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—c EXECUTIVE SUMMARY

1 Summary

The Fremantle Traffic Bridge was constructed in 1938 and carries Queen Victoria Street from
Stirling Highway over the Swan River upstream of Fremantle harbour. The bridge forms one
of the important arteries in Perth’s road system supporting an average of 30,100 vehicles per
day among other utility services such as water, gas, electricity, fuel oil and telecommunication
links. The river beneath is used by river traffic for accessing the ocean or returning from the

port. Vessels that pass through the bridge range from small privately owned yachts to
passenger ferries up to 370 tonnes.

This report assesses the risk of two proposed design options for the Fremantle Traffic Bridge.
5 tﬁ > The design options identified in a previous study of the bridge as risk reduction measures [1]
- are as follows:

i ¢ Design option 1 (DO1): Addition of Dolphin and Fender Strengthening
e Design option 2 (DO2): Widening of the Navigation Span

The design options are aimed at reducing the risk of bridge structural failure from boat
collision. Table 1.1 shows advantages and disadvantages offered by each proposed option.
The risk analysis reached the following conclusions:

e  Both design options conform to the accepted criteria set by Austroads and the US
_ Department of Transportation.
®  Design option 1 - the addition of dolphins to the piers will increase the likelihood of
) collision as a result of movement restrictions during passage, especially on entry and
exit. The narrow middle span, with maximum clearance and favoured by most skippers
due to varying tidal heights, will become more hazardous as the manoeuvring distance
between the Traffic and Railway bridges is reduced.
P~ e By inspection, although not quantified, alignment of the rail and traffic bridges will
o <J reduce the risks associated with manoeuvring vessels through this area.
e The overall cumulative frequency of collision resultmg in a fatality for design option 1
is 5.5 x 10”7 pa and for design option 2 is 1.0 x 107 pa.
e  The current cumulative frequency of glancing collisions with the navigational spans is
1.6 x 10'4 pa. The overall cumulative frequency ofa glancmg collision DO 1 is
2.7 x 10 pa, an increase of 72% and for DO 2 is 4.1 x 10 pa, a reduction of 74%.
e  From structural analyses vessel sizes of greater than 155 tonnes will cause structural
failure of the bridge on collision with the non navigation spans at 4 knots or greater.
e From structural analyses vessel sizes of greater than 45 tonnes will cause structural
failure of the bridge on collision with the non navigation spans at 10 knots or greater.
e  The risks to the public resulting from design option 1 are tolerable / negllglbie when
compared to risk criteria for industrial sites (Figure 1.1).
e  The risks to the public resulting from design option 2 are negligible when compared to
risk criteria used for industrial sites (Figure 1.1). Risk criterion for public areas may
generally be considered stricter than those presented for industrial developments.
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Figure 1.1 Suggested Societal Risk Criteria for Kwinana
{Industrial Developments Only)
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EXECUTIVE SUMMARY

Table 1.1 Risk Related Advantages and Disadvantages of Design Options

Approach | +ve | Protect timber structure from possible Presents a less hazardous approach to and
to the vessel collision through the bridge, as the spans are
bridge Control the tidal flows through the bridge | 34.75m wide. Approx 3 times the width
better. of the widest boat.
The jetty on approach from downstream
will not cause unnecessary manoeuvring
of vessels due fo better bridge alignment.
From -ve Placement of the jetty on approach from None identified
up/down downstream causes unnecessary
river manoeuvring of vessels as they require
approx. 100 metres of approach way.
Liningup | +ve | None identified Due to the extra width, winds and
with the . currents moving the boat will not force
bridge skippers into sudden movements.
-ve The piers are extended by an additional None identified
5.5m on each side of the bridge,
highlighting the fact of maintaining a
good line for safe passage.
Vessels stopping at the East Street Jetty
prior to the bridge, will need to make
more movements to navigate the bridge
after setting passengers down.
Travelling | +ve | The fenders are strengthened to protect Structure is protected from collision The
through the the structure from collisions. boats have a greater amount of width
bridge, clearance through the bridges, thus
(currents, redncing fender damage and chance of
wind) structure collision.
-ve The length of piers are increased insome | Currently skippers navigate through the
case by an additional 11m. This will lead | middle span during high tides. The
to regular glancing of fenders and removal of this guide will result in the
increased maintenance costs. need to be more aware of tide levels when
There is a greater possibility of causing navigating the Bridge.
damage to vessels on the River.
Alignment | +ve | Structure is protected from collision Structure is protected from collision
on exit A line can be taken to avoid sharp turns
during bridge passage.
The wider span allows a less hazardous
line to be taken on passage through both
the Traffic and Railway Bridge.
- ve From upstream passages the dog legtumn | None identified
on the middle span is expected to
significantly impair vessels navigating
both bridges.
A considerable increase in bridge
collision is expected to occur due to the
reduced distance, tidal currents and wind
conditions the vessels must navigate
caused by the addition of dolphins.

WACLIENTS\MAIN ROADS WAMRWON1PUSSUED\REVI\REPORT1.DOC

Page 3




EXECUTIVE SUMMARY

During the course of the risk assessment, vessel operators and Port Authority personnel were
contacted for information. In discussions about the Fremantle Bridge, various suggestions
were volunteered on how the bridge could be made inherently safer.

The suggestions were as follows:

* Addition of markers hanging from span entrances and exits to allow skippers to line up
vessels properly.

* Addition of tide height markers on the bridges prior to the Fremantle Traffic Bridge. This
allows skippers to get an accurate understanding of current tide heights rather than rely on
Fremantle Port Authority.

¢ It was highlighted by various skippers that a significant number of private boat owners did
not understand the rules of navigation, often causing frustration and extra hazards for
other boat users. Perhaps a greater navigation awareness campaign could benefit all Swan
River users.

* In order to reduce damage to boats and fendering, the addition of impact absorbing
fenders was suggested.

* Addition of guiding piles to ensure vessels do not ever hit non navigation spans, and also
guide vessels though the navigation channels.

* Ensure alignment of the Traffic and Railway Bridge if design option 2 is implemented.
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INTRODUCTION

2 Fremantle Bridge Background

The Fremantle Traffic Bridge was constructed in 1938 and carries Queen Victoria Street from

Stirling Highway over the Swan River upstream of Fremantle harbour. The bridge is one of

the important arteries in Perth’s road system supporting an average of 30,100 vehicles per day

among other utility services, such as water, gas, electricity, fuel oil and telecommunication

links. The river beneath is used by river traffic for accessing the ocean or returning from the

port. Vessels that use the bridge range from small privately owned yachts to passenger ferries

up to 370 tonnes. The bridge is predominantly made of timber, although the three navigational

spans are steel beam with timber decking. A considerable amount of maintenance work has

been carried out in the last twenty years to repair collision damage and maintain
serviceability. ( )

QEST Consulting Engineers have been commissiored by Main Roads West Australia
(MRWA) to assess the risk of two separate design options on the Fremantle Traffic Bridge.
The design options identified in a previous study of the bridge as risk reduction measures [1]
are as follows:

¢ Addition of Dolphin and Fender Strengthening
e Widening of the Navigation Span

The design options are aimed at reducing the risk of bridge structural failure from boat
collision. The current arrangement of the Fremantle Traffic Bridge is shown in Figure 2.1.

Figure 2.1 Current Arrangement of Fremantle Traffic Bridge

River .
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INTRODUCTION

2.1 Option 1 - Dolphin and Fender Strengthening

From the previous study completed on the bridge concerns were raised about the strength of

the navigation span piers and protection provided by existing fenders if a head-on vessel
collision oceurred. The addition of dolphins and fender strengthening will be designed to
provide ample protection for such a case. The piers to receive strengthening are detailed
below in Table 2.1 and shown in Figure 2.2. Design general arrangement drawings can be

seen in Appendix 1.

Table 2.1 Dolphin and Fender Strengthening

Located on the South of river West side only
15 Separates the up and down river traffic East and West sides
16 Separates two lanes of down river traffic Fast side only
17 Located on the North of river Concrete pier is deemed strong enough to

withstand a head on impact

However with the addition of dolphins, passage through the navigation channel is extended by
5.5 metres either side of some piers. This increases the chance of glancing a fender on
passage under the bridge and imposes greater restrictions on boat alignment with the Railway

Bridge.

Figure 2.2 Design Option 1 for Fremantle Traffic Bridge
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INTRODUCTION

2.2 Option 2 - Widening of the Navigation Span

Currently the River traffic under the bridge operates as follows, vessels travelling down river
pass through the navigation spans 15-16 and 16-17 depending on sea conditions (tide heights,
current and wind). Traffic from Fremantle port into Perth passes through navigation span 14-
15. Design option 2, widening the navigation spans, involves the removal of piers 13-18 and
the installation of three new piers allowing wider spans. This would reduce the risk of boats
colliding with the bridge, as the navigation spans would be considerably wider. The
navigational line between the Railway Bridge and Fremantle Bridge would become
significantly straighter. Design general arrangement drawings can be seen in Appendix 1.

Figure 2.3 Design Option 2 for Fremantle Traffic Bridge

v

2.3 Study Objectives

The scope of the study is to identify the risk posed to the public from collision of various
vessel sizes using the proposed design options of fendering and dolphin protection (DO1) and
widening the navigation spans (DO2) for the Fremantle Bridge.

The principal objectives were as follows:

Identify major hazards posed to the bridge in terms of structural integrity
Calculate frequencies associated with each single scenario

Quantify the overall risk levels for each scenario

Examine the effectiveness of each design option

Recommend any further risk mitigation measures

o @ 6 o o
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APPROACH

3 Methodology

3.1 Description

Previous studies and port records were analysed to determine the types of incidents that have
occurred in the Fremantle Port, the Swan River and similar ports. The methodology
employed in this risk assessment is summarised below,

Identify the hazard
L Assess the consequences Calculate the frequency

- Conduct the risk analysis

Complete the risk assessment

Compare the results to chosen criteria

Is the risk level acceptable? —» Yes - No action
'L required

No - Risk Mitigation

v

- Discuss effectiveness of each design option
In order to identify hazards affecting the bridge the major causes were reviewed

* Movement of ships and other river craft in the vicinity of the bridge

Road vehicle movements, particularly the transportation of flammables on the bridge
: ¢ The transport of flammable liquids via pipelines located on the bridge, and the

% management systems in use to maintain the integrity of these.
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APPROACH

Based on scenarios defined by MRWA and past reviews, a number of credible scenarios were
developed for further investigation. The consequences associated with a variety of vessel
collision scenarios were evaluated. Vessels were categorised into six groups representing
vessels operating on the river previously and in the future. Sizes range from 40 to 370 tonnes.

Details of the vessels can be seen in Table 3.1. Passenger capacities have been directly quoted
from operator records.

Table 3.1 Vessel Tonnages Used in Study

A% 370 Steel 800
V2 270 Aluminium 525
V3 190 Aluminjum 450
V4 155 Steel 400
A5} 115 Aluminium 284
Vé 45 Aluminium 199

For each vessel category the consequences from an impact on the vessels resulting from:

* a0 knot, head-on collision with the bridge piers or protection for the two design
options (navigational spans and dolphin protection and fendering); and

» a4 knot, glancing collision with the bridge piers or protection for both design options
and the non navigational spans.

As a result of the bridge and vessel structural analyses, the impact on the general public will
be established.

The frequency at which the identified scenarios occur will be established by determining the
number and size of vessels that pass under the bridge. Historical data for Bridge Traffic was
obtained from Main Roads WA, while marine vessel data was obtained directly from
operators and the Department of Transport. The data will be adjusted to altow for non-
alignment of the railway and traffic bridges and the reduced navigational passage resulting
from the location of the dolphins.

Jet and pool fire sizes, due to loss of containment of hazardous goods from pipelines, were
estimated using mathematical models and heat radiation existing around the fire calculated.

Methodology’s developed by Shell Research Thornton were used for pool and jet fires
respectively.
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APPROACH

3.2 Structural Analysis

It has been assumed that if either of the design options were constructed they would be strong
enough to take the loads imparted by ship collision. The structural analysis concentrated on
the impact that collisions will have on the vessels and the potential for loss of life or injury.
This was done by determining the bridge or fendering stiffness and for a particular collision
energy, the loads which will need to absorbed by the different vessels.

The structural analysis also undertook the modelling of the non-navigation spans of the bridge
in case of collision from a vessel, which has lost steerage or power. It is assumed as per the
brief that the vessel is being carried along by the tidal currents at a maximum speed of 4
knots. The structural analysis will concentrate on the collision energy required for span
support to be lost and determine the consequences of vessel impacts on Bridge Structure.

3.3 Risk Criteria

The results of the assessment will be compared to the following risk criteria.
3.3.1 Austroads Bridge Design Code Criteria

In section 1 of the design code, limits are set for “serviceability” and “ultimate” loads. The
ultimate limit state can lead to a catastrophic failure which could endanger the lives of
workman and the public, while the serviceability limit state would occur due to local yielding
and deflection of structural elements [2].

The recurrence interval for the serviceability limit state is set at 1 in 20 years and at 1 in 2000
years for the ultimate limit state.

3.3.2 Criteria of the US Department of Transportation

The US Department of transportation set acceptance criteria for the total bridge based upon
whether the bridge is regarded as ‘critical’ or ‘regular’. For bridges that are critical to
operations, the acceptable annual frequency of collapse must be less than, or equal, to 0.01 in
100 years. For bridges that are considered regular and non critical to operations, the
acceptable annual frequency of collapse must be less than, or equal, to 0.1 in 100 years. [1]
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3.3.3 Criteria of the Health and Safety Executive (UK)

The Health and Safety Executive (HSE) sets bridge design codes in the UK. They appear in
the British Standard BS 5400. This states conservatively that bridge design life should be at
least 120 years.

3.3.4 Western Australia Acceptance Criteria

There are no documented acceptance criteria in WA for a construction of this nature.

3.4 Hazard Identification

In previous marine studies the major hazard identified is a head-on vessel collision with an
object (eg another vessel, jetty or bridge). However when considering causes of collision by
vessels these have been found to be most predominant factors:

o Human error
Mechanical failure
Adverse Environmental Conditions

L 4

It should be noted that human error and adverse environmental conditions are the main cause
of accidents. In terms of the Fremantle Bridge, its location (the position of the sharp dogleg
turn to the railway bridge) and climate (winds and tide), human error is potentially the
greatest cause of collision. Nearly all skippers talked to during the course of the study
supported this.

Design options 1 and 2 both reduce the hazard associated with head on vessel collision in
different ways. Option 1 protects the bridge navigation piers by addition of dolphins and
strengthened fenders. However the risk of non navigation span collision remains the same.
Option 2 provides three new strengthened piers with considerably wider navigation spans.
The associated risk of non navigation span collision is reduced due to removal of half the
piers in danger. Hazard probabilities are quantified in Appendix 2. Table 5.1 highlights some
of the advantages and disadvantages of each design option.

3.4.1 Fire Hazards

Hazard identification for fire scenarios involving hazardous goods was limited to goods
transported across the bridge by pipeline. Vehicle accidents involving hazardous goods
transportation vehicles were not considered further as the risks associated were negligible
when compared to those involving the pipeline.

WACLIENTS\MAIN ROADS WAWMRWO001PUSSUED\REVI\REPORT1.DOC
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APPROACH

The pipeline was considered to be at risk from corrosion, erosion, faulty design, impact by
object, sabotage and structural failure of bridge. However the largest contributing event to the
overall risk for the pipeline is structural failure of bridge from vessel collision. Failure of the
structure will lead to pipeline rupture with potential of a pool and/or jet fire impinging on the
bridge, bridge traffic and river traffic.

3.4.2 Utility Descriptions on the Bridge

A number of utility services (other than vehicular and pedestrian traffic) utilise the bridge
structure to cross the Swan River. These are as follows;

Natural Gas Pipeline
An 8” steel pressure pipeline carrying gas runs alongside the downstream side of the bridge
and is operated by Alinta gas. Manual isolation valves exist on both sides of the river and an

expansion joint is fitted approximately halfway across the bridge.

In the event of a pipeline rupture, it is estimated that it may take up to 2 hours to isolate the
line after detection.

Liquid Hydrocarbon Lines

BP oil operate 4 lines across the bridge, one 8” and two 12” lines carrying heavy fuel oil to
East Fremantle refinery. The pipelines are used to fuel ships and there is no alternative form
of supply. The oil is pumped across at high pressure (850 kPa). They also operate a 6”
pipeline carrying white oil (kerosene, processed hydrocarbon product). All pipelines are
located on the downstream side of the bridge.

Electrical

Western Power have a 66KV oil filled line and 2 pilots on the upstream side of the bridge.

Other Services

Water Corporation operates a 24” watermain on the upstream side of the bridge, while Telstra
have cables on the downstream side of the bridge, which must not be interrupted.

WACLIENTS\MAIN ROADS WAMRWOOIPUSSUED\REVI\REPORT1.DOC
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APPROACH

3.4.3 Bridge Structure

The Fremantle Bridge was constructed in 1938 of timber in 6m spans with the exception of
three navigation spans, which are steel beams with timber decks. Proposed design option
- drawings can be seen in Appendix 1.

Major maintenance and strengthening work has been carried out in the last few decades as
listed below:

1970’s: reinforced concrete overlay placed on deck

1976/77: strengthening of navigation span pier fendering systems by driving new and

replacement piles, casting concrete nosings and stiffening with a horizontal steel truss.

1980: further strengthening of fender systems and a fail safe structure and tie system

! installed at the navigation span piers

s e 1990°s: all plles to the approach spans checked and repaired where necessaty timber half
caps at the piers replaced by steel beams

¥ 3.4.4 Vessel Speed Distribution

The consequence modelling for collisions has been conducted for two speeds for both design
s options as specified by Main Roads WA. These are as follows:
* 4 knots, approximating the current speed under the bridge; and

* 10 knots, the estimated maximum speed a vessel, under normal operation would travel
under the bridge

The consequences of the analyses can be seen in the event trees in Appendix 2.
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APPROACH

3.5 Frequency Analysis

3.5.1 Vessels operating on the Swan River

The analysis was conducted over 6 vessel sizes ranging from 40 to 370 tonnes. Frequency
data for all vessels using the Fremantle Traffic Bridge was obtained from operating periods
over the last 10 years. Marine vessel operators on the Swan River were contacted for details
regarding timetabled journeys and charters through the bridge per annum. Vessels were
placed according to size in each of the six categories. The journeys were split into upstream
and downstream as the approach to each differs. Table 3.2 shows sizes of vessels analysed
and the current number of scheduled passes through the bridge for each vessel size on the

river.

Table 3.2 Vessel Frequencies

Vi 370 Steel 884 226 % 10

V2 270 Aluminium 780 256 x 107

V3 190 Alumininm 780 2.56 x 107

V4 155 Steel 780 1.28x10°

V3 115 Aluminivm 3472 1.28 x 107

V6 45 Aluminium 9680 7.40x 10™
Note

¢ no data was available for vessel number 3; the same frequency as vessel 2 has been

taken instead.

e the Rottnest Explorer (V1), the biggest boat that has operated on the Swan River has
been sold to an operator in Sydney. There is an option to buy the vessel back, but Boat
Torque currently have no plans on re-purchasing the boat.
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The maximum number of passengers per vessel in each category is shown with approximate
capacities given by experienced boat operators. These can be seen in Table 3.3. The vessel
data is assumed to include passenger and crew and the percentage full is an average
distributed over the year.

Table 3.3 Vessel Operating Capacities

V2 525 210 40
V3 430 210 50
\'Z, 400 200 50
V3 284 1482 50
V6 199 120 60

The frequency of striking navigation and non navigation spans is analysed in the event trees.
Detailed calculations are detailed in Appendix 2.

3.5.2 Vehicle Movements across the Bridge

MRW A statistics for 1997/8 indicates that daily traffic flow across the bridge in either
direction is 30,100 vehicles per day. For conservatism it has been assumed that all traffic
occurs between 6am and 12pm, a similar operating time to the vessels. The average traffic
flow is therefore 1672 vehicles per hour. The average speed on the bridge is assumed to be
50km/hr allowing for intermittent flow caused by traffic lights.

