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1 ABSTRACT

In 2016, EMSA initiated the first FIRESAFE study in order to investigate cost-efficient measures for reducing
the risk from fires on ro-ro spaces with a focus on Electrical Fire as ignition source as well as Fire
Extinguishing Failure. In 2017, EMSA initiated the FIRESAFE Il study to investigate risk control options in
relation to Detection and Decision as well as Containment and Evacuation, following a ro-ro space fire
incident on any ro-ro passenger ship.

The main objective of FIRESAFE and FIRESAFE Il was to improve the fire safety of ro-ro passenger ships
by cost-efficient safety measures reducing the risk of ro-ro space fire, with an aim to discuss specific
proposals for rule making.

This report presents the results of the combined assessment of cost effectiveness based on the results from
the different parts previously considered separately in FIRESAFE and FIRESAFE II.

The combined cost-effectiveness assessment was performed on 21 Risk Control Options (RCOs) for three
generic ships representing the world fleet of RoPax ships (Cargo, Standard and Ferry RoPax), taking into
account potential differences between Newbuildings and Existing ships.

Recommendations for decision making were provided based on the results of the combined cost-
effectiveness assessment.
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2 EXECUTIVE SUMMARY

The main objective of FIRESAFE |l was to improve the fire safety of ro-ro passenger ships by cost-efficient
safety measures reducing the risk of ro-ro space fire, with an aim to discuss specific proposals for rule
making. In Part 2.1 of the study, reported here, the objective was to summarise the results from the different
parts previously considered separately in FIRESAFE and FIRESAFE Il and to conduct a combined cost-
effectiveness assessment.

Since this report was based on FIRESAFE and FIRESAFE I, it should be read in conjunction with the reports
from these studies, as referred below, in a view to consider the basis for this study as well as the assumptions
made:

1 FIRESAFE: Study investigating cost efficient measures for reducing the risk from fires on ro-ro
passenger ships, focusing on Electrical fires as ignition risk and Fire extinguishing failure;

1 FIRESAFE II: Second study investigating cost efficient measures for reducing the risk from fires on
ro-ro passenger ships, focusing on Detection and Decision (Part 1) and Containment and Evacuation
(Part 2).

The combined assessment considered open ro-ro spaces, closed ro-ro spaces as well as weather decks,
for both Newbuildings and Existing ships.

The relevant steps of the Formal Safety Assessment (FSA) methodology, as described in the Guidelines
MSC-MEPC.2/Circ.12/Rev.2, were followed. The FSA is a structured and systematic methodology aimed at
enhancing maritime safety and consists of the following five steps:

1 Step 1: Hazard identification;

Step 2: Risk analysis;

Step 3: Risk control options;

Step 4: Cost-effectiveness assessment; and
Step 5: Recommendations for Decision-Making.

= =4 —a -9

All the results related to the first two steps of the FSA methodology are summarised in this report to provide
a foundation for the combined cost-effectiveness assessment. These steps are discussed in further detail in
the above-mentioned reports.

To consider the diverse world fleet of RoPax ships in the study, three generic categories of ships were
defined based on a lane metre to passenger capacity ratio:

1 Ferry RoPax, represent RoPax ships or ferries with focus on carriage of passengers but which can
also carry cargo similar to a Standard RoPax. These ships typically only have closed ro-ro spaces
or mainly closed ro-ro spaces and a small weather deck;

1 Standard RoPax, represent the RoPax ships with focus on both carriage of cargo and of passengers.
These vessels typically have each of the three types of ro-ro spaces: closed ro-ro spaces, open ro-
ro spaces and weather decks. The size of the weather deck/s is generally medium to large within
this category; and

I Cargo RoPax, represent RoPax ships with focus on carriage of cargo and basically have a
passenger capacity just enough to carry the number of drivers necessary to load the ro-ro spaces
with accompanied trailers. These vessels typically have closed ro-ro spaces and large weather
deck/s.

The main fire risk model developed in FIRESAFE and upgraded in FIRESAFE Il was consolidated with all
the fault trees and sub-risk models that were previously developed with an aim to analytically investigate
each of the fire protection chain components separately (namely Ignition, Detection, First Response,
Decision, Extinguishment, Containment and Evacuation). The Potential Loss of Life (PLL) for the three ship
categories considered was estimated on the basis of the consolidated main fire risk model.
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A review of the RCOs investigated in FIRESAFE and FIRESAFE Il was made to identify and quantify effects
on other parts of the main fire risk model than that for which they were identified, with a view to conduct a
combined cost-effectiveness assessment.

The comprehensive quantifications of the RCOs were integrated into the consolidated main fire risk model,
from which effects on the overall risk could be calculated, thereby providing the benefit part of the cost-
effectiveness assessment.

Thereafter, the costs associated with the implementation of the RCOs, estimated in FIRESAFE and
FIRESAFE IlI, were recapitulated. However, the costs for the RCOs Electrical fire and Suppression, were
only estimated for Standard RoPax in FIRESAFE and were hence necessary to derive also for Cargo and
Ferry RoPax.

Based on the overall risk reductions and costs of the RCOs, the combined assessment was conducted with
estimations of the Gross Cost of Averting a Fatality (GCAF) and Net Cost of Averting a Fatality (NCAF) for
each RCO.

A few RCOs that were not found cost-effective in FIRESAFE and the first parts of FIRESAFE Il were found
cost-effective when considering their additional impacts on the rest of the fire protection chain. These RCOs
were:

1 Combined heat & smoke detectors and Alarm System Design & Integration (on Cargo RoPax
Newbuildings, Standard RoPax Existing ships, and Ferry RoPax Existing ships);

1 CCTV (for Standard RoPax Newbuildings and Existing ships, and Ferry RoPax Existing ships); and

1 CCTV and Remote control (for Standard RoPax Existing ships).

The RCOs achieving the highest risk reduction in a cost-effective manner were:

1 Regardless of the ship category:
o Fire monitors on weather decks;
Robust connection boxes;
Combined heat and smoke and alarm system design and integration;
Alarm system design and integration (smoke);
IR camera; and
o Improved markings/signage for wayfinding and localization.
I For Standard RoPax and Ferry RoPax:
o Precondition for early activation of drencher system
o CCTV and Remote control;
o CCTV;
0 Remote control; and
0 Only ship cables.
1 For Standard RoPax:
o0 Safe distance
1 For Ferry RoPax:
0 Safe distance (only for Newbuildings).

