diagram (i.e. weighing the
probability of loss by means of the probability of occurrence of the various sea dates).
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The result is expressed in terms of probability of flooding Py in a Sngle sequence of
events (18 hours of exposure to a sea Sate with random characteristics according to the
scatter diagram)

P =& & P (HsTz) xp(HsTz)
HsTz
taking into account the number of times the sequence of exposure is repested in a year
(i.e. computing the probability Py that flooding occurs in one of the exposure periods
with duration Tsq during the total time of exposure to sea in a year, in the consdered

loading condiition: T,
7
Tseq T
Py = 1-(1-Py) » %Seq PLit
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A3.4 TUNING OF THE MODEL

The modd developed for the prediction of the flooding sequence has been gpplied to the
three ships, which have been sdlected as test cases for the numerica procedure.

The gpplication to this sample was d <o utilised to cdibrate the modd itsdf.

In this chapter some considerations are presented about numerical vaues of input data and
parameters for computation.

A34.1 Test cases
Three ships have been sdected to represent different szes of Bulk Cariers: the main
characteristics are summarised in Table 1.

Ship Moulded Displ. Summer Capacity of
dimensions (m) (tons) freeboard for epeak
(m) (m’)
Handymax 181 x 30x 16.3 51,326 4718 1,450
Panamax 217 x 32.25x 19 83,980 5.250 1,555
Capesize 271 x 45 x 24.6 188,968 6.483 4,507
Tablel
A3.4.2 Ship data

This paragraph summarizes basic data and assumptions for the calculation.

Free board data of the ships were derived from ships characterigtics and drawings. dl the
considered ships are flush deck.

A decrease in the free board at hold No.1 is due to the trim by bow due to flooding of the
fore peak (which is considered to occur first in sequence A).

On the opposite, in sequence B, the free board at hold No.1 corresponds to the intact ship,
while the one &t fore pesk corresponds to the trim due to flooding of hold No.1

Volumes to be accounted for in flooding are derived from ship's capecity plans (90%
permeability in hold No.1, as per SOLAS)

The structura collapse head for al watertight means of closure of fore pesk was assumed as
8 m. The deformation load for hatch covers was set to 5.2 m, which is below the actud
collapse load.

The area of ways for flooding should be a stochastic varigble, but it was included in the
amplified mode as a congant.
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For caculating the water flow into the forepesk, different values for area A were assumed
for the various ships: this variable has been sdlected as “tuning parameter” in order to fit
historicd datawith numerical Smulations.

As regards the area for the water flow towards hold No.1, this was empiricaly set to
approximately 2.2 times the area of openings towards the forepesk.

Thefina choice of the vaues of these parameters of the modd isreported in Table 2.

All the vaues found for the forepesk area are compatible with the dimensions of closures
actudly present in the forecastle area (companionway hatch to bosn store, ar pipes or
other).

The areas inherent to hold No.1 do not correspond to any physical opening: they are seen
asways for flooding created by hatch cover deformations.

Ship L ocation Freeboard Freeboard Volume Collapsehead | Water access
Seq. A [m] Seq. B [m] [m’] [m] area [n]

Capesize | fore peak 8.134 hfb =2.464 Vga = 4507 h, =80 0.82
hold No.1 5.92 hfb, =7.357 Vgiv1 = 16013 h,=5.2 154

Panamax | fore peak 7.38 hfb =187 Vg = 1555 h, =80 0.32
hold No.1 544 hfb, = 6.19 Vi1 = 10234 h,=52 0.73

Handymax | fore peak 4918 hfb=0.2 Vgaw = 1450 h, =80 0.24
hold No.1 3.98 hfb, = 4.765 Vaivy = 8841 h,=5.2 0.52

Table2 Ships input data
A345 Duration of events

During the firg runs of the computer program based on the modd, it was redised that,
among the terms of the right side of the equation (4) for P.ss 0N the short term (Sec. A3.2),
pr and pr; were very often close either to O or to 1.