1t is recognised that during peak hours there will be more vehicles on the traffic bridge,
however this only occurs in the morning between 7 and 9 and in the afternoon between 4 and
6. It is also recognised that vessels passing under the bridge at peak times will be small as the
majority of timetables inadvertently avoid peak traffic. It is therefore assumed that taking the
average traffic flow over an 18 hour period during one day is conservative.

Assessing the value of 1672 vehicles per hour and a travelling speed of 50 km/hr, average
traffic density on the bridge was calculated as follows:

Traffic density = Vehicle Rate / Vehicle Speed
=1672/50
=33 vehicles / km
= 0.033 vehicles / m

WACLIENTS\MAIN ROADS WAWRWOO1PUSSUED\REVI\REPORT1.DOC
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This traffic density equates to :

Bridge length 223m, No. of lanes 4
Total length of road on bridge available for cars = 892m

Total length of road available x vehicles per m = 30 vehicles on bridge at any one time

Therefore traffic density equates to over 7 vehicles per lane and 4 vehicles every 30m.

3.6 Consequence Analysis

3.6.1 Fire Hazards (Y

Fire hazards involved on the bridge involve either a jet fire or a flash fire from a natural gas
release or a pool fire from liquid hydrocarbon release. The models used in this analysis are
the Shell Research Centre for pool fires and the Thornton Research Centre for jet fires
[3.4,5,9].

Jet Fires

Jet fires result from ignited continuous releases of pressurised flammable gas or liquid. The

momentum of the release carries the material forwards in a long plume entraining air to give a

flammable mixture. Jet fires have a high flame temperature and can produce very high

intensity thermal radiation. The high temperatures pose a hazard not only from direct effects

of heat on human beings, but also from the possibility of event escalation. That is, if a jet

flame impinges upon a target such as a structural member, it can cause the target to fail. The

main aim in modelling the effects of jet fires is to predict the flame length and heat flux. The

jet fire model is represented as a frustrum cone, radiating as a solid body with surface

emissive power. (\ )

Pool Fires

In the event of a liquid release, immediate or delayed ignition can result in the subsequent
development of a pool fire on the surface of an impacted area. As a result of the ignition
process, pool fires are often preceded by a flash fire as light components evaporate from the
release prior to ignition. Because they are less well aerated than jet fires, pool fires tend to
have lower flame temperatures and produce lower levels of thermal radiation than jet fires.
However, this means that they will tend to generate more smoke, which can have serious
consequences on visibility and air quality. Although a pool fire can lead to structural failure
of items within the flame, this will usually take a lot longer than a jet fire. An additional
hazard of pool fires is their ability to move with currents. The pool fire model applied in
predicting the heat radiation field around a pool fire represents the flame as a cylinder,
radiating as a solid body with uniform surface emissive power.
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Jet Fire Modelling

The natural gas pipeline located on the downstream side of the bridge is the only jet fire
source. The following were used as criteria in the jet fire radiation modelling

» Release rates were estimated using the methodology developed by Shell Research
Thornton [3,4,5,9]

¢ A heat flux model of 13 kW/m’ provides a 30 percent chance of fatality for long
exposures, and a very high chance of injury [6].

e Flame dimensions, surface emissive power, and distance from the release point to the 13
kW/m? heat flux level were estimated throughout the model.

¢ The jet fire results are based on an initial continuous release and the effects of
depressurisation of the line have been ignored.

The results of the analysis can be seen in Table 3.4

Table 3.4 Table to Show Effects of Jet Fire Depending on Release Size

50 1.2 3 10.6 3 T
6 9 42 ‘ 638
10 8.7 6.3 61
100 4.8 3 196 4.4 41
6 16.7 6.8 38
10 16 8.3 7
Full bore 19.1 3 36.1 5.4 122
6 508 9 6
10 29 11.8 <5
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Pool Fire Modelling

The white oil line, transporting processed products such as kerosene and motor spirits,
presents the only risk from pool fires. The pipeline operates at 850kPa and can be isolated in
approximately 5 minutes once a leak is detected. In the event of a pipe rupture a release on
the sea surface will occur. A worst case scenario has been developed using kerosene as the
released hydrocarbon. A thirty metre pool diameter has been assumed taking into account
hydrocarbon film spreading characteristics on the water surface and tidal movements. The
following assumptions have been made:

e The vessel is assumed to be downwind of the fire
e The vessel is 20m from the edge of the fire travelling downstream
e The vessel is in the flame 5m from the edge of the fire travelling downstream

The following radiation level is achieved shown in Table 3.5

Table 3.5 Table to Show Effects of Pool Fire

Pool fire diameter /m 30 30
Flame Height /fm 36.2 36.2
Wind Speed / m/s 10 10
Radiation level at this distance KW/m2 213 26
Distance from edge of pool /m 15 5
Tolerance time for normally dressed person/s <3 <5
(equivalent to 4.7 KW/m2)

3.6.2 Effect of Fire and heat radiation on the Structural Integrity of the bridge

The effect of fire heat radiation on the structural integrity of the bridge was conducted in a
previous study [1]. Based on the jet fire modelling in Table 3.4 and previous studies it is
recognised that exposure to fire as described will not lead to collapse of the Bridge.
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APPROACH

3.6.3 Fatality Rates for Jet and Pool Fires
On the Bridge

It has been assumed that a collision with a navigation span in either design options does not
lead to loss of bridge. However collision with a non navigation span can lead to failure of
sections of the bridge (as shown in Section 3.6.4). If the deck collapses from an upstream or
downstream collision it has been assumed that the bridge deck will collapse. The following
case applies on road collapse from vessel collision with non navigation span:

e Road collapse due to impact from vessel on non navigation span leading to deck collapse
and pipeline rupture. Due to protection offered from heat radiation from motor vehicles
and the speed they cross the bridge, only occupants of 4 motor vehicles caught in the jet
fire flame envelope are considered at risk and a further 4 vehicles on the downstream side
may collide or driveoff the severed deck. All jet fires across the bridge are considered to
be horizontal and perpendicular to the direction of traffic flow. Pool fire radiation will not
affect the vehicle occupants directly, however smoke caused by the fire will reduce
visibility on the bridge increasing the frequency of collision.

It is assumed there are two occupants on average in the motor vehicle, and for all occupants at
risk there is a 100% fatality rate.

On the boat

The level of thermal radiation emitted by the pool fire in upstream and downstream cases is
very similar. Vessels probable positioning after a collision with the non navigation spans
exposes passengers to thermal radiation levels close to 23KW/m? (100% chance of fatality for
long exposure and 10% chance of fatality for instantaneous exposure) [6]. Jet fires aimed
directly at the vessel would also have the potential to cause large numbers of fatalities.

Due to the protection offered by the boat shell, boat positioning and direction of jet fire a
conservative fatality rate of 0.25 and 0.5 for upstream downstream vessels respectively has
been used for pipeline rupture. The reason for the difference is due to vessel location, on the
upstream side the bridge structure is between the jet and the vessel offering protection, on the
downstream side the vessel is directly exposed.
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3.6.4 Fatality Rate for Structural Collision

There are two types of collisions studied in this analysis, head on and glancing collision. In
the event tree analysis glancing has been further classified into nudge and minor glance for
fender damage purposes only.

Glancing

From reviews of previous studies [1] and discussions with boat operators glancing occurs
only on passage through the bridge with many passengers not even realising it has occurred.
Therefore the fatality rate associated with glancing is assumed to be 0.

Head on

The structure was modelled by considering one pile group of the bridge and assuming a direct
hit by the vessel. The members spanning between pile groups are effectively simply supported
and therefore do not have a significant capacity to transfer a collision load to adjacent bents, a
small contribution only was assumed for the bearers and deck structure. The models were
prepared using the software package 'SPACEGASS'. Similar assumptions were made with
respect to material properties and member sizes as made in the original study [1], namely:

Piles 500mm jarrah

Pile fixity 5 pile diameter below top of soil level

Timber section stress grade F17

Ultimate stress levels have been based on AS1720.1-1997

The timber bearers and bracing members have been assumed to be as shown on the drawings.
The double channel steel crossbeams have been assumed to be standard 380 PFC's.

/\
~

In accordance with the brief vessels have been classified in groups 1 to 6 and have been o
considered to approach the non navigation pile groups at a speed of 4 knots. It should be

noted that vessel sizes 1 and 4 were assumed to be constructed of steel whilst the remaining

vessel sizes were assumed to be constructed of aluminium.

Non Navigation Span Collision

The forces applied to the structure have been calculated iteratively by considering the vessel
approach energy, the energy loss in failure or displacement of the bridge structure and the
energy loss in crushing of the vessel. It has been assumed that as the vessel breaks through the
first row of piles, it is prevented from rolling by adjacent bridge members and thus energy is
only lost by deformation of the vessel and bridge. The amount of energy absorbed by the
vessel is dependent on its crushing characteristics.
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There are no definitive methods for calculating these values, similar techniques to those used
in the previous study [1] have been adopted. That is the assumption of an estimated crushing
distance of 150mm for a head-on collision of a vessel constructed of steel having a
displacement tonnage of 70 tonnes and travelling at 8 knots. This relationship provided a
basis for calculating the crushing distances for all vessels included in this study. The resulting
calculated crushing distances are shown in table 3.6

Table 3.6 Vessel Crushing Distances

0O vi 3700) 240mm Steel
T V2 @y 690mm Aluminium
V3 (1901) 580mm Aluminium
| V& assy 160mm Steel
V3o asy 450mm Aluminium
ve @51) 280mm Alumininm

It has been assumed that these estimates of crushing distance are maximum values and that
where a vessel strikes a structure, which is "soft" or yielding, then the crushing damage is

- reduced. In order to be able to assign a magnitude to the crushing distance for such events, the
following assumptions have been made:

e Crushing distance is proportional to force
(‘\) ¢ Force that results in maximum crushing is proportional to /M7 .

~ The methodology used to determine the amount of damage caused to the bridge structure was
as follows:

* o Load to cause failure of 1® pile determined from SPACEGASS
¢ Calculate energy loss due to ship crushing and deflection of the structure

» Repeat process for the next pile, etc, until vessel energy is absorbed and the vessel comes
to rest

Figure 3.1 and 3.2 show the models used in the analysis. These provide a representation of the
= vessel impact points and the structures deformed geometry after the collision,
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APPROACH

Analysis of the structure shows that the first pile fails in bending close to the point of ship
impact. Failure of this pile is unlikely to cause collapse of the superstructure, as there is some
capacity of the deck to act as a cantilever, and there is some support from the remaining
timber framing.

Failure of the second pile, however, is likely to result in the collapse of the whole bridge.
The stiffness of the superstructure above the second pile means that high moment loads are
transferred to the base of the piles near the mud line. The model shows that under this
condition the moment in the remaining six piles in the group is roughly equivalent. This
means that when the applied load is sufficient to fail the second pile it is sufficient to fail all
the remaining piles. We would expect that under such conditions the bridge would fail
progressively.

Analysis shows that vessels 1-4 would cause catastrophic failure of the bridge under a 4 knot
head on collision.

Navigation Span Collision

Main Roads have instructed Qest and Hardcastle & Richards that the navigation spans in
design options 1 and 2 would be designed to withstand a collision by any of the vessels under
consideration without significant damage to the structure. A head on collision provides
hazards, which could be fatal. The major fatality contributors are deceleration and sinking.

Deceleration

Main Roads have undertaken preliminary designs of the two options including simple
mathematical models of the piles structure. The results from these provide a measure of the
stiffness of the structure. This in turn allows an estimate to be made of the deceleration, which
might be expected under collision conditions. The calculations have been made on the
assumption that the vessel strikes the bridge and comes to rest. There would obviously be a
number of cases where vessels would strike glancing blows and then veer away, under such
conditions the deceleration would be significantly less.
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Hardcastle & Richards produced detailed models calculating the ultimate deceleration for
both design options for each of the vessels considered. The decelerations are shown in Table
3.7and 3.8

Table 3.7 Deceleration for Vessels with Design Option 1

i V2 430 22 2800 8.7
- () V3 315 36 1970 104
V4 260 73 1600 29.5
Vs 190 3.4 1200 13.5
Vé 75 54 465 213

Vi 613 3840 222

\'2 430 2.2 2800 88

V3 315 2.7 1970 10.6
. Vi 260 8.6 1600 339
V5 190 34 1200 13.7

Vé 75 5.3 465 216

It can be seen from Tables 3.7 and 3.8 that vessel sizes 1 and 4 have considerably larger
decelerations than the others. This is due to the vessel being modelled as steel, which has a
greater stiffness than Aluminium on impact.
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Sinking

The vessels analysed in this report are all passenger ferries operating on the Swan and around
the harbour. As such the vessels are required to be built to standards as defined by Transport
Marine Safety. Each vessel is sub divided below the bulkhead deck into watertight
compartments [7]. A typical vessel contains 6 bulkheads and a collision bulkhead.
Commercial vessels are designed that in the unlikely event of a bulkhead loss from a
collision, the vessels still remain afloat [8]. In discussions with experienced maritime
operators and designers it has been deemed that it would be very unlikely that a head on
collision with a navigation span would sink the vessel.

In determining the fatality rate previous studies have assumed a fatality rate of one third of the
number of passengers on board [1]. However this study includes the assumption, agreed by
Main Roads, that vessels will not sink on impact with the bridge. Assessing the deceleration
rates, discussions with experienced mariners and assumed vessel movements on collision the
following fatality rates are assumed to be conservative.

A fatality rate of 20% for vessel sizes 2,3,5,6.
A fatality rate of 33% for vessel sizes 1 & 4.

A study was carried out to determine the sensitivity of passenger capacities and fatality rates.
This can be seen in Section 4.
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FINDINGS

4 Results

The results from the event trees for both Design Options can be seen in Table 4.1 in the
format of a FN table.

F: Frequency at which N number of fatalities will occur
N: Number of fatalities

Table 4.1 FN Table for Design Options 1 and 2

282 | 3.0E-9 3.0E-9 282 1.0E-9 1.0E-9
202 | 3.2E-9 6.2E-9 202 1.1E-9 2.1E-9
174 | 3.4E-S 9.6E-9 174 1.1E-9 3.2E9
163 | 3.4E-9 1.3E-8 163 L.1E-9 4.4E-9
132 | 8.4E-10 1.4E-8 132 | 2.8E-10 4.6E-9
117 | 17E-9 1.6E-8 117 | 5.7E-10 5.2E-9
i1 1.7E-9 1.7E-8 111 | 5.7E-10 5.8E-9
106 | 1IE-7 1.3E-7 106 { 2.0E-8 2.6E-8
66 6 4E-8 1.9E-7 66 1.1E-8 3.7E-8
45 1.3E-7 3.2E-7 45 2.3E-8 5.9E-8
42 1.3E-7 4.3E-7 42 2.3E-8 8.2E-8
28 6.6E-8 5.1E-7 28 1.2E-8 9.4E-8
24 3.8E-8 5.5E-7 24 7.0E-9 1.0E-7
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FINDINGS

The cumulative frequency of collisions resulting in a fatality for design option 1 is 5.5 x 107
3 pa and for design option 2 is 1.0 x 10” pa. Table 4.2 shows the frequency for the Fremantle
Traffic Bridge and compares it with the criteria set out by Austroads and the US Department
of Transportation.

Table 4.2 Comparison of Fremantle Traffic Bridge Risk Data with Acceptance Criteria

Austroads:
i Servicability Load Minor damage at a rate < 0.05 pa Y
(\ Ultimate Load Bridge collapse at a rate < 6.00035 pa Y
- J US Department of
Transportation: ' Y
Critical Loads Collapse frequency < 0.001 pa
Regular Roads Collapse frequency < 0.0001 pa Y Y

It can be seen from Table 4.2 that both design options meet the acceptance criteria set by both
bodies. Interms of Societal Risk Figures 4.1 and 4.2 show the Fremantle Traffic Bridge F-N
curve plotted against criteria set out by the HSE and that proposed for Kwinana Industrial
Developments. In Figure 4.1 both design option curves can be seen to fall below the
negligible risk limit level. In Figure 4.2 design option 1 crosses the tolerable section in the
graph, whereas design option 2 is in the negligible risk area again. The criterion compared in
Figure 4.2 is the risk for industrial areas and should be stricter for areas of public use such as
the Fremantle Traffic Bridge.
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FINDINGS

The approximated costs for each design option and its associated cumulative frequency are
shown in Table 4.3

Table 4.3 Cost Comparison of Design Options

Design Option 1 5 5.5E-7 2.8E-6

Design Option 2 11 1.0E-7 1.1E-6
Difference 6 -4, 5E-7

As Main Roads have no cost benefit criteria, an attempt to represent the relationship between
project cost and frequency of fatality has been made by multiplying the approximate cost and
frequency. It may generally be considered reasonable that the lower the resultant factor, the
better the “safety value” of the design.

It should be noted that even though both design options comply with the specified acceptance
criterion, it was found that an increase in the number of glancing collisions per year due to
waterway restriction from the dolphins (design option 1) will result. This would also lead to
an increase in maintenance. A brief study (Section 4.1) was conducted at Main Roads
request.

WACLIENTS\MAIN ROADS WAWRWO01PUSSUED\REVI\REPORT1.DOC
Page 31




FINDINGS

4.1 Collision Frequencies

This study assesses the change in collision frequency from the current navigation spans if any.
The probabilities of glancing the bridge were estimated using the same methodology for
design option 1 (the methodology can be found in Appendix 2, design optionl nav span
collisions). The analysis was repeated using the estimated collision rates for the bridges
current status. It should be noted that this is not a risk assessment of the current Fremantle
Traffic Bridge, but a separate study conducted using similar design options assumptions on
the current bridge set up. Table 4.4 shows the results of the sensitivity analysis.

Table 4.4 Comparison of Glancing Collision Frequencies

Nav glance " | L6E-4 | 2.7E4 |4.1E5] 12% | -74% |

Non nav glance 5.5E-5 [ 5,5E-5|1.8E-5| -1% | -66%
Total glance collisions both span types 2.1E-4 | 3.2E-4|5.9E-3] 53% | -72%

It can be seen from a comparison of collision frequencies that implementing design option 1
increases the amount of navigation span glancing collisions by 72% on the estimated current
status. Implementation of design option 2 reduces the number of navigation span glancing
collisions by 74%. This increase is heavily supported by anecdotal evidence from
experienced skippers operating on the Swan River. Many of the larger boats have less than a
metre either side of the vessel as they travel through the bridge. The limited clearance through
the Bridge is highlighted by Figures 4.3 and 4.4
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Figure 4.3 Boat Torques “Star Flyte” vessel as it traverses the Traffic Bridge from
upstream through the wider Northern Span

Figure 4.4 Captain Cooks “James Stirling” vessel prior to traversing the Traffic Bridge
from upstream through the small Middle Span
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FINDINGS

4.2 Sensitivity - Passenger Fatality Rates

4.2.1 Methodology

A sensitivity was carried out to determine the effect of assuming a fatality rate of 20% for
specific vessel sizes involved in head on collisions. The Qest event tree model was used in
this analysis modifying the maximum number of passengers and assuming a fatality rate of
33% for all vessels on collision. The changes inputted to the trees can be seen in Table 4.5
and event trees and results can be seen in Appendix 3. The sensitivity was conducted for both
design options and comparisons made.

Table 4.5 Sensitivity Modifications

V1 0.33 320 0.33 800

V2 0.2 210 0.33 525

3 0.2 225 0.33 450

V4 0.33 200 0.33 400

\A 0.2 142 0.33 284

V6 0.2 119 0.33 199
4.2.2 Results

The impact the modifications have on societal risk can be seen in Figure 4.5. The graph
shows that for design option 1 the sensitivity FN curve shifts to the right and is almost
completely in the tolerable section. Design option 2 sensitivity shifts the FN curve to the
right but still remains in the negligible region. All curves are still well below the intolerable
level.
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RECOMENDATIONS

5 Conclusions

o Both design options conform to the accepted criteria set by Austroads and the US
Department of Transportation.