O O O O

In addition to the above RCOs, the following RCOs were found cost effective and associated with a low cost:

Training for awareness;

Efficient activation routines;

Fresh water activation/flushing; and
0 Only crew connections

O O O

In view of the above combined cost-effectiveness assessment results, proposed amendments to IMO
regulations are presented in this report for the implementation of Risk Control Options that proved to be cost-
effective when considering their impacts along the whole fire protection chain.
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6 INTRODUCTION

6.1 Scope and Objectives

The main objective of FIRESAFE Il was to improve the fire safety of ro-ro passenger ships by cost-efficient
safety measures reducing the risk of ro-ro space fire, with an aim to discuss specific proposals for rule
making. In Part 2.1 of the study, reported here, the objective was to conduct a combined assessment of all
risk control options (RCOs) investigated in the FIRESAFE and FIRESAFE Il studies, considering open ro-ro
spaces, closed ro-ro spaces as well as weather decks, for both newbuildings and existing ships.

6.2 Background

In 2016, EMSA initiated the FIRESAFE study in order to investigate cost-efficient measures for reducing the
risk from fires on ro-ro passenger ships with a focus on Electrical Fire as ignition source as well as Fire
Extinguishing Failure. These areas were considered the greatest risk contributors by the EMSA Group of
Experts on fires on ro-ro decks.

The study produced a coarse risk model covering the various stages of a fire incident on a ro-ro passenger
ship, namely: Ignition, Detection/Decision, Extinguishment, Containment and Evacuation.

In 2017, EMSA initiated the FIRESAFE Il study to investigate risk control options for mitigating the risk from
fires in ro-ro spaces in relation to Detection and Decision (Part 1) as well as Containment and Evacuation
(Part 2), which are items which were not addressed specifically in FIRESAFE.

Two additional parts, one focusing on alternative fixed fire-extinguishing systems for ro-ro decks (Part 3),
and one part focusing on detection systems in open ro-ro spaces and weather decks (Part 4) were also
included.

In this new study, a combined assessment of all risk control options investigated in the FIRESAFE and
FIRESAFE Il studies was performed.

6.3 Methodology

In order to achieve the objectives described in section 6.1, the following steps were followed:

1 Problem Definition: The objective of this section is to clarify the objectives and clearly define the
scope of the study. This was done through an analysis of the RoPax fleet and of relevant regulations,
requirements. Three generic categories ships were defined to consider the diverse world fleet of
RoPax ships. A summary of the results is provided in Chapter 7;

1 Identification of Hazards and Risk Analysis: These steps of the FSA methodology were conducted
for each of the parts in FIRESAFE and FIRESAFE II. The purpose of the Hazard Identification is to
identify relevant hazards to the safety matter under consideration. Consecutively, the Risk Analysis
step investigates in further detail the causes and initiating events of the accident scenarios identified
in the ldentification of Hazards. The different risk models and dedicated fault trees developed in
FIRESAFE and FIRESAFE Il were consolidated and recapitulated. A summary of these steps is
detailed in Chapter 8;

1 Risk Control Options: An overview of the various RCOs that were investigated in FIRESAFE and
FIRESAFE Il is provided. The RCOs were screened to identify the ones that were considered to
affect other parts of the risk model (at different stages of the fire development phases) than that for
which they were identified. The results of this step is provided in Chapter 9;

1 Combined cost-effectiveness assessment: The RCOs are analysed in a way to facilitate the
understanding of the costs and benefits resulting from the potential adoption of such RCOs. This
results in a ranking of the RCOs from a cost-efficiency perspective. The results of this step are
provided in Chapter 10; and

1 Recommendations for Decision-Making: Based on the above tasks, and in particular the combined
cost-effectiveness assessment, specific proposals for rule making are discussed. These discussions
are presented in Chapter 11.
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7/ BACKGROUND INFORMATION

7.1 Analysis of the RoPax fleet

All information necessary to the completion of the FSA study were extensively detailed in the report for Part
1 (detection and decision) of the FIRESAFE Il study. Only a summary of the results and details related to
containment and evacuation are provided below.

7.1.1 FIRESAFE Il Fleet: Selection criteria & analysis

The fleet under consideration was restricted to vessels:

1 classed as Passenger/Ro-Ro Ship;

engaged on international voyages or EU domestic class A;
gross tonnage equal or greater than 1,000;

with a build date on or after 01/01/1970;

Froude number less than 0.5%; and

Classed or having been classed by one the IACS members.

=A =4 =4 =4 =4

The FIRESAFE Il fleet is composed of 811 ships active during the period 2002-2016 leading to a total of
7001 shipyears over the period 2002 7 2016 (very slight increase over the years).

The average age of the fleet is 20 years old in 2016, with an average loss age of 32 years old, (and maximum
age of 46 years old.). The life expectancy (at delivery) over the period 2002-2016 was estimated to 39.2
years old.

7.1.2 Definitions

7.1.2.1 Ro-ro space, vehicle space and special category space
As per SOLAS 11-2/3:

T AVehi cl earesgoga spacss intended for carriage of motor vehicles with fuel in their tanks for
their own propulsion. o
1 A R-m spaces are spaces not normally subdivided in any way and normally extending to either a
substantial length or the entire length of the ship in which motor vehicles with fuel in their tanks for
their own propulsion and/or goods (packaged or in bulk, in or on rail or road cars, vehicles (including
road or rail tankers), trailers, containers, pallets, demountable tanks or in or on similar stowage units
or other receptacles) can be | oaded and unl oaded
T ASpeci al category spaces are those enclosed vehic
into and from which vehicles can be driven and to which passengers have access. Special category
spaces may be accommodated on more than one deck provided that the total overall clear height
for vehicles does not exceed 10 m. o
1 Special category spaces are ro-ro spaces to which passengers have access, possibly during the
voyage. Special category spaces are the most frequent type of closed ro-ro spaces on ro-ro
passenger ships.
9 Itis to be noted that open ro-ro spaces are not considered as special category spaces.

7.1.2.2 Closed, open and weather deck
As per SOLAS 1I-2/3:

1 A @ we adckisardeckl which is completely exposed to the weather from above and from at least
two sides. o0
T I ACS Ul SC 86 additionally det ad/lb aro-tolsmate:fullyfofenr t he

above and with full openings in both ends may be treatedas a weat her deck. 0

1 To exclude High Speed Crafts.

Bureau Veritas i RISE T Stena | FIRESAFE I 11/73



91 For practical purposes, drencher fire-extinguishing system cannot be fitted on weather decks due to
the absence of deckhead. This criterion is often used for a practical definition of weather decks.