This is due to the “stegpness’ of the curve inherent to extreme vaues hy, of amplitudesin
period ty and t41 (See eg. Figure 7). In other words, very often the value correspondent to
falure (hfb+ h;) fdls on the horizontd parts of the diagram ether on the left (vaues close to
0) or ontheright (vauescloseto 1).
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Wave amplitude distribution of extremes according to
Poisson

hextr (extreme wave amplitude)

Figure7

In practical terms, the action of these variables is to sdect in the scatter diagram the sea
dates over a cartain leve, “filtering out” the least severe ones, (like a high-passfilter). On
the other hand, these variables do not affect the numerical value of the probability of loss, as
the mgjor contributions come from severe sea states, for which the probability of exceeding
the collapse threshold is 1.

What above has an important effect on the sdlection of the time alocated to the collapse
events in the mogt sgnificant sea conditions, the threshold for collgpse is reached quite
rapidly: the sdlection of along exposure time in this phase subtracts time and cycles to the
filling phases, which are characterised by lower probability of occurrence.

In the following, atime duration of 1.5 hours was alocated to the creation of awater access
both to forepeak and hold No.1, leaving 15 hours for the two remaining events.

The dependence of the probability of occurrence of the other two events (filling of volumes)
on time duration was studied for the most representative sea states (generaly correspondent
to Hs = 14.5m, with T,= 6.5, 7.5 and 8.5 respectively for the three ship types) responsible,
for each ship, for amgor part of the total long term probability of loss.

For the sdlected sea dates, plots like the one presented in Figure 8 are obtained,
representing the probability of filling fore peak vs. time T, the probability of filling hold No.1
in a time correspondent to (15 hours — T) and the probakility of ship loss, which is basicaly
the product of the former two.

Actudly, the probability of ship loss includes dso the product of the two probabilities of
creation of an access to forepeak and hold No.1, but these two probabilities are very close
to 1 in the extreme sea state consdered.

The plots have been used sdlecting the point of maximum, which corresponds to a specific
subdivison of the tota 15 hours between the two events (filling of forepesk and filling of
hold No.1): this combination is the one that maximises the probability of loss in the most
severe sea date. It has been adopted for dl the sea states contained in the scatter diagram.

The procedure is shown with reference to Figure 8, which shows in a specific case the

sengtivity of the probability of flooding to the combination of filling times of forepesk and
hold No.1.
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The assumptions were : 1.5 h employed by waves to collgpse the fittings on deck, and
another 1.5 h employed by waves to deform the hatch No.1. The remaining 15-h timeisthe
sum of filling time of forepeak and filling time of hold No.1. E.g., take the dbstissat = 1 h;
this means that 1 h is devoted to fill the forepesk and the complementary 14 h to fill hold
No.1. This way, the probability of filling the hold (purple line) is 0.3, but the probability of
filling the forepeak (blue line) in so short time is negligible - since the probability of ship loss
is proportiond to the product of the two, this is dso negligible (ydlow line). Conversdy, if
14 h are spent to fill the forepeak, the probability of this event will be high(about 0.25), but
the probability of filling hold No.1 in the remaining hour would be negligible, and the
probaility of ship losswould be negligible, as well.

According to the modd, there is a sngle combination of probakilities that maximises the
flooding (about 7.5 h for each filling time in this particular case), i.e. the product is highest,
even if the two separate probabilities are not.

This was the combination used in the risk assessment, which in this respect yidds
conservative results.

dependence of filling events on time
(total time for sequence: 18 h)
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Figure8

On the badis of such kind of investigations, performed for each ship in the worst sea State,
the time duration reported in Table 3 has been sdected for the four events as the one giving
the higher probability of loss (the total duration was kept constant and equa to 18 hours, as
above mentioned).

Timeduration of the various events[hourg| - Sequence A
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SHIP Collapse Deformation Filling of Filling of
infore peak in hold No.1 fore peak hold No.1
Capesize 1.5 1.5 6.5 8.5
Panamax 1.5 1.5 4.75 10.25
Handymax 1.5 1.5 4.5 10.5
Timeduration of thevarious events[hours] - Sequence B
SHIP Collapse Deformation Filling of Filling of
in fore peak of hatch 1 fore peak hold No.1
Capesize 1.5 1.5 2.25 12.75
Panamax 1.5 1.5 2 13
Handymax 1.5 1.5 2.5 12.5
Table3
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A35 RESULTS

The reaults are presented in the following tables, which report, for each combination of
ship/sequence, the probability of flooding P ¢

FCSTL long term probabilities of ship loss
CAPESIZE PANAMAX HANDYMAX
A B A+B A B A+B A B A+B

0.00 | 1.78E-05 | 2.65E-05 | 442E-05 [ 2.29E-05 | 1.04E-04 | 1.27E-04 | 1.26E-04 | 1.06E-04 | 2.31E-04

250 | 3.88E-11 | 510E-06 | 5.10E-06 | 254E-08 | 3.63E-05 | 3.64E-05 | 4.93E-06 | 5.03E-05 | 5.52E-05

The second row represents the evauation of probability of flooding with the insertion of a
forecastle which increases the freeboard at fore pesk by 2.5 m.