¢  Design option 1 - the addition of dolphins to the piers will increase the likelihood of
collision as a result of movement restrictions during passage, especially on entry and
exit. The narrow middle span, with maximum clearance and favoured by most skippers
due to varying tidal heights, will become more hazardous as the manoeuvring distance
between the Traffic and Railway bridges is reduced.

o  The overall cumulative frequency of collision resulting in a fatality for design option 1
is 5.5 x 1077 pa and for design option 2 is 1.0 x 10”7 pa.

e  The current cumulative frequency of glancing collisions with the navigational spans is
1.6 x 10~ pa. The overall cumulative frequency of a glancing collision DO 1 is
2.7x10™* pa, an increase of 72% and for DO 2 is 4.1 x 10> pa, a reduction of 74%.

e  From structural analyses vessel sizes of greater than 155 tonnes will cause structural
failure of the bridge on collision with the non navigation spans at 4 knots or greater.

e  From structural analyses vessel sizes of greater than 45 tonnes will cause structural
failure of the bridge on collision with the non navigation spans at 10 knots or greater.

e  The risks to the public resulting from design option 1 are tolerable / negligible when
compared to risk criteria for industrial sites (Figure 1.1). Risk criterion for public areas
may generally be considered stricter than those presented for industrial developments.

¢ The risks to the public resulting from design option 2 are negligible when compared to
risk criteria used for industrial sites (Figure 1.1). Risk criterion for public areas may
generally be considered stricter than those presented for industrial developments.

Table 5.1 shows risk related advantages and disadvantages of both design options.
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Table 5.1 Risk Related Advantages and Disadvantages of Design Options

phi Cni
Approach | +ve | Protect timber structure from possible Presents a less hazardous approach to and
to the vessel collision through the bridge, as the spans are
bridge Control the tidal flows through the bridge | 34.75m wide. Approx 3 times the width
better. of the widest boat.
The jetty on approach from downstream
will not cause unnecessary manoeuvring
of vessels due to better bridge alignment.
From -ve Placement of the jetty on approach from None identified
up/down downstream causes nnnecessary
river manoeuvring of vessels as they require
approx. 100 metres of approach way.
Liningup [ +ve | None identified Due to the extra width, winds and
with the currents moving the boat will not force
bridge skippers into sudden movements.
-ve The piers are extended by an additional None identified
5.5m on each side of the bridge,
highlighting the fact of maintaining a
good line for safe passage.
Vessels stopping at the East Street Jetty
prior to the bridge, will need to make
more movements to navigate the bridge
after setting passengers dowt.
Travelling | +ve | The fenders are strengthened to protect Structure is protected from collision The
through the the structure from collisions. boats have a greater amount of width
bridge, clearance through the bridges, thus
(currents, reducing fender damage and chance of
wind) structure collision.
-ve The length of piers are increased in some | Currently skippers navigate through the
case by an additional 11m. This will lead | middle span during high tides. The
to regular glancing of fenders and removal of this guide will result in the
increased maintenance costs. need to be more aware of tide levels when
There is a greater possibility of causing navigating the Bridge.
damage to vessels on the River.
Alignment | +ve | Structure is protected from collision Structure is protected from collision
on exit A line can be taken to avoid sharp turns
during bridge passage.
The wider span allows a Iess hazardous
line to be taken on passage through both
the Traffic and Railway Bridge.
-ve From upstream passages the dog leg turn | None identified
on the middle span is expected to
significantly impair vessels navigating
both bridges.
A considerable increase in bridge
collision is expected to occur due to the
reduced distance, tidal currents and wind
conditions the vessels must navigate
caused by the addition of dolphins.
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RECOMENDATIONS

6 Risk Mitigation Measures

During the course of the risk assessment, vessel operators and Port Authority personnel were
contacted for information. In discussions about the Fremantle Bridge, various suggestions
were volunteered on how the bridge could be made inherently safer.

The suggestions are as follows:

Addition of markers hanging from span entrance and exit to allow skippers to line up vessels
properly.

Addition of tide height markers on the bridges prior to the Fremantle Traffic Bridge. This
allows skippers to get an accurate hold of current tide heights rather than rely on Fremantle
Port Authority.

It was highlighted by various skippers that a significant number of private boat owners did not
understand the rules of navigation, often causing frustration and extra hazards for other boat
users. Perhaps a greater navigation awareness campaign could benefit all Swan River users.

In order to reduce damage to boats and fendering, the addition of impact absorbing fenders
was suggested.

Addition of guiding piles to ensure vessels do not ever hit non navigation spans, and also
guide vessels though the navigation channels.

Ensure alignment of the Traffic and Railway Bridge if design option 2 is implémented.

WACLIENTS\MAIN ROADS WA\MRWO01PISSUED REVI\REPORT1.DOC
Page 38

2

TN
; !

i
—— 7




7.0 REFERENCES

WACLIENTS\MAIN ROADS WAMRWO01PUSSUED\RE VI\REPORT1.DOC




k-

REFERENCES

[1]
(2]
(3]

[4]

[3]

(6]

[7]

(8]

1]

Riskcorp, Fremantle Bridge Risk Analysis for Main Roads WA, 1994
Austroads, Austroads Bridge Design Code — Limit States Format, Section C1 1992

Chamberlain, Developments In design methods for predicting thermal radiation from
flares, Chem Eng Res Des, Vol 65, July 1987

A.D. Johnson, HM.Brightwell, A J.Carsley, A model for predicting the thermal
radiation hazards from large scale horizontally released natural gas jet fires, Trans
IChemE, Vol 72, Part B, Aug 1994

A.J.Carsley, A model for predicting the probability of impingement of jet fires, IChemE
Symposium Series 139, Major Hazards Onshore and Offshore II, Oct 95

Hazardous Industry Planning Advisory paper No. 2, Fire Safety Guidelines, Department
of Planning Sydney, 1993

Uniform Shipping laws Code Section 5 Sub Section C, Section C.2 and C.3, Australian
Government Publishing Service Canberra, 1993

Uniform Shipping laws Code Section 5 Sub Section C, Appendix 1, Australian
Government Publishing Service, 1993

Loss Prevention in the Process Industry, Lees pp448 ISBN 0-408-10604-2

[10] Water Transport pg4, E&P Forum, QRA Directory Rev0 pg4, 1996

WACLIENTS\MAIN ROADS WA\MRWO01PUSSUED'REVI\REPORT1.DOC

Page 39




8.0 APPENDICES

WACLIENTS\MAIN ROADS WAMRWO01PUSSUED\REVI\REPORT].DOC




Appendix 1

General Arrangement Drawings of Design Options
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Appendix 2

Event Trees for Design Options 1 and 2
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Event tree analysis

Nomenclature

The trees are split into different scenarios by vessel size, design option and wether the
vessel is travelling from upstream or downstream direction. The nomenclature used to
describe the trees is as follows:

Tree V1 DO1 UP Vessel size 1, Design Option 1, Upstream of Bridge
Tree V1 DO1 D Vessel size 1, Design Option 1, Downstream of Bridge
Tree V1 DO2 UP Vessel size 1, Design Option 2, Upstream of Bridge
Tree V1 DO2 D Vessel size 1, Design Option 2, Downstream of Bridge

Through to

Tree V6 DO1 UP Vessel size 6, Design Option 1, Upstream of Bridge
Tree V6 DO1 D Vessel size 6, Design Option 1, Downstream of Bridge
Tree V6 DO2 UP Vessel size 6, Design Option 2, Upstream of Bridge
Tree V6 DO2 D Vessel size 6, Design Option 2, Downstream of Bridge

The numbers used in the event tree are explained in detail below

Design Option 1

The following are detailed explanations of all figures used in the event tree analysis.
2 Nav span collision

The Bridge was built in 1938, however there are no documented records detailing river
traffic for the whole period. There are no documented reports of collisions with vessels
on the navigational spans crossing the river. Hence it is difficult to quantify accurately.

However according to anecdotal evidence given by the vessel skippers, vessels glance
fendering on the Fremantle Traffic Bridge frequently. For the current Bridge
configuration the frequency of glances given by operators ranged between 1 and 6
glances per year.

As this data is extremely difficult to quantify for all vessels a generic collision rate was
assumed based on the worst case value. Of those 6 incidents per year, 4 were minor and
2 were severe glances as the vessels pass through the bridge. It should be noted that a
minor glance is defined as clipping the fendering on passage through or exiting from
under the bridge by turning before the stern of the boat is clear. A severe glance was
described as a nudge on the bridge. Again from anecdotal evidence skippers notice a
minor glance whereas the majority of passengers are unaware of contact.
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The navigation span that causes most problems is pier 15, the left hand side of the
smallest navigation span located in the middle, due to vessels turning sharply to gain
alignment with the Railway Bridge.

As a result of this evidence the spans are distributed as follows in Table A2.1

Table A2.1 Distribution of glances per navigation span

Southern

The easiest approach and passage through the bridge

Middle

The smallest span and sharp dog leg tumn on exiting the bridge

Northern

The span has the lowest clearance and a dog leg turn on exiting
the bridge

The implementation of design option 1 increases the average length of a pier by 5.5m

per dolphin as shown in Figure 2.2. This additional protection lengthens the restricted
distance that boats travel through, ultimately leading to an increased number of
collisions.

Southern | 5.5m Current pier length = 11m (inc current fendering) 1.5
a dolphin on either | Increased length = 5.5m
entrance pier No. of extra glances 5.5/11 = 50%
% x current glances; 0.50 x 1 = 0.3
Middte 1im Current pier length = 14m (inc current fendering) 33
two dolphins on Increased length= 11m
entrance and one on | No. of extra glances 11/14 = 78%
the pier 15 severely | % x current glances; 0.78 x 3 =2.3
restricting turning
Northern | 3.5m Current pier length = 16m (inc current fendering) 2.7
a single dolphin on | Increased length = 3.5m
entrance No. of extra glances 5.5/16 = 34%
% x current glances; 0.34 x 2= 0.68
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A typical vessel passes through the bridge 780 times a year (up and down stream passes
based on 14 timetabled trips for the year and 2 charters a week for 26 weeks, denotes
summer).

Therefore the upstream frequency of collision is given by
No. of collisions in a year/ No. of passages under bridge in a year
Therefore for vessels travelling from upstream:
(5.3 +2.7) /390 =0.021 collisions per vessel per year
and for vessels returning from down stream
1.5/390 = 0.004 collisions per vessel per year
A worst case collision rate was applied to all vessel sizes.
3 Striking the non navigation span

This methodology is valid for upstream and downstream passages.

The non navigation spans are located adjacent to the navigation spans exposing 4 piers
either side of the outer spans at risk from collision. The remaining piers are located in
depths too shallow for all boats at high tide. It is conservatively assumed that there is
an equal chance of striking the non navigation spans on up or downstream passages. In
the hazard identification study conducted on the bridge, causes of collision with non
navigation spans were identified as follows:

Loss of Steering
Loss of Power
Human Error

- Current variation
- Wind conditions

Steering Failure

Skippers of vessels operating on the Swan River, in the unlikely event of engine failure,
are trained to avoid hitting objects such as bridges by using forward and reverse thrusts
of the engine or even keep the vessel travelling in circles until help arrives. Vessels
passing through the Fremantle Bridge pick their line through the spans 100 metres prior
to passing. Loss of steerage prior to this distance would allow the skipper to take
emergency action before it was too late.

In discussions with skippers it was discovered that one of them has experienced steering
failure 3 times in a 10 year operating period, once on the approach to the bridge. This
has been quantified below.
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A typical vessel completes river tours or trips to Rottnest twice a day with a couple of
extra river charters during the weekend. The average distance is assumed to be 60kms
with 16 trips per week.

Therefore the total distance travelled per week is;

16 x 60 = 960km per week
52 x 960 = 49,920km per year

Using the data provided from the skippers, steering failure is estimated to be 0.3 per
year. This gives us a steering failure loss of

0.3/ 49,920,000 = 6.0 x 107 steering failure per m per year

However for this study we are only concerned with a distance of 100m prior to the (3
bridge, this is the minimum stopping distance needed by large vessels to decelerate and

avoid collision with the bridge. Therefore in the approach to the bridge the frequency

of steering failure is 6.0 x 107

Engine Failure

There are no records of ferries operating on the Swan River having loss of power due to
engine failure. Engines in use today are diesel and are required to have regular
servicing every 3 to 6 months. A vessel operator stated that it was company policy not
to pass through the bridge with a damaged engine if it were to occur. It is a Department
of Transport requirement for any vessels with engine failure to set down the passengers
at a safe drop of point as soon as possible.

The risk associated with engine failure is deemed negligible compared to the major
contributor, human error.

Human Error , R
The major contributor to risk associated with vessel collision, is caused by human error. L/
A review of accident studies on vessel collisions, reports that the single largest

contributor to accidents at sea is associated with human factors such as human reaction.

In general the human factor accounts for some 40%. The human factor is predominant

in situations such as vessel collision, grounding and accidents involving personnel [10].

The majority of vessels operating on the river are made of aluminium and do not sit
very deep in the water hence are prone to different wind and tidal conditions constantly
effecting manoeuvrability. The human factor takes into account how each skipper deals
with the conditions on passing through the bridge. However on the Fremantle Traffic
Bridge collisions caused by human error are attributed to be 80%.
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Due to the positioning of the non navigation spans it has been assumed that it is only
possible for them to be struck on approach to the outer spans. Therefore if we assume
the number of collisions with the outer spans, 80% is attributable to human error.

Thus the number of collisions due to human erroris (2.7 + 1.5)x 0.8 =3.4. As
discussed in 2 navigation span collision: the average number of passes through the
bridge is 780 per year. Therefore a probability of 3.4/780 = 4.3 x 10 is obtained for
collisions deemed to be caused by human error.

The total frequency associated with striking a non navigation span is;
Freq of engine failure + Freq of steerage failure + Freq of human error collision

However there are no records of vessels striking non navigation spans on the Swan
River. It will be assumed for conservatism that 60% of all vessels, on loss of power,
steerage or human error will strike the non navigation spans. This factor takes into
account the depth of the river, tidal conditions, wind conditions and traffic conditions
around the bridge.

(6.0x107+43x10°)x0.6=2.6x 107

Note Freq of engine failure is deemed negligible compared to other contributing risk
factors.

For conservatism the collision rate has been assumed to stay the same for all vessel
sizes.

4 Strikes object at a speed greater than 4 knots

This methodology is valid for upstream and downstream passages. All vessels pass
through the bridge at a speed greater than 4 knots. Four knots is assumed as the average
current speed on the Swan River. All vessels due to there size and weight must
maintain a speed at least 8 knots when passing through the bridge otherwise the vessels
lose manoeuvrability. Therefore it has been conservatively assumed that on approach to
the bridge 95% of vessels will be travelling above 4 knots per hour. This applies to all
vessel sizes.

5 Striking the Bridge

This methodology is valid for upstream and downstream passages. As discussed earlier
in 2 striking the nav span, the current worst case of collision was deemed to be 6 times
per year. From historical operator data, the bridge has been exposed to river traffic for
95 boat years (The sum of all boat operating histories available).
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As discussed in 2 the assumed number of collisions per vessel size is 6 times a year. Of

those 6 incidents per year, 4 are minor glances and 2 are severe nudges as the boat
passes through the bridge. There are no recorded incidents of a head-on collision in the
life of the bridge. However there has been one incident in the port involving a ferry
colliding with a steel navigation marker in the port. As a result of the collision extreme
damage occurred to one side of the vessel, shattering windows over passengers, no
fatalities were recorded. For conservatism this incident will be classed as the only
direct collision in the bridges operating period.

If the fenders are accidentally struck 6 times a year then the total number of collisions
according to available data is:

Number of incidents per year x boat operating period (years) = Number of incidents
overall in operating period

Glancing 4 x 95 =380
Severe Nudge 2x95=190
Total 570 Incidents in bridge operating

1t has been assumed that there has been one head on collision during the operating
period data available. Therefore the type of collision can be calculated as a ratio of all
collisions.

Head on 1/571 =0.0018
Glancing 380/571 =0.66
Severe Nudge 190/571 =0.33

For conservatism these values have been applied to all vessel sizes.
6 Structural Failure

According to Main Roads, the navigation spans in design options one and two will not
lead to structural failure of the bridge on vessel collision. A failure probability of 0 has
been assumed for these spans.

From the detailed structural analyses completed by Hardcastle & Richards on the non
navigation spans. Vessel sizes 1 to 4, are assumed on collision with the non navigation
spans to cause the bridge to fail. A failure probability of 1 has been assumed for these
vessels. Vessel sizes 5 and 6 on collision do not cause structural failure of the bridge
and a failure probability of O has been assumed for these vessels.

These probabilities apply for upstream and downstream events.
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7 Gas/Oil Pipeline Rupture

Oil and gas pipeline rupture can occur from corrosion, bridge structural failure,
sabotage or impingement by an object. Of these causes the largest contributor to risk in
the case of the Fremantle Traffic Bridge is bridge structural failure.

The possibility of pipeline rupture from structural failure can only occur in both design
options by a head on collision with the non navigation spans. Therefore it is
conservatively assumed that on structural failure the pipeline will rupture. A failure
probability of 1 has been assumed for structural failure. This is generic in all event
trees.

8 Ignition Probability

Typical ignition probabilities for hydrocarbon releases on an offshore platform into a
working environment are deemed to be 0.1. However during normal operation of a
platform there are minimal ignition sources. In the event of a collision leading to
pipeline rupture it is recognised that there will be a considerably larger number of
ignition sources present such as motor vehicles on the bridge, smoking on the boat,
sparks from impact and failing steel supports. Therefore an ignition probability of 0.3
will be used. This is generic in all event trees.

Design Option 2

The difference between design option 1 and 2 event trees is only noticeable in the
collision probabilities with the navigation and non navigation spans. Otherwise the
event tree probabilities are assumed to be generic.

2 Striking the navigation span

In design option 2 the number of navigation spans are reduced from three to two and
span distances increased to 34.75m wide an increase of over 20m per span. This
increase in span width increases boat width clearance, thus further reducing the
possibility of collision. In the bridge’s current state and in design option 1 the minimal
width clearance for larger vessels is as small as 1m either side of the boat. In design
option 2 the clearance is 12.5m clearance either side for the largest boat.

As mentioned in design option 1 each vessel was assumed to glance the bridge 6 times a
year during up and downstream passages. The human error factor was assumed to be
conservative at 80%. The span width is dramatically increased almost eliminating
human error completely, however for conservatism a 5% human error factor will be
used.
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In design option 1, 80% of the 6 collisions per year are assumed to be from human
errTor.

Therefore 0.8 x 6 = 4.8 collisions per year due to human error.
Leaving 1.2 collisions per year from other external factors

In design option 2 the number of collisions per year due to a human error is deemed to
be 5% of the worst case value.

Therefore 0.05 x 6 = 0.3 collisions per year due tc human error

Adding the other external factors with the new human error factor we find the total ()
number of glancing collisions per yeartobe 1.2 +0.3=1.5 h

Splitting the total number of collisions into upstream and down stream collision we find
there are 0.75 collisions per year in up or down stream spans.
Therefore for vessels travelling upstream or downstream:

No. of collisions in a year / No. of passages under bridge in a year
(1.5/2) /390 = 1.9 x 10° collisions per vessel per year

The frequency associated with navigation span collision is 1.9 x 10™ an order of
magnitude lower than the upstream frequency. The collision probabilities are assumed
to be the same for all vessel sizes upstream and downstream passages.

3 Striking the non navigation span

In design option 2 to compensate for the increased width of the navigation spans, two ( y
non navigation piers either side of the outer spans are removed. Thus reducing the ~
number of spans available for structural failure. The approach to the bridge by vessels

will be less hazardous as skippers can align vessels for a less risky passage through both

Bridges. In order to compensate for this change in the event tree the probability of

collision with a non navigation span is reduced by a factor of 3.