1 Anopen vehicle orro-rospaceisfiei t her open at both ends or [ has]
provided with adequate natural ventilation effective over [its] entire length through permanent
openings distributed in the side plating or deckhead or from above, having a total area of at least

10% of the total area of the space sides. o0
1 A closed vehicle or ro-ro space is any vehicle or ro-ro space which is neither open nor a weather
deck.

1 As areference criterion, it can be considered that a vehicle space that needs mechanical ventilation
is a closed vehicle space.

7.2 Generic ships

Interested readers can refer to the first part FIRESAFE Il (EMSA, 2018) for more detail on the generic ships
selection process.

7.2.1 Description of the generic ships chosen for the study

7.2.1.1 Cargo RoPax

This sample ship is a representative design of a Cargo RoPax of a size of 13 294 GT. It was designed with
a capacity of 186 persons onboard. The vessel is compliant with all relevant international rules and
regulations. The ship is designed to SOLAS A.265 and later reconstructed to operate as per the SOLAS 90.
Ship has 6 MVZ.

Passenger cabins are located in the superstructure on Deck 4, 5 and 6. Restaurant is located on Deck 6.
The remaining part of Deck 4 consists in a garage and weather deck. Deck 2 is the main deck with ro-ro
lanes throughout the full length of the ship. Lower hold on Deck 1 is for trailers and trucks. Picture of this
ship is provided in Figure 1.

The total ro-ro area (excluding casings etc.) on the Cargo RoPax is 4 364m2. 67% of this area is located in
closed spaces (lower hold, main deck and garage), the remaining 33% being the weather deck.

| I = T e T T i AT

-~

Figure 1: Picture of the Stena Gothica (Cargo RoPax ship)

The main characteristics of the Cargo RoPax ship are detailed in Table 1 and the cargo decks particulars
are further described in Table 2.
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Table 1: Main characteristics of the Cargo RoPax ship

GENERAL Cargo RoPax
Length overall 171,05 m
Breath moulded 20,25 m
Draught 527 m
Built 1982
Deadweight 4750t
Gross tonnage 13294t
Net tonnage 3988t
Cargo capacity 1600 Im
Pax capacity 186 pax

Goteborg - Frederikhamn,

Route day and night
Passage time 3,5 hrs
Fire pump 1 71 m3/h
Fire pump 2 70 m3/h
Emergency fire pump 90 md/h
Drencher pump 288 m3/h
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Table 2: Description of the cargo decks of the Cargo RoPax ship

General description

Weather deck(+ garage), deck 4

Extinguish

Drencher (garage)
Fire monitors? (WD)

Detection

Heat detectors (garage)

Containment

WD + garage with open aft

Ventilation Mechanical

Cargo Standard trailers/trucks

General description Main Deck, deck 2

Extinguish Drencher

Detection Smoke detectors + Heat detectors (Heat det. in

drencher section 6, ships length extended)

Containment

Closed ro-ro space

Ventilation Mechanical
Cargo Standard trailers/trucks
General description Lower Hold, deck 1
Extinguish Drencher
Detection Smoke detectors

Containment

Closed ro-ro space

Ventilation Mechanical

Cargo Standard trailers/trucks

7.2.1.2 Standard RoPax

This sample ship is a common and popular design of a RoPax of a size of 26904 GT. It was designed for
with a capacity of more than 880 persons onboard. The vessel is compliant with all relevant international
rules and regulations. The ship is designed to and operating as per the SOLAS, 1974. Ship has 6 MVZ.

Passenger cabins are located in the superstructure on Deck 6, above the restaurant on Deck 5. The
remaining part of Deck 5 consists of a weather deck for cars. Below on Deck 4 is located an open ro-ro
space with a small weather deck in the aft. Deck 3 is the main deck with ro-ro lanes throughout the full length
of the ship. A small car deck seldom used (about 82 cars) is located on Deck 2 and some 250 lane metres
for trailers and trucks are situated in the lower hold on Deck 1. Picture of the ship is provided in Figure 2.

The total ro-ro area (excluding casings etc.) on the Standard RoPax is 9446m?. The repartition between the
different ro-ro spaces is as follows: 53% of closed spaces (lower hold, main deck and car deck), 32% of open
spaces (garage) and 5% of weather deck.

2 For the purpose of the study, in order to represent the most common situation in the world fleet, it is
considered that a Cargo RoPax ship is not equipped with fire monitors
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Figure 2: Picture of the Stena Flavia (Standard RoPax ship)

The main characteristics of the Standard RoPax ship are detailed in Table 3 and the cargo decks particulars
are further described in Table 4.

Table 3: Main characteristics of the Standard RoPax ship

GENERAL Standard RoPax
Length overall 186,5m

Breath moulded 25,5 m

Draught 6,16 m

Built 2008
Deadweight 5875t

Gross tonnage 26904 t

Net tonnage 8912t

Cargo capacity 2200 Im

Pax capacity 830 pax

Route Nynashamn - Ventspils, day and night
Passage time 6-9 hrs, pending timetable
Fire pump 1 110 m%h

Fire pump 2 n/a
Emergency fire pump 110 m%h
Drencher pump 960 m3/h
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Table 4: Description of the cargo decks of the Standard RoPax ship

dGéa:cerrigltion Weather Deck for cars, deck 5
Extinguish None

Detection None

Containment Weather deck

Ventilation None

Cargo Standard cars, minivans
deggc’arrigltion Open ro-ro space/Weather Deck, deck 4
Extinguish Drencher (except for WD part)
Detection Smoke detectors (except for WD part)

Containment

Open ro-ro space, side openings >10%, open aft towards small WD and ramp

Ventilation Natural + partly mechanical
Cargo Standard trailers/trucks
dGee:cerrigltion Main Deck, deck 3
Extinguish Drencher
Detection Smoke detectors

Containment

Closed ro-ro space

Ventilation Mechanical

Cargo Standard trailers/trucks, Various ro-ro units

dG::Cerrigltion Lower Hold, deck 1 gee:(:erri?)[[ion Car Deck in Io;ver hold, deck
Extinguish Drencher Extinguish Drencher
Detection Smoke detectors Detection Smoke detectors

Containment

Closed ro-ro space Containment Closed ro-ro space

Ventilation

Mechanical Ventilation Mechanical

Cargo

Standard cars

Standard trailers/trucks Cargo

7.2.1.3 Ferry RoPax

This sample ship is a common and popular design of a Ferry RoPax of a size of 30 285 GT. It was designed
for with a capacity of more than 1 200 persons onboard. The vessel is compliant with all relevant international
rules and regulations. The ship is designed to and operating as per the SOLAS 1997 including Stockholm
Agreement. Ship has 5 MVZ.