A.3.6 CONSIDERATIONS

The reaults fit the higtoricd total loss frequency quite wel, but on the other hand the
frequency of serious casudty is sgnificantly higher than the higtoricd picture, for a series of
reasons. Bascdly, any risk mode is expected to yield results where the probabilities of
success, minor falures and major failures decrease in that order. Therefore, as said in § 3.3,
the satigtics relevant to the serious casudties must be incomplete.

A discusson on the limitations and possible improvements is shown below.

The mode above described is meant to provide a smple mean to invedigate the
phenomenon of a progressive flooding in abulk carrier. The extreme complication of the of
the actud physca phenomenon has been handled quite a a basic leve, keeping to a
minimum the amount of information required and the computationd effort.

Accordingly, the predetermined sequence of discrete events (creation of an opening in the
fore peek, filling of the fore pesk, crestion of away for flooding in hold No.1, filling of the
hold), cannot be conddered as redigtic in absolute sense, as such events are actudly
competitive, at least up to a certain extent. However, the modd is deemed to be able to
capture a sgnificant part of the phenomenon and to provide vaid comparative information.
The uncertainties inherent in the model (actua collapse loads, opening aress efc.) were
compensated by tuning the modd againg the casudty statistics, thus they are not expected
to affect the variation of the results consequent to the introduction of the RCOs.

Aress of possble improvements of the modd are listed below.

1. The actud amount of water on deck is very difficult to obtain, being dependent on non
linear interactions between waves and fore body of the ship and on a complicate patterns
of the flow of water once onboard.

2. Adoption of different types of probability distributions for wave (or dynamic free board)
amplitudes can improve the redlism in the description of the phenomenon (more detalled

67




formulations than the adopted Rayleigh distributions are available to modd non narrow
band processes).

. Locd dructurd loads induced by the presence of water on deck should take into
consderation aso effects due to horizontal water velocities and to ship motions. Thisis
however an open research fidd: a satisfactory representation of this aspect is probably
not at hand.

. To improve the description of the filling event, joint distributions of wave amplitudes and
periods could be adopted (e.g. the one proposed by Longuet & Higgins, 1983), which
should result in dightly more conservative predictions (high waves have in generd longer
periods than the average one, which is presently included in the modd for dl waves
(Eq.2).

. The area of the way for flooding is in principle a time-variant stochadtic varigble:
presently it is treeted as a deterministic quantity, with somewhat arbitrary assumptions on
the water ingress area. A more redistic model would however require Satistical data,
which are however very difficult to be obtained.

. The selection of the combination of filling time of forepesk and hold No.1 is conservative,
on the other hand any other choice would have been arbitrary.

. The adopted scatter diagram is based on three ocean zones, whilst the bulk carriers may
follow other routes.
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APPENDIX 4