The collision probabilities are assumed to be the same for all vessel sizes upstream and
downstream passages.
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Design Option Input Data

Dol St Nav Spans elongating them by 5.5m
DO2 Widsning of Nav spans
£12 V2 slighily sawaller boal
Vi 3% tonnes Vi 270 fouies V3 190 lounes \£] 155
Upstream Downstreatn Upstreun Downstrzam Upstreain Downstream Upstreatn Dowtistraain Upstream Downstream Upslreain Downstreun Upstream Downstreatn
Tree Dala 1 VIDO1UP V1 00i D Vi ba2up V2 DOt Up ¥2D01D V2 D02 UP V3iDoID V3Do2UP Vv3ipo2D VaDO1 Up v4DO1 D
Frequency 2 2.26E03 2.26E-03 . | 276803 )3 RSB Y 57 Q56803 - | 2.56E<Q3 2.56E-03 T 128803 - : 128E-03
No. of people exposedon boat [ 3 320 210 210 225 225 225 B 200
No. of peaple exposed on bridg] 4 lo 16 15 16 16 Lo 16 18
Strikes Nav Span I 5 0.004 0.004 0.0019 0.001 00019 0.0019 0021 0.004
Strikes Non Nav Span s 0003 0.003 0.0009 0.003 0.0008 0.0009 0.003 0.003
Strikes at speed greater than 4 k| 7 095 095 0.5 095 095 0.95 095 0.95
Strikes at speed i} &8l 0395 .95 0.95 0.95 093 0.95 0.95 095
i 0.0018 06018 0.0018 0.00t8 0.0018 00018 0.0018 0.0018
0.33 . 033 033 033 0.33 033 033 0.33
1 i 1 ] | 1
Causes Strusture) failure Nav s 0 0 [] 0 0
Gag/oil pipcline failure 0.5 0.5 1 [X] 1
1| 0.3 0.3 03 0.3 03
3 1 i 1 }
0.25 0.25 03" 025 - DS
o [ o 0 . ]
Liout fistulity rale sinking/devele an oW X S 2. _' a3 TN




Design Option Input Data

Boats smaller

Vo

tonnes

Upslgeain

Upsireatn

I Downstream

Tree Data | Vo DOL Up Vo DO

Frequenvy 2
No. of people exposed onboat | 3 PR
No. of peaple exposed ou Lrided 4 10 Y 16
Strikes Nuv Spuini 15 0.021 0001y 0.0019
Strikes Non Nav Span |H3 0.003 0.0009 00009
Strikes at speed greater than 4 kl 7 0.95 095 0.95
Strikes at speed greater than 4 k| 8] 0.95 095 9.95
Strikes Head on 9| 0.0018 0.0018 00018
Glances 10 0.33 033 033
Causes Structurat failure Non | 11 0 [} 0
Causes Structural filure Navs | 12 0 1] [}
Gas/oil pipeline failure 13 9.5 8¢5 1
[uition 14 03 [X]
Bridge fatality rate froi poot &| S 1 ]
Boat fatality rate from jet & po | 16 0.25 0.25
Boat fatality rate plancing collis| 17| [] ']
Boat futulity rate sinking/dacele] 18| 0.2 0.2

N




Event tree for passage through Fremantls Bridge

Bost Name Vesseld

Code vipotup

and fondar

Deslon Optlon 1 ddition of dolphl
Upstroam of biidge, travelling into tha harbour

Events

Propie exposed on brldge

Conssquances Bridgs

immediate

People exposed on boat

1 2 3 4 5 8

13 14

Consequaticas Bost
:ﬁ'y ]

20

18

20

23 22

23

Strikes al

Strikes | Stikes speed

Nav | Non Nav | greater than] Strikes

Pipeline|
Fre: Span span 4 knots bridge | |fallure | nuplure | Ignllion| Frequency | Outcome

Causes § GasfOil

Rale frem
poel and
Jet fire
No. of exposure | Ne. o®

fatatlies PLL onboat | faialitles

PLL

Boat
Cafision
Glancing

Fataity

Rale

Pigelina rupluces (NG or WO}

Fatahlies from jel.pool fire & eolislon

Fatakities from head on colislon only

Spead assumad to bs >=8 knots

Fatakties from head on colisian only

D.0018
headan 1

Spasd assumed to bo >=8 knots
8.12E-08 |Falalilies froin head on cofislon anly

y 0.33

Speed assumnd o de >=8 knols
1.50E-05 |Fatalilles from nudging fenders only

002 nudge
y [X:14
minar glance

442

=3
]

Speed attumad to be >=8 knols
3.00£-05 {Fatadties from glancing fandars only
— Spesd nusumed to be >u0 knols
238E.08 [Sw wlanclog lmpsel omlo slructuce
L. B aitisdin be ARty
1 4BL-GU [ yilies (NO ut WO)

falatioy fiom (el pool fire & cotalon

0.0022624

3.45£-08 [Fatailles from head on colision only

Speed assumed to be >=8 knots

4.92E-08 {Fataktles from hoad on colision only

_0.0013 |
head on

Speed agsumed to he >=8 knots

FatakiUos from head on colsion anly

0.33

Speed assuned lo ds =8 knols.
1.82E-06 |Fatailles from nudping fenders only

nudge
0.67

eed assumed ta be >=8 knots

3.64E-06 }Fataitles from plancing fenders only

minor glance

Speed assumed to bs >=8 knots

2.8BE-07 [Sovere glancing impact anlo siructure

Culcomes

BN - Y

Check sum

Natural gas ! Oil pipetine
Head on colisan > 8 knols
Nudging colision > 8 knots
Giancing colision > 8 knots
Severe glancing impact onto steuclure. LOP
Slraight thvough

3

]

-2

3

£

Speed assumed to be 4 knots
2.21E-03 laoal passes under bridge

3A47E-08

16 320

1 i& 0.25 80

I n oatE on Hib L

rror

No. of
fatadties

PLL

Baat
Colliston
Head On

Fatality

Rale

3¢

.33

0.3

0,33

033

L33

033

¢.33

033

No. of
fataltles

PLL

Total No.

320
106
108
108

106

1<

108

108

8 58E-08

t Ak 0
3.64E-07

5,20E-07

2016
1058
105.8

1058 8 58E-08

i n 188w

1056  3.04€.-07
1058  5.20E-07

1058

of fatatities| Tolal PLL Freq

8 126-08

148l
3 45E-09

4.82E-09

cool

Totat PLL  9.0SE-06




Event trew for passage through Fremantls Bridge
S

Code

Events

ViDO1D
Dassign Option 1
Dovmslraam of bridge, traveling from the harbour

dditlon of

and fender

1

Peoplo exposed on bridge

Cansagusnces Bridge
Faliy | 13 14

Immediale

Paople exposed on boat

Mq%w
F"!Eh'l 16

17

13

20

18

20

21

22

23

Freguenc

442

0.0022624

Slrikes

Slrikes
Non Nav

§gan

£.004

Slrikes at
speed
geenter than|

span

Strikes

Causes

GasiOit

4 Wnols

beidge

1 failure:

Pipeline
ruplure I Iﬂ'ﬂonJ Frequency |Ovicome

Rate from
post and
Jet fire
exposwe
on bridge

0.2

[y

Fatatities from fet,pool fire & calislon

1
¥

20018
head on

l oz

Fatalties from head on cofiision only b
Speed assumed to be >=8 knols

1.55E-08

y 033

| 186E-06

nudge
0.67

minor glance

301609

5.72E-08

4.52E-07

iSpeed assumed lo be 4 knots

Speed assumed to bs >=8 knots

ead assumed to be >=8 knots
Falaiilies from nudfging fendars only c
Spead assumed to be >=8 knols
Fatafilles from glancing fenders only d

Speed asatened lo be >=8 knols
Severe glancing Impact onto struclure e

Pipekng rupwres (NG or WO) a
Fataflies from st pool fire & cofision

T.01E-09

Fatafities from head on cokislon only
Speed assumad lo be >=8 knots
FalaKies from head on coliston enly
Spaed ascumad io be >=B knols

T

minor glance
005

Outcomes

1.85€-08

3.70E-08

253657 |

2.25E-03

Falantias trom head on colislon only
ed agsumed to be >33 knots
Fatahties from nudging fendess only
eed assumed to b >=8 knots
|Falaklies from glancing {endess only d
Spead assumed to be »=8 knols

Severe glancing impact ondo slrutture  |e
Spsed assumed lo be 4 knals
Boal passes under biidge t

T

2,25E-08

IT’I"peina ruplures (NG or WO) a

Fatajties from head on colislon only b

Falaklios from head an colision only b

No, of
falabties

PLL

Rate from
pocland
et fire
expasure
on boat

No. o*
fatadlies

PLL

Boat
Co¥ision
Glancing

Fatatity
Rate

16

18

16 1.12€-07

320

05 160

05 150

1.128-06

No. of
fatakties

PLL

8oat
Cofislon
HeadOn
Fatakty
Rate

320

0.33
033
033

0.33

No.of
fataities

PLL

320
106
108
08

108

106
106
108

108

1 83€-08

317607
741607

Totai No.

of fataiilins|

281.6

105.6

105.8

1068

281.8

105.6

wss

1058

Total PLL

1 63E-08

1.5S€-D8

7.41E-07

Freg

1.55E-08

3.01E-09

7.01E-09

~s0noTBR

Check sum{ 2.265:03 |
cool

Natural gas # Ol plpeline

Head on colison > & knots

Nudping cotision > 8 knats

Glancing cobision > 8 knols

Severs glancing Impact onlo structure, LOP
Stralght tivough

Total PLL  3.93E-08




Event tres for passage through Framantle Bridge
3]

Boat Name : :
Cads vipozup i
Oeslgn Opllon 2 Witanlng of navigation spans People exposed on boat :
Upstroam of bridg, traveliing inta the harbour Peaple exposed on bridge Immediate 1
Events Conssqusnces Bridga Conisequencss 8oat ¢
1 2 3 4 3 [ 7 8 9 10 W] ol 13 14 Ealiing s 17 18 18 20 18 19 20 23 22 23
Rate from Rate from Boat Boat i
Sirikes at pool and pool and Cotllision Cotiislon
Strikes | Strikes speed Causes | Gast0il 1ol fira Jel fire Glancing Head On N
Nav | NonMav | greater than| Strikes Fipelne| exposwe f No, of exposure | Na, of Fatafity No. of Falality No. of Tolal Na t
Frequency | Span span 4 knots bridge | I falloce | rupture | Ignition| Frequensy{Owtcome on brid Jatabities PLL onboat | falastles PLL Raje fatakties PLL Rate | fataflies | PLL _lof falanies| Tolal PLL | Freg ;
16 320 320 320 h
0.3 Flpeline ruptwras (NG or WO) " 1 16 025 &0 Q33 108 2018 4
05 Y Eatallies from fst past fire & colision 1
y 0.7 Falallties from haad on cofislon only b 03 106 10586 i
n Spood assumed lo be >=8 knots ‘
] 0.5 Fatalilles from haad on colislan only b 023 108 1058 H
0.0018 [ Spoed assumed 1o ba >=B kiols
head on 1 7.35E-00 |Fataiitios from head on colision only b 633 108 77607 1056 7 76E-07 | ¥ a5E-08 {
1.0 n Speed assumed to be >=8 knots i
¥ 0.33 1.38E-08 |Fatakties from nudging fenders oply ¢ i
0.002 rudge Spasd azsumed ta be >=8 knols |
y a.07 2 72E-06 {Fatultivs from glancing fendety otdy d i
oA lanice o roees | SEmd mnauted (0 b a8 gty :
442 nun 710807 | tiavate gianainy lupact ontu wliuctore  [w
" Biomed weatmind v e 4 Jnite i
B ] S02E A0 [Pipakne aplivan (NG 6 WO} n + in twron| b = LR Y] [IR1] e awron] aMa ponr 0f | odE D
0.5 | ¥ Fatallins from [al pool fire & cokslon
0.0022624 y 0.7 _ | 1.17E.09 |Fatakiies from head on cokision only b 03 100 1.24€6-07 1056 1.24€-07 | v.17€-08
1 n Speed assumed to be >=B knots
y 05 1.87E:09 {Fatakties from head on colision only b 033 106 1776-07] 1056  1.77E-07 | 1.67E-09
00018 n Speod acsumad o be =8 knats i
head on Fatalilies from haad on cofislon only b 0.33 106 1058 l
n Speod assumed to be >=6 knots -
0.33 6.19E-07 |Fataities from nudging fenders only c i
nudge Spned assumed lo be >=8 knols .
0.67 1.24E-06 |Fataklies Irom glancing fenders only d
minor glance Speed assumedto ba >=8 knota
Q.05 $.78E-08 [Savere glancing impact onlo structure e
a Speed assumed to be 4 knots
0 9891 2.26E-03 |Boat passes under bridge 1
n
8.52E-08
Outcomes Check sum| 2.266-03 | Total PLL  1.24E-08
coot -
a  Natual gas / Oll pipeline i
b Head on cotison > 8 knots .
¢ Nudging colision > 8 knots i
¢ Glancing colsion > 8 knols :
e Severe plancing impact onto structure, LOP !
1 Steaight through :

t
i
i
H
!
i
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Evert troe for passags through Fremantls Bridge

B

4.13E:08

3.26E-07

Speed assumed to ba >28 knets
Falafilies from nudglng fenders only
Spaad assumed o de 8 knols
Fataktles from glancing fenders ooly
Speed assumedla ba >=8 knols
Severe glancing Impact orto structure
Speed assumed lo ba 4 fnots

2.50E-03

Boat passes vater bridge

9.60E-08

cool

Boat Name : Vessel 2
Coda V2 ba1 up
Dasign Option 4 Addition of dolphias and fendar strengthening People exposed on boat
Upstream of bridge, traveling Into the harbour People exposed on hiidge Immediate
Events Conssquencas Bridge Conssquencag Boat
1 2 3 4 s [ 7 8 9 10 U galdy l 13 14 E£alfity ‘6 17 18 19 20 18 19 20 21 22 k]
Rata from Rate from Boat Boat
Strikes at pool and pool and Co¥slon Colision
Strikes | Strikes speed Causes | GastOlf Izl ire Jet firs Glanging Head On
Nav | Non Nav fgreatet than] Strikes Pipeliaz| exposwre | No, of exposura §  No.of Fatafty No.of Fatakty No, of Total Na,
Freguenc Span span 4 knols bridge | taliwre | euplure | ignitton] Fragusncy|Outcome on bridge | falalllus PLL onboat | tatsities PLL Rate fstaylias PLL Rats fatadlian Pt Jof Inlahlluy TotalPLL]  Freg
18 10 210 210
03 Pipekine ruplures (NG of WO) a 1 6 0.25 52.E 0.2 42 1Hos
os [ vy Eatasiies fromal,paol ite & colisfon__|
y {07 Fataiillas from head on colision only b 0.2 42 42
n Speed assumadto be 28 knols
y 0.5 Fataltios from bead on cosion only b a2 2 42
0.6018 n eed assumed to bo >=8 knots
head on 1 9.21E-08 [Falatlies from head on colision only b 02 42 J.87E-06 42 1.97E-08 | 6 21E-08
1.0 n Speed asswmed Lo ba >=8 knols
y 033 1.70E-05 |Fataktios from nudping fenders only ¢
0.02 nudge Spand assumad lo be >=8 knols
y 0.67 3.40E-05 |FataXties from glancing fendors only d
minof glance Spoed assumad to be =6 knots )
360 o003 2 69E-00 |Sevare glanclng Impact onlo sttuctue o
0 O tnneil o by 4 htoly
§ 8700V Hlipafine tptieme (NG or WO3 . [} W a2t 08 020 (<13 MRGIN{TS 0y 42 701 1Mha IBEQT 1oL an
Entatins hom jalpoud fire & culision
0.002564) 3.91E-0% |Fataktles from head on colislon only b 02 12 1 64E-07 2 104E.0/ | 3.916-08
Speed asswnad {0 be >=8 knots
§.58E-09 {Fatubties from haad on coliision only b 0.2 42 2 34E-07 42 2 34E-07 | 5 58€-00
Spesd ascumed to he >=5 knols
Fataltios (rem besd on cotislon oply b 02 42 42

Severe glancing impact onto struciure, LOP

n
0.9874
n

Outcomes Check sum
a Natueai gas 7 O}l pipeline
b Head on colisen > 8 knots
c Nudging colislon > 8 knols
d Glancinp colislon > 8 knots
®
f

Straight through

Tolal PLL 4.60E-06




Evant tran for passage thwolgh Fremantle Bridge
Boal Name 3 1
Code v2po1D
Dasign Opifon 1 Addiion of dolphins and fender strengthening People exposed on hoat
of bridge, 3 from the harh People exposed on bridge Immediate
Everts Conssquencas Bridga Consequences Boat
1 2 3 4 5 8 7 8 8 10 11 ¢,1_§[;, 13 14 Eald i8 17 18 19 20 18 ki) 20 21 22 23
Rale from Rate from Boat Boal
Strikes at oot and pool and Colislon Cotiston
Sikes | Slrikes speed Causes | Gas/Oit Jet firn Jat fre Glancing Head On
Nav | NonNav | greatar thani Sirlkes Pipeine exposwwre | No. of exposwie | No. of Fatality No. of Fatakity No, of Total Na,
Fraguency | Span span dxnets bridge | fabuce | ruptie ] Ignltion) Fraguency jOutcams onbridge | falsbles PLL onboal | fatalties pLL Rate fatalilies PLL Rats fatakitios PLL gr_l_algﬂM | _._Frag |
18 210 2t0 210
0.3 [ Pipeline fupturas (NG or WO) a 1 18 05 105 0.2 42 163
1 ¥y Falaiities fram fet pool fire & cofision
y 07 Fataklles from head on collision onfy tg 0.2 42 42
n aed assumed to be >=8 knots
¥ Falallles from head on co¥ision only b 0.2 42 42
0.0018 n Spaud assumad to be >r8 kaols
head on 1 1.75E-08 |Fatafities from head oa coldslon only b 02 42 737€-07 42 7 37E-07 | 1 75E-D8
1.0 n Spoad assumed o be >=8 knots
¥ 0.33 3. 24E-06 |Fatalities from nudging {enders only ¢
0.004 rwige Spsed assunred {o ba >=8 knots
y |_ 087 0.48E-08 [Falalillen fram glanchig lerciers only d
minat Glance e ae ]S
%0 (K] 3 13k-07
0 e |Sl0Pt mesme Jo Lo At
0.3 { 3.41E-08 |Plpslina rupluras (NG or WO) a 1 18 127607 05 105 8.45E-0/ 02 42 1 43k-07 [LX] 11000 | J41E QU
1Ty Falaklles from jel,pool fire & colision
0.0025641 y 0.7 | 7,95E-09 [Falallies from head on cofislon only b 02 42 3.34E-07 42 3.34€-07 | 7.95E.09
1 n Speed assumed lo be >=8 knols
y Fataktles from head on colislon only b 02 42 42
0.0018 n od m3sumad {o ba >=8 knols .
head on Fatafllas from head on cofision only b 02 42 42
0.95 a eod assumed to be >=8 Inats
0.33 2.10E-06 |Fataltles from rudging fendars only L3
nudge Spoed assumed to be >=8 knots
0.67 4.20E-06 |Fatadties from glancing fenders only [
minor glance Speed agsumad 1o be >=8 knots
0.05 3.32E-07 |Severa glancing impact ondo structure e
eed 2ysumed to be 4 knals
2.55E-02 {Boat passes under bridge T
n
2,55E-08
Oticames Check sum{ 2 56E-03 | Total PLL 2.186-08
eool
a Natural gas 7 Oll pipekine
b Head on collison > 8 knols
¢ Nudging cotision > 8 imols
d Glancing colislon > 8 knels
a Severe ghancing Impact onto slructure. LOP
1 Siralght through

i
i
i
i
¢




Evant tree for passaga through Framasntle Bridge

Boat Name : Vasset 2
Code V2 po2ur
Design Optlon 2 Widening of navigaiion spans People exposed on boat
Upstream of bridge, lravsiiing lnto the harbour People eaposed on bridge Immediate
Evenis Conssgqusnces Boat
1 2 3 4 5 8 7 8 k3 10 pam;. ' 16 17 16 18 20 18 18 20 21 22 2
Rate from Boat 8oat
Strikes at pod and Coliislon Col¥ision
Strikes | Strikes speed Cavses | Gas/Qil Jet fire Glancing Head On
Nav | Non Nav|greaterthani Strikes Pipoline; expesue | to. of Fatality No_of Fatakty No. of Total No.
Frequenc: Span span 4 knots bridge | |failre | rupture | Ignitiont Frequency | Oulcoma onboat | fataktes PLL Rate fataklies PLL Rats fatalitles PLL__[olfalakties]| TolalPLL | Freg
18 210 210 Q0
03 Pipefine ruplwes (NG or WO) a 16 0.25 528 0.2 42 105
0.5 y Fataiiles from jet,pool fire & colision
y 0.7 Falaltles from head on coliston anly b 02 42 42
n Spoed assumed to be >58 knots
y a5 Fatakties from head on catision only b 6.2 42 42
0.0018 n Speed assumed to be >=B knots
head en 1 8.33E-09 |Fatalitfes from head on calisicn only b 02 42 3.50E-07 42 A.50E-07 } 8.03E-00
1.0 n Speed assumed to ba >=8 knals
y 0.33 1.54E-08 [Fataklies from nudging fenders only c
0.002 nudge Spend assumed o bs >=8 fnots
y 0.67 3.08€-08 JFataklies from glancing fenders only (]
ninoy glance Speed assumed to be >=8 knots
330 0.05 2.44E-07 |Severe plancing impact onto slructuee |0
n Speed assumed to be 4 knols
0.3 | 5.69E-10 |Pipeing ruptwes (NG or WO) a 16 2.12E-08 .25 52.5 697E-08 02 42 2.29E-D8 105 1.15€-07 { 5.80E-10
0.5 y Fataities from {el pool fire & calision
0.0025641 y ] 0.7 ] 1.33E-09 1Falalﬂes from head on collislon enly b 0.2 42 5.58E-08 42 5.58E-08 | 1.33E-09
1 [ Speed assumed to be >=B knats
y 05 1.80E-00 [Fatakiles fom haad on cofision only b 0z 42 7 06€E-08 42 7.96E-08 | 1.60E-00
0.0018 n Spoed assumad ta be >=8 knots
head on Falalities from head en cotision only b 02 92 42
0.95 n Spanrd assumed 1o be >=8 kriots
0.33 7.01E-D7 [Fatakties from nudging fenders only c
nudge Speed assutied lo ba >=8 knots
0.67 1.40E-08 |Fataities from glancing fenders only d
minor glance Spead assimad to be >=8 inols
0.05 1.11E-07 |Severe glancing impacl oo struclure  Je
n 1 eed assumed to be 4 knots
2.56€-03 [Roat passes under bridge §
n
9.86E-09
Outcomes Check sum Tolal FLL 6.00E-07
cool
2 Natural gas 7 Oli pipetine
] Head on colison > 8 knols
c Nudping colision > 8 knots
d Glancing colislon > & knots
e
]