Passenger cabins are located in the superstructure on Deck 8, above the restaurant on Deck 7. The
remaining part of Decks 7 and 8 consists of decks for engine casing, life boats and rafts. Below on Deck 5/6
is located a closed ro-ro space with open end to a small weather deck in the aft. Deck 3 is the main deck
with ro-ro lanes throughout the full length of the ship. A small car deck is located on Deck 2 and cars and
vans are stowed in the lower hold on Deck 1. Picture of the ship is provided in Figure 3.

The total ro-ro area (excluding casings etc.) on the Standard RoPax is 9 446mz2. The repartition between the
different ro-ro spaces is as follows: 53% of closed spaces (lower hold, main deck and car deck), 32% of open
spaces (garage) and 5% of weather deck.
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Figure 3: Picture of the Stena Superfast VIII (Ferry RoPax ship)

The main characteristics of the Ferry RoPax ship are detailed in Table 5 and the cargo decks particulars are
further described in Table 6.

Table 5: Main characteristics of the Ferry RoPax ship

GENERAL Ferry RoPax
Length overall 203,3 m
Breath moulded 25m
Draught 6,6 m
Built 2001
Deadweight 5920t
Gross tonnage 30285t
Net tonnage 10 703t
Cargo capacity 1900 Im
Pax capacity 1 200 pax

Belfast - Cairnryan,

Route day and night
Passage time 2,5-3 hrs, pending timetable
Fire pump 1 150 m3/h

Fire pump 2 n/a

Emergency fire pump 150 m3/ h
Drencher pump 285 m¥/h
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Table 6: Description of the cargo decks of the Ferry RoPax ship

dGener.aI . Cargo Deck, deck 5
escription

Extinguish Drencher (except for WD part)
Detection Smoke/heat detector (except for WD part)

Containment

Closed ro-ro space with open aft towards small WD

Ventilation Mechanical

Cargo This deck has 4 lanes which can take high freight traffic full 50% of crossings, the 2
9 outside lanes normally have drop trailers or cars.

Gener.al : Main Deck, deck 3

description

Extinguish Drencher

Detection Smoke/heat detector

Containment

Closed ro-ro space

Ventilation Mechanical

Cargo Mix of running freight traffic and drop trailers. Cars/vans on busy trips.
See:cerrigltion Lower Hold, deck 1 dGee:cerriZItion Car Deck in lower hold, deck 2
Extinguish Drencher Extinguish Drencher

Detection Smoke detectors Detection Smoke detectors

Containment

Closed ro-ro space Containment Closed ro-ro space

Ventilation

Mechanical Ventilation Mechanical

Cargo

Cars, vans. Cargo Cars, vans
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8 HAZARD IDENTIFICATION AND RISK ANALYSIS

8.1 Identification of Hazards

For the first step of the Formal Safety Assessment methodology, as described in (IMO, 2018), Hazard
Identification (Hazld) workshops were conducted in FIRESAFE and FIRESAFE Il in order to identify the
causes and effects of accidents and relevant hazards, in relation to each of the fire protection chain
components considered. Both hazards that have materialized in the past and those that have not been
experienced (yet) were identified through analytical and creative techniques.

Interested readers can refer to the FIRESAFE and FIRESAFE Il reports for the detailed results of the Hazld
workshops.

Furthermore, an analysis of the casualty historical data was performed in FIRESAFE (EMSA, 2016) and
updated in FIRESAFE Il (EMSA, 2018).

8.2 Background

The purpose of risk analysis in step 2 of the FSA process, as described in MSC-MEPC.2/Circ.12/Rev.2, is
to undertake a detailed investigation of the frequencies and consequences of identified accident scenarios.
This is achieved by using suitable risk models built by means of standard techniques such as fault trees and
event trees. The generic methodology applied during risk analysis consists of linking fault trees with the
event trees to represent full accident scenarios.

This methodology has been acknowledged in document 111 3/4/5 (IMO, 2016) and was used in the FIRESAFE
study where three risk models (one eventtree andt wo i f a uwere develoged te ivestigate the topics
Electrical Fires as ignition risk and Fire Extinguishing Failure.

In particular, the main fire risk model (event tree) identified the pivotal events which affect the outcome of
different fire scenarios in ro-ro spaces and had been developed in such a way that it could be used in future
investigations into specific nodes beyond the scope of the first FIRESAFE study. The main fire risk model
was subsequently updated in the first part of FIRESAFE Il where a review and update of the model was
conducted, leading to the introduction of dedicated branches in the event tree for Detection, First response,
and Decision as well as Containment and Evacuation (or fire integrity of evacuation routes and LSAS).

The main fire risk model and the associated sub-models were developed in such a way that it is possible to
assess, in quantitative values, the consequences of additional preventing and mitigating measures
addressing the risks of containment and evacuation failures.

For Detection, Decision Suppression, and Containment, dedicated fault trees were developed focusing on
the main fire hazards identified during the Hazld. The trees were quantified to gain an understanding of the
impacts on risks and to investigate in further detail the important causes and initiating events of the accident
scenarios identified. This allowed quantification of the contributing failures as well as to calculate the overall
failure rate. In order to consider the different types of ro-ro spaces, different trees were developed and
guantified by investigation of available failure data, fire simulations and expert judgement, in case none of
the previous options were available. For Evacuation, a sub-risk model was developed for investigating the
impact on the safety distance to protect stowage areas, embarkation stations and LSA from fire.

All the fault trees and sub-risk models were consolidated within the main fire risk model.