SCATTER DIAGRAM WEIGHTED OVER THE bulk carrier ROUTES

<4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 11-12 12-13 >13

6.966E-03 3.215E-02 4.697E-02 3.230E-02 1.276E-02 3.201E-03 5.627E-04 7.687E-05 8.790E-06 1.230E-06 0.000E+00
1.560E-03 2.206E-02 7.193E-02 9.888E-02 7.616E-02 3.632E-02 1.157E-02 2.688E-03 4.943E-04 7.724E-05 1.073E-05
2.022E-04 5.268E-03 2.796E-02 6.019E-02 7.355E-02 5.513E-02 2.653E-02 8.871E-03 2.247E-03 4.639E-04 8.279E-05
2.499E-05 1.009E-03 7.526E-03 2.201E-02 3.716E-02 3.862E-02 2.518E-02 1.106E-02 3.564E-03 9.112E-04 1.967E-04
3.430E-06 1.967E-04 1.885E-03 6.872E-03 1.466E-02 1.939E-02 1.588E-02 8.575E-03 3.324E-03 1.001E-03 2.504E-04
4.900E-07 4.337E-05 5.000E-04 2.129E-03 5.363E-03 8.487E-03 8.270E-03 5.245E-03 2.351E-03 8.053E-04 2.254E-04
0.000E+00 1.127E-05 1.478E-04 7.008E-04 1.982E-03 3.582E-03 3.995E-03 2.878E-03 1.451E-03 5.526E-04 1.698E-04
0.000E+00 3.430E-06 4.940E-05 2.513E-04 7.690E-04 1.535E-03 1.904E-03 1.524E-03 8.474E-04 3.530E-04 1.181E-04
0.000E+00 9.800E-07 1.835E-05 9.835E-05 3.177E-04 6.831E-04 9.238E-04 8.068E-04 4.878E-04 2.200E-04 7.886E-05
0.000E+00 4.900E-07 7.320E-06 4.227E-05 1.403E-04 3.180E-04 4.615E-04 4.351E-04 2.830E-04 1.363E-04 5.234E-05
0.000E+00 0.000E+00 3.170E-06 1.943E-05 6.583E-05 1.547E-04 2.385E-04 2.393E-04 1.663E-04 8.532E-05 3.441E-05
0.000E+00 0.000E+00 1.470E-06 9.730E-06 3.252E-05 7.874E-05 1.271E-04 1.345E-04 9.904E-05 5.402E-05 2.296E-05
0.000E+00 0.000E+00 4.900E-07 4.610E-06 1.736E-05 4.187E-05 6.918E-05 7.691E-05 5.920E-05 3.412E-05 1.559E-05
0.000E+00 0.000E+00 4.900E-07 2.910E-06 9.170E-06 2.257E-05 3.859E-05 4.453E-05 3.613E-05 2.185E-05 9.770E-06
0.000E+00 0.000E+00 4.900E-07 3.660E-06 1.304E-05 3.096E-05 5.380E-05 6.570E-05 5.771E-05 3.756E-05 1.958E-05
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APPENDIX 5
COST ESTIMATE OF THE RISK CONTROL OPTIONS

This section dedls with the estimates of fitting the following RCOs (for which Risk Control
Measuresis perhaps a more appropriate denomination) on existing ships:

1. condruction of aforecastle

2. condruction of abulwark

3. ingdlation of a monitoring system to detect the presence of water in the forepeak

4. fitting Surdier deck fittings and a system for remotely closing the deck openings.

The estimates were carried out in detall for the Panamax and Capesize vessdls, for the other
two a proportiond variation can be expected, as explained below. The prices are consstent
with the typicd quotations of the mgor Western shipyards.

The quantification was made for retrofits, as it is the most expensive stuation. For a new

design, it is much more difficult to make accurate estimates, but it can be presumed that the
costs, with respect to existing ships, are abated by 70% or even more.

For exigting ships, off-hire is excluded as a cost eement, asit is assumed that such works be
planned during speciad surveys or other ship repairs, i.e, a the most convenient time.

Furthermore, a proper notice to the yard (of the order of 6 months) can further reduce the
retrofitting time,

A5.1 Forecastle
Description of the main works

Congtruction of a forecastle by eevating the existing one by 3 m between frames 287-316
(Capesize) and between frames 233-250 (Panamax), by prolonging the inclinaion of the
exiding forecadtle as far as possible and using the same materidl.

Transfer upwards of the current weather deck fittings and structure, stiffeners in way of the
anchor winch area, mooring capstans, pardld-pillar bollards, fairleads, roller chocks etc.
Trander upwards of 2 anchor winches and two mooring capstans, booby hatch and ladder
to access the bos n store.

Modification of the hawsing pipes.

Fitting of new handrails and two stairways ng to the new forecadtle,

Extenson of dectric cables and hydraulic and compressed air pipes as required by the new
deck layout.

Raise of ventilators, cowls, sounding pipes.