Sevete glancing Impact onto siruclure. LOP
Steaight through




P oy e

Evert tres for pacsage through Fremantls Bridgs

Bodl Nams : Vessel 2
Code yzpozo
Dasign Option 2 Widening of navigation spans People exposed on boat :
D of biidgo, Hling from the harbour Paople sxposed on bridge Immediate .
Evants Conseguences Bridge Consequences Boat {
| 1 2 3 4 5 6 7 8 8 10 1 p,]aa:, 1 13 14 g:&lr 18 17 18 19 20 18 19 20 24 22 22
Rate from Rate from Boat Boat :
Steikas at pool and peoofand Calislon Colislon
Stikes | Strikes spoed Causes | GasiOil Jol fire Jet firo Glancing Heoad On
Nav | Non Nav |greater than| Stikes Pipelne| exposure | No. of uipostye | No, of Fatalily Ro. of Fataly No of Total No
Fiaguenc Span span A hnots bridge | !{alhws | ruplueg | [poltion| Freguency {Otkcome on brd talaklise PLL onbioat | fulufilles PLL Rate falakliny PLL finte falablics PLL_ |offalapties| Totat PLLE  Frag
18 210 210 210
03 Pipeline ruptwes (NG or WO) 2 1 18 D& 105 Q.2 42 183
1§ ¥ FataNties from jel ool fits & colision
y 187 Fataties front hoad on cofislon only b 02 42 42
n Spoed assumsd o be >=8 knols .
y Fatabtius from hoad on colision only b 0.2 42 42
00018 L oad sesumed to bs >=8 knols ]
head on 1 om .| 8.33E.-00 [Fataliles from hoad on collsion only 1] 02 42 3 50E-07 42 3 0607 | & 33E-Ol i
10 n eed assumod 16 bo >28 knots. 1
y 0.33 1.54E-06 jFalakiles from nudging fendars only c l
0002 udge Sgeed assumed 1o be >=8 knots. " E
b3 0.67 ] 3.00E-28 |Faludties from glancing fendere anly d :
mitior glance o ns sned o e >eB oty |
k12 .00y e . 2 44L 07 |Savare gancing mpuet enlo shislie e :
1} p—— L £ DL U R 8 CO—.
0.3 | 1.14£-00 {Pipekne ruptves (NG or WO) » b 18 4.25€-08 0% 105 278607 u2 a2 4 THE-OX 183 I 89E-07 § 1.14E-00 :
[} y Fatalties from fet,paol fira & colision
0.0025641 y |07 } 2.65€-09 [Fatalties from head vn colision only b 0.2 42 1.426-07 42 1.12€-07 | 2 65E-00
1 G Speed assumed to be >=8 knots
y Fatatitles from head on coSiston only b Q.2 4?2 42
Q.0018 n Speed assumed la bs >=8 kicls
head on Fatallins from head on colision only b 02 42 42
0.95 n Speed assumed 1o be >=8 knots
y 0.33 7.01E-07 (Fatalittes from nudping fenders onty 3 !
nudge Sgeed assumed |0 be >=8 knots H
0.0009 0.67 1.40E-06 |Fataities om glancing fenders only d :
¥y méno glance Speed assumed lo by >=5 knols
1.00 0.08 1.41E:07 {Severe glancing Impact onlo structure e
n 3 |Speed assumed to be 4 knots
0.9991 2.56E-03 jBoat passes under bridge u
n H
1.10E-08 !
Outeomes Check sum Total FLL 8.30E-Q7
conl i
a Natural g2s ¢ Ol plpeline i
b Head on caliison > 8 knots
3 Nudging cokislon > 8 knols
d Glancing colsien > 8 knols i
F] Severe glancing impact onto steucture, LOP 1
1 Stralght through
¢
o N

N ~—
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Event trao for passage through Fromantls Bridge
Bont Namo ¢ Yossel 3
Code Yapo1up
Design Optlon 1 Additlon of dolphins and fonder strengthening People oxposed on boat
Upsts of bitdge, ing knta the People exposed on bridge Immediate
Evenhts Conssquences Bridge Conseguencas Boat
1 2 3 4 5 [ ? 8 9 10 1) oty ] 13 14 Ealfity 16 17 18 19 20 18 18 20 21 22 2
Rate from Rate from Boat Boat
Stries at pool and poot and Cofisian Conslon
Strikes | Strikos speed Causes | Gay/Qif Iet fire Jet fire Glancing Head On
Nav | NonNav{greaterthan| Strikes Piptlino oxposwe | No. of oxposura | Na, of Fataiity No. af Fataity No. of Total No.
Frequency | Span span 4 knats bridge } i failure | ruptors ency [Outcome on bildge | fatakiles PLL onboat | fatafitfes oLl Rate fatalilies PLL Rale | tatallies PLL _ fol fatakiesi Tetal PLL]  Freg
16 225 28 225
0.3 Pipeline ruplures (NG or WO) a 1 16 0.2% 56.25 0.2 45 17.25
o5 [y Falailies rom jet poct fire & collision
y Loz Fatakties from head on coliision only b 0.2 45 45
n Speed assumed {o be >=8 knols
y [¢X1 Fatakties from head on cotision only b 0.2 45 45
_0.0018 n eed agsumed to be >=8 knots
head on 1 9.21E-08 [Fatakties from head on colsion enly B 0.2 45 4 14E-08 45 4 14E-06 | 9.21E-08
1.0 n sod assumad to be >=8 knots
b3 0.33 1.70E-05 [Fataktlies from nudging fenders only c
0.02 nudga Spead assumed ta bo >=8 knots
y 0.67 3.40E-05 |Falalilies from glancing fenders only d
reinor lance | ______ISpeedassumedtobeszginots
380 0.05 2.G5E-06 [Sevese glancing impact orito struclure  fe
n {Speed assumed to be 4 knots
0.3 | 1,67E-08 |Pipeiine ruptures (NG or WO) a 1 16 B825E-08| 025 §6.25  2.20E-07 0.2 45 7.50E08| 117.25 358607 1.67E.09
05 [ y Fautalities from Jet ool fre & colisfon
0.0025841 y | 0.7 | 3.91E-09 |Fataklies from head on colision only i 0.2 45 1.76E:07 45 1.76E-07 | 3.91E-09
1 n Spesd assumed fo be >=8 knols
y 0.5 5,58E-09 [Fatailles from hoad on co¥ision only b 0.2 45 251E-07 IT 251607 | 5.58E-00
0.0018 n ood mssumed to be >58 knots
Fataitles from head on colislon only b 02 45 45
n eed assumed Lo ba >=8 knots
0.33 2.05E-06 | Falalitles from mudging fenders only e
nudge Spead assumed lo ba >=8 knots .
0.87 4,13E-08 |Fatakties from glancing fenders only d
minof glance Speed assumed to be >3 knots
005 3.26£-07 }Severa glanting impact onta structive  |e
n Speed assumed ta bo 4 knots
2.50E-03 {Boat passes undes bridge t
n
9.00E-08
Outcomes Check sum{ 2.56£-03] Tolal PLL 4.93E-06
caol
a Natural gas / Ofl pipetine .
b Head on eo¥ison > 8 knots
13 Nudging cofislon > 8 knols
d4 Glancing cokition > 8 knots
]
{

Sevete glancing impact onto struciure, LOP

Stralght llvough




/

Event iras for passage tiwough Fremanils Bridge
Bont Name : Vessel 3
Cods vapoio
Dasign Optlon 1 Addition of and fendsr heph People exposed on boat
D of bridge, Ying from the harbour People axposed on bridge Immediate
Events Conssquentes Bridgs Conssquences Boat
1 2 3 4 S ] 7 8 9 10 13, 14 3 l i6 17 18 18 20 18 19 20 21 22 2
Boat Boat
Strikes al Colision Coliston
Strikes | Svikes speed Causes | Gas/Ol Glancing Head On
Nav | NonNav [ greales han] Stikes Pipeline No, of sapnswe | No. of Fatalty No. of Fatality Ho. of Total No.
Frequency | Span $pa0 A knols bridge _§ 1 failure | rupture j tgallion| Fraquency |Outcome fatalllios PLL onboal | (alalities PLL Rale fatalitiss PLL Rate | fataities | _PLL _ lof fatabties] YolalPLLE Freq |
18 225 225 225
0.3 Pipeline tuplures (NG or WO) a 1 i8 0.5 112 02 45 173.5
1 y Fatakllas from let pool fire & colislon
y 0.7 Fatakties from head on cofision only b D2 45 45
n sed assumed o be >=8 knols
¥ Fatatiliss from head on colision only b 0z a5 45
0.0018 L] Speod assumod io be >=8 knats -
head on 1 1.75E-08 [Falakties from head on ¢olision only b 02 45 7 89£-07 45 7.898-07 | 175E.08
1.0 n Spead assumedto bs >TB knots
y 033 3.24E-06 {Falakities from pudging fenders only c
0.004 nudge Speed assumed to be >=8 jnols
v 0.67 B.48E-06 |Falakiles from glancing fendess only d
minor plance Spast assumed {0 be >=8 knols
300 |__005, e e 5 138:07 |Sw yancing impscl onla stuclve |
n Spawd assuntto by 4loke
03t 3HIE.G0 |Pipstine ngdurws (NQ ot WO) . 1 10 1278 ¢ oo 1329 OvdtIv [V 45 1041 o/ 1136 137060 ] 3410 Ou
1 f y Falakilies from jet.pool fire & colislon
0.0025641 y 0.7 | 7.95€-09 [Fataities from head on colision only b 0.2 45 3 53E-07 45 3 56€-07 | 7.05E-08
1 n Speed assumad to be >=8 knots
y Fatakties from head on cofision only b 02 45 45
0.0018 n 00d ¥ssumed 10 ba >=8 knols
head on Falatilies from head on colision only b 0.2 45 45
08s n Speed assumed lo be >=8 knots
0.23 2.10E-08 [Fataitles from nudging fenders only c
nwdpe Speed assumed to be >=8 knots
0.67 4_20E-08 |Fatafties from glancing fenders only d
minor glance Speed assumed to ba >=B knots
.08 3.32E-G7 [Severe glancing Impact onlo struclure  |a
n Speed asgumad Lo be 4 knots
2.55E-03 [Boat passes under bridge f
n
2.55E-08
Outcomes Check sum Total PLL  2.32E-08
eool
a Natural gas f Qil plpeiine
b Head on cokison > 8 knols
< Nudging calisien > 8 knols
L] Glanclng cetision > 8 knots
3 Severe glancing impact onto structure, LOP
1 Stralghl ihrough
S TN
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Event trae for passage through Fremantle Bridgs
[

Boat Name :
Cods V3 DO2 Up
Daslgn Option 2 ‘Widaning of navigation spans Peaple exposed on boat
Upstream of bridge, travetiing into the harbour People expased on bridge Immediate
Evants Caonssquences Bridge Conssguencas Boat
1 2 3 4 5 3] 7 8 9 10 11 p,)_%ly ‘ 13 14 _:_uu’_‘ 18 17 18 19 20 i3 19 20 23 22 23
Rate from Rate from Boat Boat
Sirikes at pocl and poel and Colislon Colislon
Strikes | Strikes sgeed Causes ] Gas/Oit Jet fire et fire Glancing Head Cn
Nav | NonNav {greaterihan| Strikes ipeh expaswra | No. of oxposwe | No. of Fataity No. of Fatality Na. of
Fraguent Span span 4 knots beluge ] | falkuice § cupture { Ignilion] Frequency |Owteome on bridgs | fatallles PLL onboat } fataftles PLL Rale fatalilies PLL Rata fataklies PLL  [of fatakities) Total PLL Freq
18 225 225 225
03 Piprhne ruptures (NG or WO) a 1 16 0.25 58,28 02 45 11725
os [y Falalilies from jetpoo! fire & cotision |
y |07 Fatalilies from head on colisiononly  [b 02 45 45
n Speed assumad 1o bs >=8 knots
b2 0.5 Fatlahlies from head on cosision only b 02 45 45
0.0018 n Speed assumed to be >=B knols
head on k3 8.33E-09 |Fatalitles frem head an cokision only b 0.2 45 3756-07 45 3 75E-07 | 0.33E-08
1.0 n Speed assumed 1o be >=8 imots
y 033 1.54E-08 |Fatafties from nudging fenders only <
0.002 nedge Specd assumed ta be >=8 knots
y a.57 3.0BE-08 |Fatahties from glancing ferkiers only d
minor plance Speed assumed ta b >=8 knots
390 0.05 2.44E-07 Severe glancing impact onto structuce  |e
n Speed assumad to be 4 knots
0.3 | 5.69E-10 |Pipeline numures (NG or WQ) 2 1 18 212E08| 025 8625  7.47E-08 02 45 256E08 [ 11725 122607 | 5.608-10
o5 [ 12 Fatalifes fromjetpool fire & colision
00025641 ¥y 0.7 | 1.33E-09 [Fatakities front head wn colslon only It 0.2 45 597€:08 45 5 97E-D8 | 1,33E-09
1 n Speed assumed to be >3 knots
¥y 95 1.20E-0P {Fatakties from head on cofision only b 02 45 8 53E-08 45 8.53E-08 | 1 BOE-0B
0.0018 n Spead aysumad to be >=6 knots
head on Falablies from hoad on colision only b 02 45 45
0.85 n Speed assumed to be >=8 knels
0.33 7.01E-07 [Fatafilies from nudging Tenders oply c
nudpe Speed assumed to be >=8 knots
0.67 1.40E-08 [Fatahties trom glancing fenders enly L]
miney glance Speed assumed to be >=8 knots
005 1.11E-07 [Severe glancing Impacl onlo stakclive |
n eed assumead to hie 4 knots
0.9991 2.56E-03 }Boat passes under bridge i
n
9.66E-09
Outcomes Cheek sum Tolal PLL 641607
col
2 Nalural gas / Oil plpefine
b Head on eofison > § knols
e Nudging colision > 8 knolé
d Glancing ¢olision > 8 knots
e Severe glancing tropact onto struclure, LOP
f  Siaight lhrough




Event tree for passage lhraugh Framantls Bridgas
Bost Name ; 1.3
Cods V3po2p0
Design Option 2 Widening of navigation spans People exposed on boat
of bridge, ing from the harh Peopla exposed on bridge Immediate
Events Consequencas Bridge Consogusncas Bart
i 2 3 4 5 § 7 8 9 10 i : ' 13 14 Ealfty | 18 17 18 19 20 18 19 20 29 22 23
Rate from Boat Boat
Strikes at pool and Cotision Cotision
Slrikes | Stikes Causss | GasiOit ot fire Glancing Hoad On
Nav | NonNav Slilkes | Structwal Pipel exposwrs | No. of exposwe § No. of Fatality No of Fatatily No of Total No.
Fraguancy | Span £pan brldge | |fallwre | suplure {1 Ouicoms on biidge | falalitles PLL onbout } fatatiles PLL Rale fatatities 118 Rato | fatatites | PLL _ |of tatalilles] YolslPLL| Frey |
18 2% 228 225
Pipeline ruptures (NG or WO) a 1 16 05 1nzs 02 45 1735
1 Fatalties from et poof fire & coislon
Y Fatasties from head on cotision only b 0.2 45 45
Spead sssumad to ba >=8 knots
y Falakties from head on colision only b 0.2 45 45
_D.0018 n Spead asvuniad lo be >x8 knols
head on 1 8.33E-0D [Fatakllns from haad on colfsfon only b 02 45 175807 LE] 3.75C-07 | 8 JIE-09
1.0 n eod assumed la be >=8 knols
y 0.33 1.54E-06 jFalakties from nudging fendars oty ¢
0.002 nudge Spend agsumed to be >=8 knots
y 087 3.088-06 [Falaklies from glancinp fenders only d
minor glance Speed sssumat o be >=8 knols |
0 _ oS . 2441-07 [Savare ylancing iopaot unlo stuclue e
D o [GEd payiie i e d bily
LU 4L | Ppskne gt es (NO 1 WO) 13 1 n A28 U 0o 1o o0 ur ny an [ FLiT 1738 W02 1 948 U
(| Fatahtlos from Jot poo! fire & colislon
0.0025641 y 0.7 | 2.65€-09 |Fataktles from head on colision only b 0.2 45 1 10E-07 45 3.19E.07 | 2 85E-00
1 n |Spaed assumed to be >=8 knols
y Fataktias from hzad on colision ooty 5 0.2 45 45
0.0018 n Spand sssunad o be >=8 knots
head on {Fatabties fram haad on cofision only b 02 45 45
n Speed assumed 1o be >=8 knots
0.33 7.01E-07 |Fatalilies from nudging {enders only <
nudge Speed 35sumedio be >=8 knols
0.87 1.40E-08 |Fatatlies from glancing fenders anly d
minor glance Speed assumed to be >=8 knols
1.14E-07 |Sevare glancing impact anto struclurs  Je
Speed assumedto be 4 knots
2,56E-03 |Boat passes under bridge f
1.10E-08
Outeomes Check sum{ 2.566:03 Totsl PLL 8.87E-07
cool
a Nalura) gas { Ol pipesine
b Head on cofison > 8 knots
[ Nudging colision > 8 knols
[ Glaneing cotision > 8 knols
e Severn glancing impact onto structure, LOP
1 Straight Ihrough
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Evar trae for passage thvaugh Framantle Bridge
Boat Hama @