8.3 Consolidated main fire risk model

The updated chain of events for FIRESAFE Il is presented in Figure 4.
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[ Tier 0 | [ Tier 1 | [ Tier 2 | [ Tier 3 | [ Tier 4 | [ Tier5 | [ Tier 6 | [ Tier 7

IGNITION FIRE GROWTH
I— DECK TYPE
|— DETECTION
|— FIRST RESPON
|— DECISION
|— EXTINCTION

|— CONTAINMENT
|— EVACUATION

Figure 4: Updated chain of events for FIRESAFE Il

As an illustration, the updated Main Fire Risk Model for the Standard RoPax Newbuilding (Open ro-ro spaces
part only) is shown in Figure 5. The three parts (Closed ro-ro spaces, Open ro-ro spaces, and Weather Deck)
are shown in the Annex Al1.2. The event tree for the Cargo RoPax and the Ferry RoPax are provided in
Annexes Al.1 and Al.3 respectively.

Altogether, the consolidated main fire risk model for the Standard RoPax consists of:

1 The main event tree;

T One #Afault Ighitoersky f or t he

1 Three fault trees for Detection (considering separately closed ro-ro spaces, open ro-ro spaces and
weather decks);

1 Four fault trees for Decision (focusing on decision following an early detection and decision following
a late detection, separating the closed and open ro-ro spaces fires where fixed detection systems
are available from the weather deck case);

1 Four fault trees for Suppression (considering the suppression of a fire in a closed ro-ro space
following an early decision and following a late decision, and the suppression of a fire in an open ro-
ro space taking into account the decision time);

1 Six fault trees for Containment (for the following cases: Suppressed fire in a closed ro-ro space,
Unsuppressed fire in a closed ro-ro space, Suppressed fire in an open ro-ro spaces, Unsuppressed
fire in an open ro-ro space, Suppressed fire in a weather deck, Unsuppressed fire in a weather deck)

9 Six sub-risk models for Evacuation (uncontained suppressed fire and uncontained unsuppressed
fire for fires in a closed ro-ro space, in an open ro-ro space, and on a weather deck).

The fault trees were adapted to each generic ship (Cargo RoPax, Standard RoPax and Ferry RoPax) and
potential differences between Newbuildings and Existing ships were taken into account. The structure of the
trees remained identical but the quantifications differed.
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Figure 5: Updated Main Fire Risk Model for the Standard RoPax Newbuildings (Open ro-ro spaces part)
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8.3.1 Review of the nodes

8.3.1.1 Ignition

The Ignition node is extensively elaborated in the FIRESAFE report (EMSA, 2016). The initial accident
frequency was updated based on the findings described in the first part of FIRESAFE Il (EMSA, 2018). The
frequency of fires in ro-ro space was estimated to 5.28E-03 fires in ro-ro spaces per shipyear. However, the
apportionment of fire causes was kept identical to FIRESAFE.

8.3.1.2 Deck type

The Closed ro-ro spaces / Open ro-ro spaces / Weather Deck proportion varies according to the specific
design of the ships. As in FIRESAFE, it was assumed that the risk of ignition is evenly distributed on the
different decks, i.e. the probability of fire ignition on a given deck configuration is considered to be
proportional to the size of the deck. This is correlated to the amount of cargo transported on that deck and
also to the amount of equipment.

8.3.1.3 Detection

The Detection node was investigated in detail in a dedicated part of FIRESAFE Il (EMSA, 2018). The findings
from this part were used to quantify the event tree.

The new concept introduced for Early/Late detection is related to whether it is possible to successfully

perform first response and extinguish the fire inits initial stage. The cr i t er i on fwasdefinEdar | y o
as that the Available Time for Safe First Response (the time available until conditions become untenable

around the fire, disallowing first response) is longer than the Required Time for Safe First Response (the

time to detect the fire and to set up actions for first response). Otherwise, the detection was considered to

be too late to be able to extinguish the fire at its initial stage (for example with a hand-held fire extinguisher),

based on that this cannot be done safely.

8.3.1.4 Firstresponse

As first response was out of the scope of this study, the figure found in FIRESAFE for First response failure
(following an Early detection) was kept and no specific fault tree was developed. By definition, first response
failure after a Late detection was set to 100%.

8.3.1.5 Decision

The Decision node was investigated in detail in a dedicated part of FIRESAFE Il (EMSA, 2018). The findings
from this part were used to quantify the event tree.

AEarl yo and fALated decision shfoiule drowindersteo.odiEar Ir
Decision to activate the system has been taken early
means that the fire is already quite developed, and that it is too late to have a chance to extinguish it.

However, the fire will still be suppressed upon system activation.

8.3.1.6 Extinguishment

The Extinguishment node was investigated in detail in the first FIRESAFE study (EMSA, 2016). As the focus
of FIRESAFE was on the failure of the fixed fire extinguishing system, the branch Weather Deck was
collapsed.

In FIRESAFE II, the findings from FIRESAFE were used to quantify the Closed ro-ro space and Open ro-ro
spaces branches of the event tree. Failure of fire extinguishment on weather deck was set to 70% following
an Early Decision (finding from FIRESAFE) and to 90% following a Late Decision.
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8.3.1.7 Containment

The Containment node was investigated in detail in a dedicated part of FIRESAFE Il (EMSA, 2018). The
findings from this part were used to quantify the event tree.

The expression ffire containmentowas defined as avoidance of fire and smoke propagation impeding a safe
stay on board. If fire or smoke spreads to other parts of the ship than the originating ro-ro space of the fire,
the fire was thus considered uncontained. With regard to fire spread, both flame spread (e.g. through
openings) and heat spread causing fire in adjacent areas were considered. Various potential failures were
considered for each of these main nodes, but for weather deck a simplified fault tree was used including only
the main nodes. With regard to smoke spread, both internal and external smoke spread were considered
and elaborated, with focus on the potential for internal smoke spread. External smoke spread for example
includes external spread to the accommodation or engine room air intakes.

The success or failure of containment affects whether evacuation is necessary. In case of fire containment,
no evacuation was assumed to be necessary, while in case of failure of fire containment, evacuation was
assumed necessary.

8.3.1.8 Evacuation
The Evacuation node was investigated in detail in a dedicated part of FIRESAFE Il (EMSA, 2018).

Evacuation failure was defined as an event during which at least one LSA is rendered inoperable due to fire
or other modes of failure not related to fire. The latter includes failure due to adverse weather conditions,
technical failure, and operational failure. These are hetureef ort|
of the evacuationa An event tree related to evacuation of RoPax ships developed by (Vanem & Skjong,
2004) was adapted to take into account both evacuation impeded by fire and intrinsic failure of evacuation.