The tables below report the detail of the cost estimates. The basic unit cost was estimated as
400 US $ per metric ton of sted, and 19 US $ per man-hour. It can be seen that the
estimates vary by afactor of 2 between the two vessdls, grosdly, the same variation can be
expected for Handymax vessels with respect to a Panamax, whilst Handysize bulkers are
dready usudly fitted with aforecastle.
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Capesize

Material Cost (US$) M anpower Cost (US$)
Stedd  plates (107 42,750 Scaffolding, 260,000
metric tons) congtruction
Forecastle and demdlition,
Weather deck laying off and
modifications materid
Stiffeners preparation,
Booby hatch, fabrication
darways, handrails onboard,
Sde sdl (port and anchor
starboard) removas (25
Miscdllaneous US$/ kg)
Weding oxygen and 15,350 Coating 20,400
electrodes induding
materid) (0.2
US ¥ kg)
Cleaning 4,800 Tota 280,400
Tota 62,900
Grand Total 343,300
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Panamax
Material Cost (US$) M anpower Cost (US$)

Stedd  plates (107 22,750 Scaffolding, 136,000
metric tons) construction
Forecastle and demoalition,
Weather deck laying off and
modifications materid
Stiffeners preparation,
Booby hatch, fabrication
darways, handrails onboard,
Sde sdl (port and anchor
starboard) removas (25
Miscdllaneous US$/ kg)
Weding oxygen and 8,000 Coating 10,700
electrodes induding

materid) (0.2

US ¥ kg)
Cleaning 2,800 Tota 146,700
Tota 33,550
Grand Total 180,250

A5.2 Bulwark

This solution envisages the fore bulwark to be raised up to 4 m. It is cheaper to build up a
new 4-m bulwark rather than to raise the currently fitted fore bulwark by 1.8 m. Of course,
this solution is cheaper than the forecastle, as well, in that it does not require the deck to be
rased. However, this aso implies to have less available space in the forepeek. This negative
effect was not quantified.

The structure of the new bulwark must be composed of 500 x 12 brackets with 200 x 15
plates, spaced by 700 mm intervals. The brackets must be placed on 300 x 500 x 12
gussets, laid out on the weeather deck across the beams. The brackets must be laid out so as
to dlow the gussets to be welded continuoudly.

The bulwark must be strengthened by longitudinals spaced by 850/900 mm intervals.
Furthermore, it has to be equipped with a catway running aong it, about 2.7 m above deck,
with adequate access stairways.

This solution does not require any remova of winches, hawse pipes, deck fittings etc.

The tables below report the detail of the cost estimates. The basic unit cost was estimated
as.

400 US $ per metric ton of sted!

140 US $ of consumables per metric ton of sted!

190 US $ of coating per metric ton of stedl

19 US $ per man-hour.
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It can be seen that the estimates vary by a factor of 2 between Capesize and Panamax;
grosdly, the same variation can be expected for Handymax vessdls with respect to a
Panamax, whilst Handysize bulkers are usudly aready equipped with aforecastle.

Capesize
Material Cost (US9$) M anpower Cost (US9)

Sted plates, diffeners, 26,300 Scaffolding, 108,000
tapered structures, congruction
brackets, longitudinas and demoalition,
(48 metric tons) laying off and
Catway meateria
Miscellaneous preparation,

fabrication

onboard,

anchor

removas (25

US$/kg)
Weding oxygen and 6,900 Coating 9,200
electrodes induding

materid) (0.2

US ¥ kg)
Cleaning 2,400 Tota 117,200
Tota 37,900
Grand Total 152,800

Panamax
Material Cost (US$) M anpower Cost (US$)

Sed plates, diffeners, 14,200 Scaffolding, 58,800
tapered structures, congtruction
brackets, longitudinas and demoalition,
(26 metric tons) laying off and
Catway meterid
Miscdlaneous preparation,

fabrication

onboard,

anchor

removas (25

US$/Kg)
Wedding oxygen and 3,700 Coating 5,000
electrodes induding

materid) (0.2

US ¥ ko)
Cleaning 2,400 Tota 63,800
Tota 20,300
Grand Total 84,100
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A5.3 Monitoring System

This solution congtitutes an upper limit of what can be conceived, in terms of monitoring, to
ensure a prompt detection of forepeak flooding.