Cade V4 DO1 UP
Dasign Option 4 Addition of delphins and fander People expased on boat
Upstream of bidga, traveliing inta the harbour People exposed on bridge Immediate
Events Conssquences Bridgs Consequonces Baat
1 2 3 4 5 8 7 8 9 19 13 14 £alfy l 16 17 18 19 20 18 i9 20 21 22 23
Rate from Boat Boat
Steikes at pool and Coliision Cotislon
Sirikes | Strikes speed Causes | Gasfoll jet fire Glanting Head On
Nav | NonRav}greater thanf Sidkas |Strucluca}Pipeline No, of exposure | Ne.of Fatality Neo. of Fatakty No. of Telal No,
Freguenc: Span span 4 knots bridge | tlaikre b rusture I Ignition} Frequency jOutcome fatalities PLL ondoal | falaities PLL Rala falakllas PLL Rals {atadtios PLL__ fof falakties| Total PLL| Freq
16 200 200 200
0.3 Plpeline ruptures (NG or WO) 2 1 1% 0.25 50 @33 [ 132
0.5 ¥ Falallies from Jet,oool fire & cedision
¥y 0.7 Fatalilies fram head on colision only b 0.33 88 66
n Speed atsumed to he >=8 knols
¥ 0.5 Fatallles from hzad on colision only b 0.33 66 88
0.0018 n Spead assumed {o be »=6 knols
head on 1 4.60F-08 |Fatakties from head on cofiislon only ] 033 a8 3 Q4E-08 56 3.04€-08 | 4.60E-08
1.6 n Speed asstuped jo be >=8 knols
y 033 8.5$E-08 |Fatakties from nudping feaders only [
0.02 audge Sposd agsumed to be >=8 knots
¥ .67 1.70E-05 d
minor glance
780 0.05 1.35E-08 [Severe glancing impact onlo structure e
n Speedassumedtabednols |
Q.3 | 8.37E-10 [Pipeline ruptures (NG or WO} a { 16 3.126-08] 025 50 9.77€-08 033 88 5.52E-08 132 1.84E-07 { B.37€-10
s y Fatasties from jet,paol fire & colision
0.0012821 y Q.7 { 1.95E-09 |Fatafties from head o cofisiononly  |b 033 66 1.29E-07 &6 1.29E-07 | 1.95E-09
1 n Speed assumed to be >=3 faols
y 0.5 2.79E€-09 (Fatatllas from head on cokislon only b 033 68 1.84£-07 88 t.84E-07 | 2 79E-09
2.0018 n Spuwil aasumad lo be >=8 knots
hozd 0n Falaities from hoad en eolislan only b 0u3 es 88
0.85 R Speed assumed to ba >=8 knots
033 1,03E-08 |Fatakittes from nudging fenders only ¢
nudge Speed assumied to be >=8 knols
0.67 2.08E-08 [Fataktles fram glancing fenders only d
minot glance zed ascumed o be >=8 knols
0.05 1.63E-07 {Savere glancing impact onto struclure  |e
a Speed assumed to de 4 knols
1,26E-03 [Baat passes under bridge 1
[
4.80E-D8
Gutcomes Check sum[ 128803 ] Tolal PLL  3.546-08
cool
a Nalural gas / Oif pipekne
b Head on cobison > 8 knots
c Nudging coBision > 8 knots
d Glancing colision > 8 kneis
e Severe glancing impact onto structure. LOP
f  Staight ivough
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Event res for passags {hrough Fremantle Bridge
Boat Nama 1
Cody v4o02up
Dasign Optian 2 Widening of navigation spans People exposed on boal
Upsirasm of bridge, traveling inte ths harbour People exposed an bridge Immediate
Evants Consequencss Bridge Consegquencas Bost
1 2 3 4 5 [} 7 8 1] 10, 1 c,ﬂb;. 13 14 p‘,v@,;. 16 17 18 18 20 18 19 20 21 22 23
Rate from Rata from Boat 8oat
Strikes al poel and pool and Cotision Colision
Strikes | Strikes speed Causes | Bas/Oil Jot fire Jet fire Glancing Head On
Nav | Non Nav | gceater than} Sirikes Pipeline| miposwe | No. of exposure | No of Fatafty Ne. of Fataity No aof
Freguenc: Span apan 4 knote bridge | Haliwre | ruptwe | tgnillan] Frequancy | Ouicome onbridge | fataklles PLL onboat { fatalties BLL Rale falablies PLL Rale fatadties PLL Freq
16 200 200 200
03 Pipene ruptures (NG or WO) a 1 16 0.25 50 0.33 66 132
as ¥ Fataslies from et poo! fire & colisian
y [ 0.7 Fatalilies from head on coAsjon enly b 0.33 66 66
n Speed assumed o be >=8 knols
y 0.5 Fatalilies from head on colision only b 0.33 65 €8
0.0018 n Speed agsumed to be >=8 knols
headon 1 4.17E-09 |Fatakitles from head on colislon only b 0.33 68 275607 66 2.75E-07 | 4 17€-08
10 n | Speed assumod to be >=8 knats
¥ 033 7.70E-07 {Fataitias from nudging fanders only c
0.002 nudge sed assumed to bs >=8 knots
y .67 1,54E-06 |Fatalilies from glancing fenders only d
minar glance Speed assumed o be >=8 knols
780 0gs 1.226-07 |Savere glancing impact ont struclve  Je
n end assumed to be 4 knots
0.3 | 2.84E-10 [Pipeline ruptures (NG of WO) a 1 18 106608 025 S0 3.32E-08 033 €6 1.896.08] 132  @.26808 | 2.045.10
05 Fatailles from Jet,noo! fire & colision
0.0012821 y 0.7 } 6.64E-10 |Fataities trom head on colsion only b 033 88 4.38E-08 86 4.38E-08 | 6.04E-10
1 n Speed assumed to be >=8 knots
y 05 2.A48E-10 Fatatties from head on cokislon only b 033 6a 8.28E.08 86 6.266-08 | 9.488-10
0.0018 n nad assuned 16 be >=8 knols
head on Falallies from head on colision anly b 0 66 80
0.9 n Speed assumed to bs >=8 knols
y 0.33 3.51E-07 [Fataitles from nudging fenders only c
audge Speed assumed to be >=8 knots
0 0008 0.67 7.01E-07 |Fataitles from plancing fenders only d
¥ minof glance eed assumed to be >28 knots
1.00 0.05 5.55E-08 Severs glancing impact onlo struclure e
n n ead assumad (0 b 4 knots
0.684% 1.28E-03 | Boat passes vader bridge f
[
4.83€.00
Outcomes Check sum) : Total PLL A4.446-07
<oo!
a Natwal gas / il plpiefine
] Haad an cokicon > 8 knots
e MNudging coliclen > 8 knots
d  Glancng celision > 8 knots
e Severe glancing Impact onto struclwre, LOP
1 Straight through




FYes

o

Evait tean for passaga throtigh Framantle Bridga .
Box Rame : Vessel 4 L

Code v4po20 !
Design Option 2 Widening of navigation spans People exposed on boat :
] of bridge, Jling from the hash People exposed on biidge Immediate
Events Consequances Bridge Congaguences Bost |
| 1 2 3 4 5 a 7 8 9 10 | e ity 13 14 :‘.._!ﬁ;, i8 17 18 19 20 18 18 20 2% 22 23
Rate from Ratle from Boat Boal N
Strikes al paol and pool and Calision Colision ;
Slrikes | Strikes spoed Causes | GastOil ot firs et fire Glancing Head On H
Nav | NonNav |graaterthan| Steikes No.of exposura | No, f Fatalily No. of Falally No. of Total No
Frequancy | Span span 4 knols bridge | 1faitws | rupture jignitton| Frequency |Ouicoms fatailiex PLL onboxt | fatadllas PLL Rale _mza:u-s PLL Rals lal;(l;l{l’as PLL_ fof r.:l.lllusl Total PLL| Freg _]
16 00 0
03 Pipefine tuplues (NG or WO) a ] 16 0.5 100 L] 1] 182
i [y | Fatakies from |et,nao} fire & colision
y 07 Fatatlies from head on coflision only b (k3] &6 &8 .
n Speed assumed to bs >=B knals i
y Fataities from head on colition only b 033 88 a8 N
_0.0018 n | Spead assumed lo be >=8 knote H
headon 1 4.176-00 |FataSties from head on colislon only b 03 86 2 75€-07 66 2 75€-07 | 4 \7E-00 1
10 n ead assumod lo be >=B knote |
y 033 7.70E-07 {Fataklias from nudging fendars only (3
0.002 rwiige eed 3ssumed to be >=8 knols
¥ 0.67 1.54E-08 {Fataklios from glancing fenders only d b
minor glance Spaead asewned to be >=8 knols f
780 .__005 e $ 22E-07 |Severe glancinpimpact onto strucive  |e
a T _ |Spestuswmnmdtoby A knots i
.03 3 5 ODE-10 [Pipaline niptives (NG or WO) “ 1 lo 21208 oo 00 1358 7 03 o0 260 he 107 SV U7 | Bkl
1 77y Fatastios from jut pooi fire & cotiston !
0.0012821 y L_07 | 1.338-09 |Fataties from head on colision only 3 033 68 8 76E-08 a 8 762-08 | 1 33E-08
1 n Speed assumed {0 br >=8 knols
[ Falaklies {rom head on colisien only b 033 66 88
0.0018 [ Speed assumod to ba >:8 kncts
head on Fatalitios fram head on coliislon oply b a3 as 86
0.85 n Spozd assumed to be >=B knats i
0.33 3.51E-07 {Fataktlas from nudging fanders only e ¢
nudge Sperd assumed o be >=8 knols :
0.87 7.01E-07 [Fatablies from glancing fenders onty d
miner glance Speed assumed to be >=8 knols :
0.05 5.55E-08 |Severe glancing impact otto struclive  |e
Speed assumed to be 4 knets :
1,28E-03 |Boat passes undor dridge t
n
5.49E-09
Oulcomes Check ﬂm_ml Tolal PLL 5.54E-07
cool
a Natural gas 7 Oil plpegne
b Head on colison > 8 knols
4 Nudging colision > 8 knots
d Glancing colision > 8 knots
® Severe glancing impact onlo struciure, LOP
f  Straight tivough
1
¢



Evend tres for passagas through Fremantte Bridge

Boat Name ; Vessel 5
Coda V4 DD UP
Deslgn Option 1 Addition of dslphins and fender gihani People exposed on boat
Upsiream of bridgw, travalling Into the harhour People exposed on bridge Immediats
Events Conssquonces Bridge Conseqgiisnces Bost
1 2 3 4 5 ] 7 ] 9 10 1] eaddyy [ 13 14 ;,13,:, l 18 17 18 19 20 18 19 20 21 p.x] 23
Rate from Rale from Boat Boat
Strikes at pool and pool and Cofision Coliston
Strikes | Strikes speed Causes | Gas/Oil Jet fire Jet fire Glancing Hsad On
Nav {NenNav{greaterlhan| Strikes Pipefine exposura | No.of exposire - No, of Fatakty No. of Fatality No, of Total No.
Frequency] Span span 4 knots bridge | 1 failuwee § ruplure | gnllion] Frequency |Ouicome on bridge | fatafities PLL onboat | fatakties PLL Rate falalities PLL Rale falabtics PLL  |of fatakties| Total PLL| _Freq
18 142 142 142
03 |Pipelne ruplures (NG or WO) a 1 16 0.25 355 02 28 79.9
05 ¥ Fatablies from jet poot Gra & cotision
y 07 Fataklies from head on colision only b 0.2 28 28.4
» Speed assumoadiobe>=Binols
¥ 05 Fatalilies fom head on cofsien only b 0.2 28 8.4
0.0018 n Spoed assuned {0 be >58 knols
head on 1 4.60€:08 |Falalilies from head on colision enly b 02 28 1.31E-08 284 1.31€.08 | 4.60E-08
10 Speed assumed to ba >=8 knets
y 0.3y 8.51E-04 |Falaities from nudging fenders only c
0.02 nudge Speed assumed lo be >3 Sinats
Y 0.67 1.7CE-Q5 [Fatakties from glanting fendsrs only [
minor glance Spead acsumed to bs >=8 knots
780 0.05 1.35E-06 |Severe glancing Impact onlo structure  [e
a Speed assumed to be 4 knols
a3 PipeSine nuplures (NG or WO} a t 16 025 355 02 28 89
0.5 y Falalies from Jet,pool fice & colfision
0001282} y 0.7 Fatalilies frem head on colision only b 0.2 28 284
n Speed assurmed to be >=8 knots
y as Falakties frons head an colislon only b 0.2 28 284
0.0018 n Spoed asaumed to be >=8 knots
head on 1 5.58E-Q9 |Fatasities from head cn colislon chly b 0.2 2 1.58E-07 28 4 1.58E-07 | 5.53E-08
095 n Spead assumed to bo >=8 knols
0,33 Fataklles from rwdging fenders only c
audge Speed assumed to ba ><§ knals
0.87 2.08E-06 [Fatakiies from glancing fendets only d
minor glance Speed assumed 1o be >=8 knols
0.05 1.83E-07 |Severw glancing impact onto slruclure  je
n Speed assumed (o bs 4 knols
1.25E-03 |Boat pasces unter bridge {
n
4.60E-08
Outeomes Check sum“. E:!a[[!‘ Totat PLL 1,47E-08
ool
a Matural gas f Ol pipeline
b Head en cofison > 8 knots
c Nudging colision > B knots
d Glancing collsion > 8 knots
2 Severe glancing Impact onto struclure, LOP
{ Stralght through



Event tros for passage through Fremantie Bridge
Vesgel §

Boaz Hame :
Cods V5 D01 D
Dasign Optlen 1 Additlon of dolp and fender i People exposed on boat
[+} of bridge, Hing from the hatbour People exposed on bidpe tmmediate
Events Conssqusnces Bridfe Cans nees Boat :
l 1 2 3 4 5 -] 7 8 8 0 i1 g,'a;;:, 13 4 p,wb" I 18 17 18 19 20 18 18 20 21 22 23 i
Rate from Rate from Boat 8oat :
Strikes at poo! and poo) and Catision Cotision :
Sirikes | Strikes speed Causes | Gasiit et fire Jot fire Glancing Head On
Nav ] NonNav {grealerthan| Strikes Pipeline] expasuca | No.of exposure | No. of Fatality Na. of Fatakty No. of Total No. )
Freguenc: Span Lpan 4 knols bridge | 1falure | ruptuce ] ignitton] Frequency [Outcome onbiidge | falalties PLL onhoal | fataities PLL Rats falallies PLL Rale fataklies PLL  |of tatastias} Yola) PLL Freq
16 132 142 142 ’-
0.3 Pipelins ruptuces (NG or WO} 2 1 16 05 n 0.2 28 1154 i
iy | Falaitles from Jetpool fire & celision :
¥ 07 } Falaillas from head on colision only b 02 28 284 :
n Speed assumad ta ba >=8 knols .
¥ FataSlies from head on colisiononly  |b 0.2 28 28.4 .
0.0018 n Spood sssumad to be >=8 knols ;
head on 1 8.77€-00 |Fatabllss from head on cokislon only b 02 28 2 40E-07 284 2 42E-07 | 8 77E-D0 4
10 n Spood assumad to ba >=8 knots |
y 0.33 1.62E-08 |Fataklies from nudging fenders only [3 .
0.004 mudgs Spsed assumed o bg 2=8 knols v
¥ [+X:7d 1 D.24E-08 |Fatakiies from plancing tendars anly d
minar gance e .. .JSpoet assumed io bo >x8 knots ——
780 0,03 2 DOE-07 [Sevase glancing Impact onte shuctor  |e
n o eeer = oo} Suead mesuried lo he 4 kools ————
03 | P(petine suplucss (NG or WO) a 1 18 05 73 0.2 28 154
1 ] Y Fataities from Jet,oool fire & cakislon .
0.0012821 y L 87 Falaklies from head on colislon only b 02 28 284
n Spead assumed to be >=8 knols ’
¥ Falalilies from head on colisiononly  |b 02 28 284 |
0.0018 n Spaed assumed to bs >=8 knols.
head an b] 5.88E-09 }Falalittes from head on cokislon only b 02 28 1.81£.07 284 1.61E-07 | 5.088€-08 !
n Spead assumed Lo ba >=8 knols
0.33 1.D5E-06 |Fatailies from nudping fenders only e !
nudge Spaed assumed to be >=8 knels i
0.67 2.108-06 |Fatakies from glancing fenders only d
minor glance Speed assumed to be >=8 knots
0.05 1.66E-07 |Severe glancing Impact onto structwre  fe
ced assumad to be 4 knots i
. 1,27E-03 |Boat passes under bridge §
a
8.77E-09 N
Outcomes Check sum; Total PLL  4.90E-07
cool .
a Nalural gas # O}l pipekne
b Head on cotison > 8 knots i
¢ Nudglng eofision > 8 knols .
d Glanclng calislen > & knots
] Severe glancing impact onto stucture. LOP
f Straight threugh
i
= TN