8.3.1.9 Consequences

The findings of FIRESAFE (EMSA, 2016) were kept to populate the consequence part of the risk model.
While the variety of outcomes was recognized, an average value for the number of fatalities is sufficient to
calculate a PLL.

A fatality rate of 8% of the Persons On Board was hence used to calculate the average fatalities following
the scenario: fire on vehicle deck / escalation / unsuccessful evacuation. When evacuation is successful, a
1 equivalent fatality fixed value was assigned to take into account the frequent injuries and possible indirect
fatalities following such evacuation. No fatalities were considered in the other cases.

Consequences for property (cargo and ship) were also discussed in FIRESAFE and the same values were
assumed in FIRESAFE II. The consequences following a fire put out by the crew (manual first response)
was considered identical as a fire detected early and put out by means of the drencher system.
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8.5 Risk quantification

Based on the consolidated main fire risk model described above, the Potential Loss of Life were compiled
for the three vessel categories (Newbuildings and Existing ships), as presented in Figure 6.

4.00E-02 —
m Newbuildings

3.50B-02 & Eyisting ships
3.00E-02

2.50E-02

2.00E-02

1.50E-02

1.00E-02

5.00E-03 .
0.00E+00

Cargo RoPax Standard RoPax Ferry RoPax

Potential Loss of Life
(fatalities per shipyear)

Ship Category

Figure 6: Potential Loss of Life (PLL) for the three generic ships considered

In comparison with the PLL derived from historical data, the PLL figures derived from the event risk model
are lower. Although the consequence part of the main fire risk model was developed to be representative of
the average consequences of accidents, it should be noted that a single accident leading to a high number
of fatalities within a limited period in time may skew the estimated historical societal risk. This may create a
difference between the estimated historical societal risk and the risk estimated with the risk model.

It should be noted that the PLL of the Cargo RoPax is much lower than the PLL of the Standard RoPax and
Ferry RoPax, mainly due to the low passenger capacity of the Cargo RoPax. A low difference between the
PLLs for Newbuildings and Existing ships was found, mainly due to the fact that the only difference
considered in this study is the non-addressability of the detection systems on Existing ships.

In addition to the risk to human life, the risks to the property (cargo and ship) were considered. The Potential
Loss of Cargo and Potential Loss of Ship were estimated and are presented in Figure 7. Similar to the first
FIRESAFE study, no differences in ship damages were considered between Existing ships and
Newbuildings.
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Figure 7: Potential Loss of Cargo (PLC) and Potential Loss of Ship (PLS) for the three generic ships
considered
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9 RISK CONTROL OPTIONS

9.1 RCOs investigated in FIRESAFE and FIRESAFE I

An overview of the various RCOs that were investigated in FIRESAFE and FIRESAFE Il is provided below:

1 EI Robust connection boxes

1 EI2 Only ship cables

1 EI3 IR camera

1 EH4 Training for awareness

1 EI5 Only crew connections

1 EI6 Cable reeling drums

1 Detl Combined heat & smoke

1 Det2 Ban/ closure of side (PS & SB) openings (open ro-ro spaces)
1 Det3 Increased frequency fire patrols

1 Decl Alarm System Design & Integration

1 Dec2 Improved markings/signage for wayfinding and localization
9 Dec3 Preconditions for Early Activation of Drencher System
T Sul Remote control

T Su3 Rolling shutters (PS & SB side) (Open ro-ro spaces)
1 Su4 Efficient activation routines

T Sub5 Fresh water activation/flushing

T Su6 CCTV

T Su7 CCTV + Remote control

1 Contl Ban/closure of side & end openings

1 Cont2 Fire monitors on weather deck

i Evacl Safe distance

9.1.1 Description

Short descriptions of the RCOs are provided in the following paragraphs. For more detailed descriptions,
interested readers may refer to FIRESAFE (EMSA, 2016), FIRESAFE Il Part 1 (EMSA, 2018) and FIRESAFE
Il Part 2 (EMSA, 2018).

9.1.1.1 Robust connection boxes

This RCO focused on the protection of the connection boxes. Some or all of the features suggested in this
RCO may already be in place on a specific ship depending on flag, class and age. The impact of upgrading,
installing and maintaining the connection boxes in line with the requirements below could become a uniform
IMO standard. The features for the robust connection boxes are:

Earth fault breakers to be installed;

Increased maintenance of the connection boxes;
IP-class (e.g. IP56);

Individual circuit breakers;

Individual and interlocked switches; and
Secured cables.

=A =4 -4 -8 -8 A

9.1.1.2 Only ship cables

The purpose of this RCO was to avoid unknown cables being connected to the ship with possible increased
risk of short circuit in cables and adapters, higher risk of overheated cables due to wrong size and higher
risk of sparks from possible damaged cables. Routines for maintenance and exchange of cables were to be
further developed (cables shall be treated as consumables).
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9.1.1.3 IR camera

This RCO proposed that portable thermographic cameras were to be used for screening during fire rounds
or upon suspicion to detect hot areas and overheated electrical equipment as many of the fires caused by
an electrical problem starts with overheating. Such cameras could also be useful to detect mechanically
overheated equipment which also could start a fire. The cameras were to be dedicated to the ro-ro space
personnel (no sharing).

9.1.1.4 Training for awareness

This RCO dealt with knowledge and training. All crew involved in cargo operations were to be made aware
of the hazards of substandard installations and other possible electrical fire hazards of the cargo. This were
to be part of a training program that should be included in familiarization and ongoing training processes.
Routines for reviewing units and performance of directed inspections were to be included as well as routines
about how to handle the risk.

9.1.1.5 Only crew connections

The RCO proposed to only allow trained crew to connect and disconnect cables. A training program were to
be developed which should include training and routines for control of, care for and maintenance of cables.
The crew were to be trained to identify faulty and risky connections and how to managing connections. Issues
that should be covered include avoiding long cables and cable routing. Electricians and dedicated crew to
do maintenance and keep equipment ship shape.

9.1.1.6 Cablereeling drums

This RCO focused on protecting cables and facilitating their handling through the installation of cable reeling
drums. These were to be placed in appropriate locations in the ceiling of the ro-ro-space. The cable is rolled
out when needed and (automatically) rolled in when disconnected.