This automation system is applicable on any vessel between about 50,000 to 130,000 dwt,
a cogts which do not vary sgnificantly with the deadweight. The quotations were made on
the bads of commercid equipment ddivered by mgor companies, that is therefore redigtic
and readily avallable. It features the following items.

a) Detection sysem for the unwanted flooding of the forepesk/deep tanks, through
electronic sea water sensors featuring the consstency control of the water ingress volume,
and darming the bridge for the ballast pump startup. The system can envisage the automeatic
pump Sartup, but in this case it is advisable that it is left to the bridge personnd to confirm
the pump action. The system would of course envisage the detection and transmission of
pumps and valves conditions (opern/closed, on/off).

b) Possihbility of evacuation of smal water volumes from the forepeak through the stripping
pumps of the port and starboard deep tanks, by connecting these spaces with lines
equipped with a couple of butterfly valves.

¢) Monitoring sysem for the remote control of bosn store spaces, equipped with 4
monitors and a single screen on the bridge.

It is assumed that the ships are IAQ-1 automated, thus the aforesaid maneuvers of pumps
and valves are carried out from the bridge.

The monitoring system above described was itemized as follows. The prices (in US $) are
comprehensive of supply and ingtdlation. Rices are assumed not to vary too much for
newbuildings.

Computer-based automation system 24,000
Programmable level detection and andysis system 9,600
Water ingressdarmin hold No.1 asper IACS UR S24 3,000
Two microwave level sensors 4,800
Four monitors with accessories 19,000
Total 57,400

This edimate is rdevant to anti-spark equipment for OBOs, and congtitutes therefore an
upper bound. For bulk carriers, the cost can be abated by about 25%. Allowances have to
be made for spare parts to be kept onboard and periodical survey (say, once per year).

A5.4 Upgrade of the Deck Fittings Design
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This RCO envisages the following interventions:

a) Replacement of the deck fittings with sturdier ones; in the absence of a proper standard,

it was assumed that the new ones are double as thick as the existing ones. To make a
gross estimation, the following works are envisaged.

Replacement of the existing cowls, ventilators, air pipes and hatches. The new pipes
can be of the type ASA B. 36.10 extra strong, not welded, external diameter from 1.5
up to 30 in, thickness 12.7 mm to 5 mm according to the needs. In case a diameter
greater than 30 in is required, welded sted pipes can be employed, of the type UNI
7070.82 (Fe 360B, 430B, 510B) or UNI 5969.75 (Fe 410.1 KW, 410.2 KW, 510.4
KW, 510.2 KW), 13 to 15 mm thick. Additiond weight about 9 tonnes for the
Capesize and 8 for the Panamax.

b) Vaves, fitted below the weather deck, to provide a watertight closure of fore deck

openings such as cowls, ventilating pipes, sounding pipes etc. The vaves of this
quotation are double piston actuated, operated through a hydraulic unit equipped with
an 8-point digribution pand transmitting the sgnasto the bridge.

The package above described was itemized as follows. The prices (in US $) ae
comprehengve of supply and ingdlation. The cost of the deck fittings can be abated by
about 80%, and the remote system by about 10% in Far Eastern yards. For newbuildings,

the whole estimates can be reduced by 70%.

Sturdier deck fittings 27,000
Sx butterfly valves 20,000
Hydraulic unit 7,200
Eight-point distribution pane 3,800
Connections between valves and unit and

extenson of cablesto the bridge 22,400
Total(Existing ships) 80,000
A5.5 Sensitivity

To provide a sengitivity, the erection of the forepeak or bulwark and new pipes would be
abated by over 50% if carried out in Far Eastern shipyards and by about 33% in Eagtern
Europe shipyards. For the items related to automation system, the cost was estimated to be
10% lower in Far East and 20% higher in Eastern Europe, where no specidized suppliers

are avallable.

The overdl approximate cost of RCOs can be summarized in the table below.

RCO Cost range (US $)
Forecastle 180,000, 340,000 (Capesize)
97,000, 180,000 (Panamax)
52,000, 100,000 (Handymax)
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Bulwark 80,000, 150,000 (Capesize)
45,000, 84,000 (Panamax)
26,000, 47,000 (Handymax)

Monitoring system 40,000, 57,000 (All bulk carriers)

Upgrade of deck fittings | 63,000, 80,000 (Capesize)
with remote dosing sysem | 53,000, 70,000 (Panamax)
43,000, 60,000 (Handymax)

76