Evark tres forp h h F Bridgo
Boat Nams : Vi 1
Code Vs pozup
Design Dption 2 Widsning of navigation spans Peaple exposed on boal
Upstream of bridge, travaling kvte ths harbouwr People enposed on bridge Immediate
Evenis Consegquences Bridge Conseguances Boat
1 2 3, 4 5 [ 7 8 ] 10 118 el l 13 as Ealfiy 18 17 18 19 20 18 19 20 21 22 23
Rale from Rate from Boat Boat
Sttikes at poot and pool and Tofision Colision
Stiikes | Strikes speed Caysas | Gas/Oil Jetfire fet fire Glancing Headop
Nav | Non Nav|greatec lhan| Strikes Pipefine| expaswe [ No., of oxposwe | Ne of Fatafity No. of Falalily No. of Total No,
frequency | Span span 4 knols bidge | tfallure | rupture | gnltion) Frequency |Ouicome o bridge | fataklles PLL onbvatl § fataities PLY Rale falalilies PLL Rate fatasties PLL _|of jataklies| Tolal PLL | Freg
16 142 142 142
0.3 Pipeline ruptures (NG or WO) a 1 16 0.25 3Es 0.2 28 799
05 ¥ Fatakities from at pood fire & cotision
y ] 07 Fataklies from head on cofislon only b 02 28 284
n ced assumed to be >=8 knats.
¥y 9s Fatailies from head on colislon only  [b 0.2 28 28.4
0.0048 n Spend assumed to be >=8 knots
head on 1 4.17E-09 |Falalilies trom head on eofision only b 02 28 118E-07 284 1.18E-07 | 4.17€-09
1.0 n Speed assumedto be >=8 knots
y 0.33 7.70E-07 |Fatalilies from nudging fendess only c
0.002 rudge Spoed assumed to be >=8 knols
¥ 06.67 1.54E:08 |Falalittes from glancing fenders only d
minor glance Speed assumed to be >=8 knats
780 008 1.22E-07 |Severe gancing impact onto structute  |e
an Speed assumed lo be 4 inots
0.3 [Pipeline ruptures (NG or WO) a 1 16 025 3E5 6.2 28 %86
05 [ ¥ Fatakties from jet,pach fire & colsion
0.0012821 ¥ | 0.7 Falakties from head on colision anly b 0.2 28 284
n Speed assumed lo be >=3 knols
y 0.5 Falalilles from head on colision only b D.2 28 284
00018 n Spaed assunmed to ba >:8 knols
head on 1 1.90E-Q9 (Fatailies from head on colislon only b 02 28 5.39E.08 264 $.09E-08 | 1.80E-D8
0.85 a Speed assumed to be >=8 knials 1
0.33 3.51E-07 |FataMies from nudging fenders only o
nudge Speed assumed lo be >=8 knots
0.67 7.01€-07 |Fatalties from glancing fenders anly ¢
minor glance Speed assumed ta be =8 knots
0.05 5.556-08 {Severe glancing impact onto structwre  |e
n Speed assumed o bs 4 knots
0.9931 1.28E-D3 |Boat passes under bridge 1]
n
ANTEQD
Outeomes Check sum el PLL ) 72607
€oo!
a Natureal gas / Oit pipeine
b Head on colison > 8 knats
c Mutging colision > 8 knots
d Glancing co¥ision > 8 knots
] Severe glancing impact onlo struclure, LOP
{ Stralght {hrough




e

Event tres for passegs throuph Fremantle Brkiga

Boat Narve ©
Cad» ¥5D0o2D
Design Option2 - Widsning of navigation spans People exposed on boat :
t of byldgs, ing from the hasb People exposed on bridge Immediate
Evants Consoguences Bridge Consegusncas Boat
I 1 2 3 4 k] 8 7 8 k] 10 k2] :,&%I 13 14 ‘elé‘l‘,‘ ’ 16 17 18 19 20 18 1B 20 21 22 2
Rate from Rate from Boat Boat
Strikes al poot and pool and Coklision Cokislon
Steikes spaod Causes [ Gas/Ol ot fire Jal fire Glancing Head On
Non Navjgreater than| Strikes | Steuciura| Fipeiine oxpusure §  No, of axposurn | No of Falakty No. of No. of Tolal No
Freguenc span 4 knots bridge Ll_mkn- tuplure | tonillon] Fraguency lOutcoms onbildge | fatalitias PLL onbuat | tateftiws PLL Rute fataitine PLL falatilles PLL__ |of (aiwitins] Totat P} Frag
18 142 142 142
03 Pipekine ruplures (NG of WO) a t 18 05 ™ 02 28 1154
1] ¥ Fataflias from jet.poot fire & coRsion
¥ 0.7 Fatalties from head on colision only o 0.2 28 20.4
a Spoed assumed 1o be >=8 knols
y Fataitios {rom head on colision only b 02 28 284
_ 00018 n Spead mysumed io be >=8 knote
head en 1 4.17€-00 |Falakllvs from hesd on colislon onty b 02 28 ¥ tBEQ7 %4 1 14E-07 | 4 17600
3.0 o Speed neauined to be >»8 knots
y 0.33 1.70E-07 | Faiallles from nudping fernders only c
0.002 nudge Speed assumed to ba >=8 knols
y 067 1.54E-06 )Fatakties from glanclng fonders only d
adnor Yance wed assumed o he >%8 knots
0 1 .. | 122807 re glansing inpact oplo structure  |w :
o Lo L |Vpredeyyauagiyle dhoely ;
n3 Pipsline piphinen (NG 19 WOL n ] 1 an H 07 n tind .
1 ]y Fatahtias from jot,uuct dre & colision :
0.0092821 y l a7 Fataktles from head on coléslon anly I 02 28 284 :
n Speed assumed to be >=8 knols N
y Fatailios from haad on cofision only b 02 28 284
0.0018 n Speed assumad to be >=8 knols :
headon 1 1.90E-08 ]Fatafties from head on colislon only b 02 28 $30E-08 284 5.38E-08 | 1.90E-08
0.95 n eed assumed lo be >=8 knots.
I's 0.33 3.51€-07 {Fatalties rom nudging fenders only [
nudge Speed assumed to be >=8 knots :
0.0009 0.67 7.01E-07 {Fataties trom glancing fenders anly d
y minor glance Speed assumed ta be >%8 knols i
1.00 0.05 5.55E-08 |Savere glancing impact onto shuclure e i
n n Speed assumed to be 4 knols :
0.999% 1,28€-03 |Boat passes under bridge 1
n :
4.17E-08 :
OCutcomes Check sum Tolal PLL 1.72E-07 ;
coot :
a Natusal gas ¢ Ol pipeline :
b Head on cofison > & knots
[ Nudging eolislon > 8 knols
d Glancing cofision > 8 knots :
] Sevate glancing Impact onte struclwre. LOP :
{ Stralght {hrough !

/
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Evant tres for passage through Fremanile Bridge

Bost Nams : Vessetd
Code V& DOTUP
Design Option 1 Addition of dok; and fender strengthening Peopie exposed on boat
Upstream of bridge, traveliing into the harbour People expasad on bridge Immediale
Evenis Consegusnces Bridge Conssgusncas Boat
1 2 3 4 5 8 7 ] ] 10 11 ol i3 14 Ealdity 18 17 18 19 20 18 19 20 21 22 23
¥ ¥
Rale from Rata from Boat Boal
Strikes at pod] and pool and Colision Cothsion
Strikes | Strikes spend Causes | Gas/Oif el fire Jel fire Clancing Head On
Nav | NonNav jgreater thaa| Strikes Pipeline exposwe | Neo.of exposwre | No o Falalily No. of Fatalily No. af Yolal No.
Frequency{ Span span 4 knoty bridge | 1fallure | rupture | Ignition] FrequencyiOutcome oo bridge | fataklies PLL onboat | {atatles PLL Ralo fatahlles Lt Rale Tatabligs PLL _ [of fataltias] Tolal PLL Ereq
18 118.4 119.4 110
a3 Pipeine cuplures (NG or WO) a 1 16 0.25 2985 0.2 24 60.23
05 | vy Fataklies from fel poot fire & colision _ |
y 0.7 Fatallies from head on eolision only b 0.2 24 23.88
n Speed assumed to ba >=8 knots
b 05 Fatalilias from head on colision only b 0.2 24 23.88
0.0018 n Speed assumed lo be >=8 knots
head on 1 2.65E-08 {Fataktles from head on cofision only L] 02 24 634E07§ 2388  84E-D7 | 2 BEE-D8
10 n Speed assumed ta be >=8 knots
y 033 4.91E:08 [Falakties from nudging fenders only c
002 nudge Speesd assumed to bo >=8 knots
¥ V.67 9.82E-08 Falablles from giancing fenders anly d
: minoy plance Speed assumed o be >*8 knots
1352 0.05 2.77E-07 |Sevare glancing impact onto struclwe  |e
n Spead assumed lo be 4 knole
0.3 Pipeline ruptwras (NG or WO) a 1 16 0.25 20.85 02 24 89.73
0.5 y Fatalities from Jet oool fire & colision
0.00073R6 y 0.7 Fataties from head on colision only b ¢z 24 23.88
a Spesd assumed to be >=8 knols
y (%] Fatallies from head on colision only b 02 24 23.88
0.0018 n Spaed assumad to he >=8 knols -
head op 1 3.22E-09 |Falatlies from head on cofision only b 0.2 24 7.6DE-068 | 2388 7 69E-08 | 3.22E.09
8.95 L) Sgeed assuried to be >=8 knals
0.33 5.95€-07 |Fatalties from nudging fenders only [
nudge Speed assumed to be >=8 knots
0.87 1.19€:08 |Fataklies rom glancinp fenders onfy d
minar glance Speed assumed lo be >23 knols
0.05 9,43E-08 [Severe glarcing Impact ento structure  fe
n Specd assumed to be 4 knols
X 7.22E-04 [Boal passes under bridga (
n
2.66E-08 )
Outcomes Check sum| Total PLL 7.11E-07
oot
a Natwat gas / Oll pipeline
b Head on colison > 8 knots
3 Nudging cofiislen > 8 knots
d Glancing cofision > 8 knols
3 Savere plancing impact onto structure, LOP
{ Stralght lwaugh

1
i
i



Event tren for passage through Fremantls Bridge

Soat Nema : Vi
Code V8 D04 D
Desipn Opilon 1 ddition of dalphing and fander strengthening People exposed on boal
D of bridge, ing from tho harb Peaple axposed on bridge Immediate
Events Consaguenices Bridga Canssguances Boat
‘ 3 2 3 4 ] & 7 8 9 10 11} el ity 13 14 " [ 16 17 18 19 20 18 19 20 21 22 2
Rate from Rate from Boat Boal
Strikes at pool and poo! antf Catision Colision
Strikes § Strkes speed Causes | Gasiil| et fice et fire Glaneing Head On
Nav § NonNav |greater (han| Sirkes ipi exposuie | No.of exposwe | Ne, o* Falalily No. of Fataiity No. af Total No.
Freguanc: Span 3pan A knots bridge | | faliure § cuplure !grﬂlionl Freguency | Oulcome an bridge | fatakties PLL onboat | faladlles PLL Rats fatahtios PLL Ralo faathas PLL__ |atfatalilios| Totai PLLI _ Freg
16 119.4 1194 119
03 Pipeline ruplures (NG or WO) a 1 16 05 597 0.2 24 99.58
I Falalties trom [ol.pool fire & cokision _ |
y | 0.7 Fataktles from head on colisien only b 0.2 24 23.88
n zed assumed to be >=8 knols
¥ Falaklles from head on cokision only b 0.2 24 2388
0.0018 n Speed assumed Lo be >28 lnwts
head on 1 5.08E-09 {Falakiies from head on cofision anly b 02 24 121E-07 | 23.88  1.21E-Q7 | 5.08€-08
10 n Spead agsumed {o be >=8 knots
¥ 0.33 9.38E-07 |Fatalities irom nudoing fenders only (3
0.004 nudge Spaed assumad to be >=8 knols
¥y 087 1.87€-00 |Fatalities from glancing fenders only d
Innor glance s eseene| SRed avsad o b 3B kot
1352 \__ 205 LR =Y viancing Impedt vido sliicline v
" T sdfobedomte
03 | Pipofne ruptuems (NG or WO} a 1 10 0s 9.7 az 24 v s
t {7y Eataities from [oLpaol firs & cotiston
0.0007386 y Lo07 Falaities from head on cokision only b 0.2 24 2388
n Speed assumed lo he >=8 fnols
y Fatalilies from head on colision only b 0.2 24 2384
0.0018 n Speed assumed to be >=8 kiiots
head on 1 3.28E-00 [Falajlios from haad on colision only b 02 24 7.82E-08| 2348  7.82E-08 | 3.28E.00
095 a Speed assuned {o be >=8 knols
0.33 8.0SE-07 |Fatakties from nudging fenders only c
nudge Speed assuimed to be >=8 knols
Q.67 1.21€-06 |Falakties from glancing fenders only d
minof glance eed assumed to be >=8 knots
005 ©.58E-08 |Severa glanelng Impact onto strucluwce  |e
L] Speed assumed {o be 4 knots
7.35E-04 |Boat passes under bridge f
n
5.06E-09
Outeomes Check sum Tolal PLL 1.99E-07
coa|
a Natural gas / Oil pipekne
b Head on colfison > 8 knots
< Nudging cokislon > 8 knots
d Glancing colision > 8 knats
[ Severe plancing lmpacl onto structure, LOP
1 Stralght through
. 5
| —~

|




Event tree for passage (hrough Fremantlo Bridge

Boat Ramo : v
Code V8 D02 UP
Design Optlon 2 Widening of navipation spans People exposed on boat
Upstraam of bridge, traveliing into the harbour Pzople exposed on bhridge Immediale
Evants Con; nces Boat
1 2 3 4 5 [ 7 8 9 10 ~Ealiity 18 17 48 19 20 18 19 20 21 22 23
Rate from Boat Boat
Strikes at paol and Coliision Celision
Strikes | Stikes speed Causes | Gas/Oil Jot fire Glancing Head On
HNav | Non Nav |greaterthan| Strikes Pipeiina| exposura | Ne, 0¥ Fataity No. of Fataity No. of Totat No.
Freguane: Span span 4 knols bridge | 1faliwe § rupture | Ignition| Frequency]Outcome fatakliss PLL onboat | falalics PLe Rate fatablios PLL Rale fatakitlas PLL__tol falalilfes| Total PL Freq
8 1184 11¢.4 19
0.3 Plpeine ruptures (NG or WO) 16 0.25 28.8¢ 0.2 24 6B.73
05 [ y Falaiilies from |=t poo! Gite & cofisfon
y Loz Falatlies from head on cnﬂsinn only 0.2 24 2388
] S5
y 0.5 0.2 24 23.88
0.0018 n
headon 1 02 29 5 74E-08 2388 5.74E-08 | 2.40E-09
1.0 n
¥ 0.33
9.002 nudge
y D.67
minor glance
1352 008 7.03E-08 Seven: glancing impact orta structurs
n Speed agsumadto be 4 knots
Pipeline rupliros (NG or WO) 16 D.25 26.85 0.2 24 8973
Fatalittes from Jet pool fire & coMislon
0.0007386 Fatajties from head on colision only 0.2 24 23.88
n 1Sea=d assumed to be >=B knots
y 05 Fatakities from head on colision only 0.2 24 2388
0.0018 n Spaad assumed (o be >©8 jnote
head on 1 1.00E-09 [Falakties from head on coiston anly 0.2 24 201E-08] 2388 283608 100E-Dp
0.95 n Speed assuned lo be >=8 fnots
0.33 2.02E-07 |Fatalilies from nudging fenders onfy
nudge Speed assumed to he >=8 knols
0.87 4.04E-07 |Fatalilles from glancing fenders only
minor glance eed assumed to be >=8 knats
005 3.20€-08 }Severe glancing fmpact ento structire
n Speed agsumed to be 4 Inols
X 7.38E-04 |Boat passes under bridge
n
2.40E-08
Outcomes Check sum [ 740604 ] Tolal PLL 8.35E-08
cool
a Natural gas / Oil pipeline
b Head oncofison > 8 knols.
[3 Nudging eolision > § knots
d Glancing colislon > 8 knols
e Severe glancing Iimpact onto structure, LOP
t Straight through

i




Event {res fer passags lhrounh Fremanile Bridge

Boat Name §
Code vspozo
Dasign Cption 2 Widening of navigation spans People exposed on boat
of bridge, g from the harbour People expased on bridge immediate
Evorts Consaquoncss Bridge Consequences Sant
1 2 3 * 5 ] ? 8 9 10 11 pafiga, 13 14 g‘,_!k;, 18 17 18 19 20 18 1B 20 21 22 px]
Rate from Rate from Boat Boat
Strikas at posl and pool and Cotiision Caelislon
Skikes | Strikes speed Causes | Gas/Oit fet fire ial fire Glancing Head On
Nav | Hon Nav |greatsr than| Sirikes ipel exposwe | No.af exposure | No. of Fatalty Na, ot Fatahty Na. of Total No,
Frequency | Span span 4 knots bridge ] 1fallre | rupture ] Igniliont FraquencyiOutcome on bildge | falafilies PLL onboat ) fataitles FLL Rate fataflies ALL Rate falalties PLL_ |of fataitles] Total PLL| Freq
16 1184 1194 19
03 Pipeline ruptures (NG or WO) a 1 16 0.5 59.7 02 24 99.58
1 [y Fataflies trom Jetnool fire & colision |
y 07 Falakitles from head on colislon only b 0.2 24 2388
n Speod nysumed to be >=8 lnols
y Falaflss from head an colsion only b 02 24 23.88
_D0o18 n eed assumed (o be >=8 lnols
head on ! 2 40E-09 Falulﬂlu from hisad on coliston only b 02 24 STAE-08| 2388 5.746-08 | 2 40E-09
1Q n
y 0,33 4.44E-07 Fil-mcs from nudging fendars onfy c
0.002 Spead assuqied to be >3 fnols
y e eesermemren v vmw | 8-DOE-D7 |Fntnktias rum glancing fanders onty d
. |Spaed asywngdlo be smBluoly
1307 " 2435 OB {Usvete yanclnyg ] wido sliuolive o
Upesd pasipt lo by dborols,
03 Pipakne rplives (NG vt WO) " i L] (X syt [T} 24 VU b
1 y Fatoities from (sl pool firs & cotsfon
0.0007208 y 0.7 Fatalities from head on collision only b 02 24 23.86
n Speed assumed o be >=8 knols
y Fataktles from head on colision only b 02 24 23.88
g.0018 n Spaed assumad fo ba >=8 knots
head on 1 1.09E-09 |Falaities from head on colision only b 02 24 281E-08| 23838  261E.08 | Y OBE-0Q
n Speed assumed 1o be >=8 knols
0.33 2.026-07 Fatall!lcs from rudging fenders only [
nudge
0.67
minar glance
Ouicomes Total PLL 4.35E-08
a Natural gzs f Oil pipetine
b Head on cokison > & knols
e Nudging colision > 8 knats
d Giancing colislon > 8 knols
L] Severe glancthp Impact onto struclure. LOP
f  Steaight through




Summary Results of Event Trees for Design Options | & 2

Derign Opslon I
Vi DOl UP vipoI D V2Do) Up
No. el No. of No.of
Faislitits  Frequency  Falalities  Frequency  Fualiles  Froquincy
202 W2 11
e 106 a2
06 106 42
108 8.12E-08 e LSIE-08 ‘42 9.2JE-02
202 148E-09 w2 3.01E-09 1 1609
108 3.45E-09 108 T01E-09 42 1.91E-0¢
106 4.92E-09 196 42 S.38E-05
106 108 42
No. of f_Feeg No.offalTreq No. ol Freq
Tetal PLL for tven  9.95E<06 3.93E-06 A.606-08
Leaign Option 2
VI Do UP vipor b VDO Uk
No, of No.of Na.of
Falities  Frequency  Faialities  Frequency  Fudities  Froywency
202 182 1
106 106 42
106 143 42
106 T.ISE-09 106 7.35E-09 4 833E-09
02 $.03E-10 m 1,00E-09 11t §.69E-10
(13 LITE0% 108 2ME-09 2 LYE-0%
106 LETED 106 42 1L90E-09
106 108 41

Total FLL for even  1.24E-06

wimiw001pAvorking/ calct.ds Tree FN

vViDOo1ID ViDot Up
No.of No, of

Fuulities  Frequency  Falalities  Frequency
163 n7
ar 43
42 LH]
a2 1L73E-08 45 S21E-08
V63 JAIE-0% n? L6TE-09
4 293809 L L] 1.9IE-0%
42 43 5.38E-08
12 45

Mo, ol (&t Treq

1L$4E-06

$.00E-07

2 39E-06
vipop
No, of

Futalities  Feequency
163
42
2
12 $.33E-09
163 1.1E-03
42 2.63E-09
42
R H

I
8.30E.07

ViDo2Up
No. of

Falities  Frequency
43
a8
45 8.33E-0%
1? 5.69E-10
43 1.33E-09
43 1.90E-09
45

641E-07

vipoip V4 DO1UP V4001 D
No, of Ne. of No. of

Falulities  Frequency ~Fatafilies  Frequency Fallitier Trequency
1mn 132 18
a3 1] &6
35 66 &8
43 L 7TSE-08 (13 A.60E.03 [13 8.77E-0%
17 141E-02 [} 337E-10 182 1.70E-0%
43 T.93E-09 [ L9SE-09 66 I1.97E-09
45 ({1 LI9E-09 66
45 86 66

2.31E:06

14IE06

vipmp V4po Uy viDO2 Dy
WNo. of No,of o, of
Fatafilies  Frequency  Falalities  Freg Fatalilies  F
1% 132 182
as €6 66
45 (11 (13
43 8.33E-0% 66 4.17E-09 66 AVE09
178 LI4E.09 taz 284F10 182 3.69E-10
EH] 2.63E.0% 66 6.6{E-30 66 LIIE-09
43 6 S.48E-10 6
43 &6 [

Vs DOt Up

No. of
Fatalities

vsbo up viperb VéDO2 UP
No, of No, of No. of

Fadities  Frequency Faalilies  Frequency  Fatalifien  Frequeacy
80 ns 0
2% n® 24
28 ¥ 24
% 4.178.09 % 317809 29 2.40E-D%
80 ns 70
28 28 »
% 2% b2
28 1.90E-09 28 L.908-09 2l L.OJE-0%

Frequency

4.60B-08

S.58E-09

147106

No. of fat Freq

VvsDolD

No.of
Fasulities
ns
%

n
23

Frequeacy

8.77E-09

3.63E:09

No. of I Freq

Vé6DO) Up

No. of

Faluitics

0
n
u
3

0
2]