9.1.1.7 Combined smoke and heat detection

This RCO proposed that conventional integrated point smoke and heat detection system (i.e. detector is a
conventional point smoke detector with an extra temperature sensor) were to be installed in ro-ro spaces.
The same coverage as the one required for the smoke detectors in the FSS code were considered.

9.1.1.8 Ban/closure of side (PS&SB) openings (open ro-ro spaces)

This risk control option consists in forbidding the design of RoPax with open ro-ro spaces and closing the
existing side openings of the open ro-ro spaces for Existing ships. For Newbuildings, the design of RoPax
without open spaces shall be designed according to the regulations. No additional safety improvement is
investigated in the context of this RCO. For Existing ships, the side openings shall be closed with steel plates.
The fine wo-rocspacesskallicomply with the regulations applicable to closed ro-ro spaces.

9.1.1.9 Increased frequency of fire patrols

This RCO implied increasing the frequency of fire patrols from every 60 minutes to every 30 minutes. No
change in the quality of the fire patrol is investigated.

9.1.1.10 Alarm System Design & Integration

This RCO considered an alarm system that fully supports fire incident decision-making, as well as other
resources on the bridge relevant for fire-related decision-making designed to provide immediate, precise and
accessible information to support the localisation of a fire.
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9.1.1.11 Improved markings/signage for wayfinding and localization

This RCO investigated the impact of improved signage and markings in the ro-ro space supporting
wayfinding and orientation in case of fire. They were to be designed for easy identification and interpretation
by a variety of users representing normal individual variations.

9.1.1.12 Preconditions for Early Activation of Drencher System

This RCO consisted in the inclusion of the early activation of the drencher system in fire management
procedures while also ensuring that a large portion of the crew has the knowledge and mandate for drencher
activation, without fear of negative consequences for the individual crewmember.

9.1.1.13 Remote control

This RCO investigated a remote control of drencher system from the bridge or the ECR or the safety centre.
A runner were still to be sent to the drencher station upon fire alarm even if remote control is installed.

9.1.1.14 Rolling shutters (PS & SB side) (Open ro-ro spaces)

This RCO consisted in the installation of remotely controlled rolling shutters (A-O fire rated) on the side
openings of open ro-ro spaces to reduce the impact of wing on the ability of the drencher systems ability to
put out a fire.

9.1.1.15 Efficient activation routines

This RCO investigated improved and more efficient routines for activation of the drencher system This RCO
resulted in an increase of the crew understanding and knowledge about the drencher system and of possible
fire development in ro-ro-spaces to increase the probability that the crew discovers possible faults even
before a real fire starts and improve the capability of the crew to handle and quickly solve unexpected
problems during a fire. Simple and clear communication procedures were to be developed.

9.1.1.16 Fresh water activation/flushing

This RCO consisted of use of fresh water (or possibly distilled water) during testing and an increase of deluge
system flushing frequency (from one to two times in a five-year period). The amount of available fresh water
needs to be sufficient to allow activation of the drencher system with full working pressure. It was also
assumed that in a real fire sea water will be used.

9.1.1.17 CCTV

This RCO considered the use of CCTV camera to have fire confirmation when a fire alarm is received. The
cameras should be placed in a pattern to cover the most of a space with at least one camera per section.
The camera covering the detector that gives fire alarm should be automatically displayed on the screen with
information on which drencher section.

9.1.1.18 CCTV + Remote control

This RCO combined the previously described RCOs CCTV and Remote Control to allow quicker confirmation
of the fire in addition to the quicker release of the drencher. The normal procedure to send a runner to the
site were still to be maintained.

9.1.1.19 Ban/closure of side & end openings

This risk control measure implies to forbid open ro-ro spaces on new ships and to reduce openings (including
aft openings) in general as far as practicable. Openings in the sides of the ship were in this RCO assumed
to be welded shut on existing ships and omitted on newbuildings, making the spaces permanently enclosed.
The fire integrity of the covered openings should achieve the same requirements as the rest of the division,
which towards external areas or open deck generally is A-0, in accordance with SOLAS 11-2/9.
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9.1.1.20 Fire monitors on weather deck

This RCO implied that weather deck on ro-ro passenger ships were to be provided fixed fire monitors for the
purpose of containing a fire in the space/area of origin. All systems are chosen so that existing drencher
pumps and sea chests can be used for water supply. The chosen system has possibility for remote control.

9.1.1.21 Safe distance

The purpose of this RCO was to ensure safe evacuation on RoPax ships. The RCO prescribed a design
with:

1 A [13 m] safety distance between LSA embarkation stations and weather deck/ro-ro space aft
openings;

1 An[8 m] safety distance between stowed LSAs (including survival craft, not embarked onboard) and
weather deck/ro-ro space aft openings; and

1 No LSAs or embarkation station within the full vertical range 6 m forward and aft of a side opening
larger than 0.01 m2.

9.1.2 Summary of results of FIRESAFE and FIRESAFE I

The above guantifications of the selected containment RCOs were integrated into the consolidated main fire
risk model, from which effects on the total risk could be calculated. The relative risk reductions of the RCOs
for each of the generic ships are presented in Figure 8 for Newbuildings and in Figure 9 for Existing ships.
The results are presented in terms of relative risk reductions to standardize the impact (reduction) of the
RCO on the PLL, which is different for the three generic ships, for example depending on their varying
passenger capacities.

9.1.2.1 Newhbuildings

Three RCOs exceed 15% relative risk reduction. All these RCOs are related to Containment or Evacuation.
On the Cargo RoPax and Standard RoPax, the RCO with the highest risk reduction potential is Fire monitors
on weather deck with a relative risk reduction of approximately 42% and 23% respectively. This can be
explained by the relatively important size of the weather decks, which are relatively unprotected. For the
Standard RoPax, an RCO providing an almost as high impact is the RCO Ban / Closure of all side openings,
with a relative risk reduction of 17%. On the Ferry RoPax, the RCO with the highest risk reduction is the
RCO Safe distance.

Three RCOs provide risk reduction above 10% (but below 15%). These are Robust Connection Boxes,
Training for Awareness and Precondition for early activation of the drencher system (except for Cargo
RoPax).

It should be noted that the relative risk reductions presented and discussed above only take into account the
effects of the RCOs on their respective nodes in the main fire risk model event tree. However, any effects
that the RCOs could have directly on the other main branches of the main fire risk model event tree were
disregarded in FIRESAFE and the first parts of FIRESAFE II. It is the intent of this Combined Assessment
to consider these interactions.
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Figure 8: Relative risk reduction of all investigated RCOs in FIRESAFE and FIRESAFE Il on Newbuildings (only
impact on their respective node is accounted for)

For all evaluated RCOs, the GCAF Factors calculated in FIRESAFE and Parts 1 and 2 of FIRESAFE Il (i.e.
only taking into account impact on their respective node) are summarised in Table 7.
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Table 7: GCAF Factor of all investigated RCOs in FIRESAFE and FIRESAFE Il on Newbuildings (only impact on
their respective node is accounted for)

Newbuildings
Cargo |Standard | Ferry
RCO # | Description RoPax RoPax RoPax
Ell Robust connection boxes 0.08 0.04 0.03
El 2 Only ship cables 1.49 0.49 0.32
El3 IR camera 0.19 0.06 0.04
El 4 Training for awareness 0.02 0.01 0.00
El 5 Only crew connections 0.02 0.01 0.00
El 6 Cable reeling drums 5.07 3.88 2.55
Detl | Combined heat & smoke detection 3.66 0.53 0.28
Det2 | Ban/ closure of side (PS & SB) openings (open ro-ro spaces) | N/A 210.36 N/A
Det3 | Increased frequency of fire patrols 10.80 2.49 3.12
Decl |Alarm system design & integration 0.40 0.05 0.03
Dec2 | Improved markings for wayfinding and localisation 0.12 0.02 0.01
Dec3 | Preconditions for early activation of drencher system 1.48 0.26 0.15
Sul Remote control 4.34 0.44 0.24
Su 3 Rolling shutters N/A 13.55 N/A
Su 4 Efficient activation routines 0.00 0.00 0.00
Sub Fresh water activation/flushing 0.17 0.02 0.01
Su6 CCTV 11.27 1.00 0.62
Su?7 CCTV + Remote control 5.94 0.60 0.32
Contl SBsgézls)sure of side & end openings (closed and open ro-ro 243 3.30 1.99
Cont2 | Fire monitors on weather deck 0.13 0.07 0.04
Evacla | Safe distance / Closing all significant openings 35.34 2.59 0.46
Evaclb | Safe distance / Closing all side openings N/A 3.60 N/A
Evaclc | Safe distance / Closing openings near LSAs N/A 0.00 N/A
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9.1.2.2 Existing ships

The same elements are provided for Existing ships in Figure 9 and Table 8.
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Figure 9: Relative risk reduction of all investigated RCOs in FIRESAFE and FIRESAFE Il on Existing ships (only
impact on their respective node is accounted for)
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Table 8: GCAF Factor of all investigated RCOs in FIRESAFE and FIRESAFE Il on Existing ships (only impact
on their respective node is accounted for)

Existing ships

Cargo |Standard | Ferry
RCO # | Description RoPax RoPax RoPax
Ell Robust connection boxes 0.13 0.08 0.06
El 2 Only ship cables 2.05 0.70 0.46
El3 IR camera 0.27 0.08 0.05
El 4 Training for awareness 0.04 0.01 0.01
El5 Only crew connections 0.04 0.01 0.01
El 6 Cable reeling drums 8.09 6.16 4.04
Detl | Combined heat & smoke detection 59.17 9.11 1.67
Det2 | Ban/ closure of side (PS & SB) openings (open ro-ro spaces) | N/A 315.23 N/A
Det3 | Increased frequency of fire patrols 14.26 3.26 4.06
Decl |Alarm system design & integration 5.02 0.67 0.13
Dec2 | Improved markings for wayfinding and localisation 0.24 0.04 0.02
Dec3 | Preconditions for early activation of drencher system 1.98 0.35 0.20
Sul Remote control 9.69 0.97 0.53
Su 3 Rolling shutters N/A 34.30 N/A
Su 4 Efficient activation routines 0.01 0.00 0.00
Su5 | Fresh water activation/flushing 0.66 0.07 0.04
Su6 CCTV 2341 2.07 1.28
Su7 CCTV + Remote control 12.92 1.31 0.70
Contl SBsgézls)sure of side & end openings (closed and open ro-ro 456 531 76.77
Cont2 | Fire monitors on weather deck 0.34 0.18 0.11
Evacla | Safe distance / Closing all significant openings 65.80 413 17.58
Evaclb | Safe distance / Closing all side openings N/A 5.46 N/A
Evaclc | Safe distance / Closing openings near LSAs N/A 0.04 N/A

9.2 Additional Impacts of the RCOs

The relative risk reductions and cost efficiency of the RCOs described above only take into account the
effects of the RCOs on the respective main nodes (fault trees) of the main fire risk model for which they were
identified.

A workshop gathering some of the experts involved in FIRESAFE and the two first parts of FIRESAFE Il was
held to identify and quantify the effects of RCOs on other parts of the main fire risk model.

Several RCOs were considered to affect other parts of the risk model (at different stages of a fire
development) than that for which they were identified. Not all of the RCOs were considered applicable for
the three generic ships. In particular, all the risk control options focusing on the ban or closure of openings
for open ro-ro spaces (namely Det2: Ban / closure of side (PS & SB) openings (open ro-ro spaces) and Su3:
Rolling shutters) were only applicable for the selected Standard RoPax ship. The RCO Safe distance was
not relevant for the Cargo RoPax ship.
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Table 9: Impact of the RCOs on the different nodes of the consolidated main fire risk model - Grey: RCO
investigated within the considered node: Light grey: additional impact

Nodes
RCO# RCO 1s*R.| Dec | Ext | Cont | Evac
Ell Robust connection boxes
El2 Only ship cables
EI3 IR camera
El4 Training for awareness
EI5 Only crew connections
El6 Cable reeling drums
Detl Combined heat & smoke and alarm integration
system
Det2 Ban / closure of side (PS & SB) openings (open ro-
ro spaces)
Det3 | Increased frequency fire patrols
Decl | Alarm System Design & Integration
Improved markings/signage for wayfinding and
Dec2 o
localisation
Preconditions for Early Activation of Drencher
Dec3
System
Sul | Remote control
Su 3 | Rolling shutters (PS & SB side) (Open ro-ro spaces)
Su 4 | Efficient activation routines
Su 5 | Fresh water activation/flushing
Su6 |CCTV
Su7 |CCTV + Remote control
Contl Ban/closure of side & end openings (closed and
open ro-ro spaces)
Cont2 | Fire monitors on weather deck
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