Frequency

2.66E-08

3.21E09

LIIE-Q7

No. of fl_ Freq

V6époI D

No.of

Fulities  Fesquunsy
100

28
E21
4

100

2

3.06L2-03

3.28E-09

1995407

vénu p

No.of

Fuslities  Frequency
10

U
24
u

100
%
“
4

230E.09

1 09C-0%

No. ol fat Freg

ceend

) sy

Dostgn Optlen 1
FN Duta.
3.01E-09
(3 6.1SE-05
1A ALE-09 5.39E-09
161 | 3.41E.09 1,30E:08
2 L3 TE-10 L.38E-00
7§ 1.67E.09 | 1.SSE0B
1§ .CTE-09 . 2308
95 | LE2E-DY |  V.29E-07
66| 635608 | 193807
45 L 27E-07 . 20E-07
4z _2TE-07 L4TE-07
23 . S1E-0% . 13E-07
pil $)E.08 .$1€.07
.SJEQ7
3.566.08 3.3iE.07
Swalolel PLL
Deslgn Optton 2

FN Dna

82| 1.00E-09 00E.09
102_| 1.07E.09 07605
174 1LI4E-09 .21E-09
163 | 104509 _33E.09
112 | 204E10 SUE0Y
117 | 3.69E1D | 3.20808
11| 369510 . 77809 |
108 1.99E-08 . STE-08
&6 | L.I3E-08 _— .69E-08
43 [ 22se-00 | SosEtn
4 [ 73E0s | aa0E0
% .21E.08 .41E-08
2 _E:E: O1E-DT

L.OIE.07

1.01E07 check

Ne. of: id
4.44E:07 S.$4E-0T

1.7E-07

L2607

8.ISE-08

$39E-08

T 25E-06



Summary Frequency Results of Event Trees for Design Options 1 & 2

Design Option 1
Design option 1

Frequency of 1DO1U VIDOID 2D01U V20010 3D01U V3DO1D 4DO1U VADO1ID 5DO1U V5DOID 6DO1U VEDO1ID .F‘requancy of Collision
Falalities from jet,pool fire & colliston Nav span collision
Fatalities from head on collision only Head on 4.6.E-07
Fatalilies from head on collision only Glance 2.7.E-04
Fatalities from head on collision only 8.128-08 1.55E-08 9.21E-08 1.75E-08 9.21E-08 1.75E-08 4.60E-08 8.77E-09 4.60E-D8 8.77E-09 2.66E-08 5.06E-08 4.6E-07 Non nav span coflision
Fatalities from nudging fenders only 1.50E-05 2.86E-06 1.70E-05 3.24E-06 1.70E-05 3.24E-06 851F-06 1.62E-06 B8.51E-05 1.62E-06 4.91E-06 9.35E-07 85F-05 Head on 9.4.E-08
Fatalifies from glancing fenders only 3.00E-05 5.72E-068 3.40E-05 6.48E-06 3.40E-05 6.48E-06 1.70E-05 3.24E-06 1.70E-05 3.24E-06 9.82€-06 1.87E-06 1.7.E-04 Glance $5.5.E-05
Sevare glancing impact onto structure  2.38E-06 4.52E-07 269E-06 5.13E-07 269E-06 5.13E-07 1.35E-06 2.56E-07 1.35E-08 2.56E.07 7.77E-07 1.48E-07 1.3.E-05 Pass through 2.1.E-02
Fatalities from jel,pool fire & colfiston 1.48E-09 3.01E-08 167E-09 3.41E-09 1.67E-09 3.41E-09 8.37E-10 1.70E-09 1.7.E-08 2.1.E-02
Fatalities from head on collision only 3.45€-09 7.01€-09 3.91E-08 7.95E-09 3.91E-08 7.95E-08 1.95E-08 3.97E-09 4.0.E-08 chack 1
Fatalities from head on collision only 4.92E-09 §.58E-09 5.58E-09 2.79E-09 1.9.E-08
Fatalitias from head on collision only 558E-09 5.68E-09 3.22E-09 3,28E-09 1.8,E-08
Fatalities from nudging fenders only 1.82E-06 1.85E-06 2.06E-06 2.10E-06 2.06E-06 2.10E-06 1.03E-06 1.05E-06 1.03E-06 1.05t-06 595€-07 6.05E-07 1.7.E-05
Fatlalities from glancing fenders only 3.64E-06 3.70E-06 4.13E-06 4.20E-06 4.13E-06 4.20E-06 2.06E-06 2.10E-06 2.06E-06 2,10E-06 1.19E-06 1.21E-06 3.5.E-05
Sevare glancing impact onfo slructure 2.88E-07 293E-07 3.26E.07 3.32E-07 3.26E-07 3.32E-07 1.63E-07 1.66E-07 1.63E-07 1.66E-07 95.41E-08 958E-08 2.7.E-06
Boat passos undor bridpo 2.21E-03 225E-03 2,50E-03 2.55E-03 2.50E-03 2.55£-03 1.25E-03 1.27E-03 1,256-03 1.276-03 7.228-04 7.35E-04 2.1.E-02

2.26E-00 226E-03 2.56E-03 256E-03 2.56E-0) 2.56E-03 {128E-03 1.28E-03 1.286-03 1.28E.03 7.40E-04 7T.0E-04 2.1.E-02

Design Option 2

Design option 2

Frequency of 1D02U VIDO2D 2D0O2U V2DO2D 3DO2U V3IDO2D 4D02U v4DO2D 5DOZU V5DO2ZD 6DO2U V6DOZD Frequency of Collision
Fatalities from jet,poo] fire & collision Nav span collision
Fatalities from head on collision only Head on 6.8.E-08
Fatalities from head on collision only ' Glance 4.1,E-05
Fatalilies from head on collision only 7.35E-08 7.35E-00 8.33E-09 8.33E-09 8.33E-09 B8.33E-09 4.17E-09 A.17E-08 4.17E-00 4.176-09 2.40E-08 2.40E-08 6.9.E-08 Non nav span collision
Fatalities from nudging fenders only 1.36E-06 1.36E-06 1.54E-06 1.54E-06 1.54E-06 1.54E-06 7.70E-07 7.70E-07 7.70E-07 7.70E-07 4.44E-07 4.44E-07 1.3.5-05 Head on 3.2.E-08
Fatalities from glancing fendets only 2.72E-06 2.72E-06 3.08E-06 3.08E-06 3.08E-06 3.08E-06 1.54E-06 1.54E-06 154E-06 1.54E-08 8.88E-07 B.88E-07 2.6.E-05 Glance 1.8.E-05
Severe glancing impact onto structure 215E-07 215E-07 244E-07 244E-07 244E-07 244E-07 1.22E-07 1.226-07 1.22F-07 1.22E-07 7.03E-08 7.03E-08 2.0.E-06 Rass through 2.1.E-02
Fatalities fram jet,pool fire & collision 5.02E-10 1.00E-08 569E-10 1.14E-09 5.69E-10 1.14E-00 2.84E-10 5.69E-10 5.8,E-09 2.1.E-02
Fatalities from head on collision only 1.17E-09 2.34E-09 1.33E-09 2.65E-09 1.33E-09 2.65E-09 6.64E-10 1.33E-09 1.3.E-08 check 1
Falalities from head on collision only 1.67E-09 1.90E-08 1.90E-09 9.48E-10 6.4.E-09
Fatalities from head on collision only 1.90E-09 1.80E-09 1.09E-09 1.09E-09 6.0.E-09
Fatalities from nudging fenders only 6.19E-07 6.19E-07 7.01E-07 7.01E-07 7.01E-07 7.01E-07 3.51E-07 351E-07 351E-07 3.51E-07 2.02E-07 2.02E-07 5.8.E.05
Fatalities from glancing fenders only 1.24E-06 1.24E-06 1.40E-06 1.40E-06 1.40E-06 1.40E-06 7.01E-07 7.01E-07 7.01E-07 7.016-07 4.04E-07 4.04E-07 1,2.E-05
Severe glancing impact onlo structure  9.79E-08 9.79E-08 1.41E-07 1.11E-07 1.ME-07 1.11E-07 5.55E-08 555E-08 555E-08 S555E-08 3.20E-08 3.20E-08 9.3E-07
Baoat passes under bridge 2.26E-03 2.26E-03 256E-03 2.56E-03 2.56E-03 2.56F-03 1.28E-03 1.28E-03 1.28E-03 1.28E-03 7.38E-04 7.38E-04 2.1.E-02

226603 2.26E-03 2.56E-03 256E-03 2.56E-03 256E-03 128E-03 1.28E-03 128E-03 1.28E-03 74dOE-04 7.40E-04 21E-02
w/mw001piworking/ calci.xs Tree Fregs

,/A\ N
{ o



Appendix 3

Event Trees for Sensitivity
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Design Options Sensitivity Input Data
DO1 Strengthening Nav Spans clongating them by 5.5m
Do2 Yidening of N

DIff between d
V2 slightly smaller boat
Vi 370 tonnes V2 270 tonnes V3 190 fonnes V4
Upstream | Downstream | Upsiream | Downstream | Upstream | Downstream | Upstream | Downstream Upsteeam | Downstream | Upstream | Downstecan | Upsiream
Tree Data UVIDOTUPE VIDOID {VIDO2ZUP| VIDO2D | v2aDO1LUP] vaDoid [ v2zDozup| v2 DO2D 1 V3DOIUP| VIDOLED | V3DO2UP{ V3DOZD | V4 DO UP
Frequency 2§ v 2.26E-03 112226803 ] - 226KD: ' SER-03:57 |2 S6E-03..0 FRS0EA035 |22, 568203 |: 2.56E~03 - | ~2S6E-03 | 2.568-03 | 1.28E-03°
No. of prople cxposed on bj3 800 © 525 525 525 450 450 450 450 400
No. of people exposed on bf4 16 16 16 i6 16 16 16 16 16
Strikes Nav Span 5] 0.00:4 0.021 0.004 0.0019 0.0019 0.021 0.004 0.0019 0.0019 0.021
Strikes Non Nav Span 6 0.003 0.003 0.003 00009 0.0009 0.003 0.003 0.0009 0.0009 0.003
Strikes at speed greater tha |7 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Strikes at speed greater tha |8 0.95 (.95 0.95 0.95 0.95 0.95 0.95 0.95 (.95 0.95
Strikes Head on 9 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018 10.0018
Gl # 0.33 0.33 0.33 0.33 0.33 033 0,33 0.33 0.33
Causes Structural failure N {# 1 1 1 1 ] 1 1 1 1 1 1
Causes Structurat fiture N |7 4] [ 4] 0 0 Q [ Q 1] 1] Q
Ganloil pipeline fhilure #: 0.5 | Q0.5 1 1.5 1 0.5 1 0.5 1 0.5
_Iggiii(m i) (.3 1,3 03 4 (18] [1%] 0.4 (.3
Bridge tatality eate from po [# 1 | ! 1 1 1 i 1
Boat fatality rate from jet &|# .25 0.25 0.25 .25 =505 7 .25 L 0.5 0.25
Baoat fatality rate plancing ¢ |4| 0 0 0 0 0 0 [1] 0
Boat [atality rate sinking/de 1115 0.33 .33 0.33 0,33 .33 0.33 (.33 .33 0.33 0.33
L S




Design Options Sensitivity Input Data

Boats smaller

155 tonnes V3 115 tonnes V6 45 tonnes
Downstream | Upstream | Downstream | Upstream | Downstream]| Upstream | Downsiream Upstream [ Downstream|  Upstream | Downstream

Tree Data 1 V4DOID | V4 DO2UP| V41DO2D | V5SDO1UP| V5DOID [ V5 D02 UP| V5 D02 D | V6 DOI UP] V6 DOI D | V6 DOZUP| Ve DO2 1D

Frequency 2| 128E03 | 1 ;28E-03.| & 12855 28BN AR BT [ E IR T28E-03 7| 7.40E-04 | T740E04 | 740604 | 7.40E-04 -
No. of people exposed on {3 400 400 400 284 284 284 199 199 199 199
No. of people exposed on |4 16 16 16 16 16 16 16 16 16 16
Strikes Nav Span 5| 0004 0.0019 0.0019 0.004 0.0019 0.0019 0.021 0.004 0.0019 0.0019
Strikes Non NavSpan  [6]  0.003 0.0009 0.0009 0.003 0.0009 0.0009 0.003 0.003 0.0009 0.0009
Strikes at speed greater th {7 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 095
Strikes at speed greater th |8 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95
Strikes Head on 9] 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018 0.0018
Glances # 0.33 0.33 033 0.33 0.33 0.33 0.33 0.33 0.33 0.33
Causes Structural failure |4 I 1 1 0 0 0 0
Causes Structural failure [# 0 0 0 0 0 0 0
Gas/oil pipeline failure  |{# 1 0.5 1 1 0.5 0.5 1
Ignition # 0.3 0.3 0.3 . 0.3 0.3 0.3 0.3
Bridge fatality rate from p [# 1 1 | | ] 1 1
Boat fatality rate from jet |# : 0.25 S 0.25 0.25 0.25 0.5
Boat fatality rate glancing |# 0 0 0 0 0 0
Boat fatality rate sinking/d|# 0.33 0.33 0.33 0.33 0.33 0.33 0.33




Event tree for passage through Fremantle Bridge

Boat Name :

Vessel 1

Code V1 DOt UP

Peaple exposed on boat

Design Option 1 Addition of dolphins and fender strengthening
Upstream of bridge, travelling into the harbour People exposed on bridge Immediate
Events CMMME’%B‘W
1 2 3 4 s [ 7 8 9 10 11 :'J&it, 13 14 FJ&R, 18 17 18 19 20 18 19 20 21 22 23
Strikes at Gas/O Rate Rate Boat Boat
Steikes | speed Causes|ilPipeti from Collision Collision
Stikes| Non | greater Structu| ne pool and Glancing Head On Totat No.
Frequenc] Nav Nay \han4 | Strikes | ral | ruptur |ignitio| Frequenc| jetfiro | Mo.of Fatality § No. of Fatality | No.of of Total
% Span | span knots | bridge | failure] e n y Quicome PLL PLL Rate i fatalities| PLL Rate |fatalties| PLL [{fatahties| PLL Freq
800 800
0.3 Pipetine ruptures (NG or WQ) la 1 16 0.25 260 0.33 264 480
05 Yy Fatalities fram jet, poo fire & collision
y Loz Fatalities {rom head on collision o |b 033 264 264
n Speed assumed to be >=8 knots
y 0.5 Fatalitias from head on collision ofb 0.33 264 264
0.0018 n Speed assumed to be >=8 knots
headon} 1 8.12E-08jFatalities from head on collision o [b 033 264 214E-05 264 2.14E-D5|8.12E.08|
1.0 n Speed assumed ta be >=8 knots
Y 0.33 1.50E:-05( Fatalities from nudging fenders onjc
002 nudge ... |SREEM endUIIO 10 b =<8 knota
y _ver_ 3 00C-0%|Fulalilles fram glanclhp fendem o |«
minor glance Spoed assurmed {0 be >=8 knots
442 0.05 2.38E-06] Severe glancing impact onte strucje
n Speed assumed to ba 4 knols
0.3 |1.48E-09|Pipeline ruptures (NG or WQ) a 1 16 551E.08] 025 200 6.B9E-07 033 264 3.90E-07] 480  1.13E.08|1.48E-09
05_| Y Eatalities from jet, pool fire & coltision
0.002262 y 0.7 ]|23.45E.09]Fatalities from head on collision o|b 0.33 264 Q10E-07] 264 9.10E.07{3.45E-09
1 n Speed assumed {o be >=8 knats
¥ 0.5 4,92E-09|Fatalities from head on collision o ]b 0.33 264 1.30E-06| 264 1.30E.06]4.92E.09
0.0018 n Speed assumed to be >=8 knols
head on Falalities from head on collision o |b 033 264 264
085 n Speed assuraed to be >=8 knots
y 033 1.82E-06|Fatalities from nudging fendess on|e
nudge Speed assumed to be >=8 Knots
0,0026 0.67 3.64E-08 | Fatalities from glancing fenders o [d
rminor glance Speed assumed to be >=8 knots
0.98 2.88E-07|Severe glancing impact onto strucle
' Speed assumed to be 4 knots
0.9974 2.21E-03|Boat passes under bridge £
n
8.47E-08
Quicomes Check sum-mgl:ﬂ Total PLL 2,48E.05
coo|
a  Natural gas / Oil pipeline
b Head on collison > 8 knots
¢ Nudging colliston > 8 knots
d  Glancing coliision > 8 knots
e  Severe glancing impact onto structure, LOP
f  Straight through
o ! /\x
A‘ \\ 77/




Eventtree forp
Boat Name !
Code vipa1o

Design Option 1

Events

through Fr
Vesgel1

Bridge

Addltion of dolphins and fander strengthening
Dawnstream of bridge, travelling from the harbour

Peaple exposed on bridge

People exposed on boat

1

4 5

c%_gggle_ng:es Bri
Felity 13

Consequences Boat
Ead ; 15 17

18

19

21 22

Frequenc

Y Span

Stiikes

Nav

0.00

Strikes at
speed Causes
greater Steuctu
than 4 | Strikes

knots | bridge | failure

span

Frequenc|
y Outcome

Rate
from
poal and
jetfire { No. of
exposure} fatalities

Boat
Collision
Head On

Fatatity

Rate

Pipeline ruptures (NG or WO)  |a

< |-

Fatalities {rom jet,pao! fire & collision
Fatalities from head on collision o]b
Speed assumed to be >=8 knots

0.0018
head on

o

Fatalities from head on coftision o

>

Speed assumed fo be >=8 knots

1.55E-08(Fatalities fram head on collision o

o

442

0.002262

y 0.33

Spead assumed to be >=8 knots

2 836E-06)Fatalities from nudging fenders on

iz]

nudge
0.67

Speed assumed to be =28 knots

a.

5.72E.06| Fatalities from glancing fenders o

minor glance

Speed assumed to be >=8 knots

]

4.52E-07Severe glancing impact onte struc

Speed assumed o be 4 knots

3.01E-09{Pipelina ruptures (NG or WO) a

oL lo
:I-::!G

0.0018
head on|

Fatalities from jet,pool fire & collision
7.01E-09| Fatalities from head on collision o |b
Speed assumad to be >=8 knots

Falalities from head on callision o {b

Speed assumed to be >=8 knots

o

Fatalities from head on collision o

0.95

y 0.33

Speed assumed to be >=8 knots

1.85E-08|Fatalilies from nudging fenders on

[+

nudge
067

Speed assumed to be >=8 knots

o

3.70E-08{Fatalities from glancing fenders o

minor glance

Speed assumed to be >=8 knols

2.93E-07 | Severe glancing impact onto struc|e

Speed assumed to be 4 knots

2.25E.03]Boat passes under bridge f

Oulcomes

- Q0 TN

2.25E.08

16

1 16

1 16

0.33
0.33
033

033

0.33
033
0.33

0.33

No. of
| fatalities

800
264
264
264

264

264
264
264

264

Total Na.
of Total
tataiities| PLL

1.85E.06]

680
264
264

264  4.09E-06)

680 3.71E.08
264  1.85E-08
264

264

cool

Naturai gas / Oil pipeline

Head on collison > 8 knots

Nudging cotlision > 8 knots

Glancing cotlislon > 8 knots

Severe glancing impact onto structure, LOP
Straight through

Tolal PLL 9.65E-06




Event trea for p through Fr e Bridge
Boat Name : Vesse! 1
Code vi D0z UP
Design Cption 2 Widentng of navigation spans Peopte exposed on boat
Upstream of bridge, travelilng Into the harbour Peaple exposed on bridge Immediate
Events Consequences Bridge Consequences Boat
1 2 3 4 S 6 7 8 9 10 11 = 25* 13 14 - ‘k‘k 18 17 18 18 20 18 19 20 21 22 23
Fatidiity Fafatity
Strikes at Gas/O Rate Rate Boat Boat
Stiikes | speed Causes|ilPipeli from from Collision Collision
Strikes| Non | greater Structu ne poal and pool and Glancing Head On Totat No.
Fiequonci Nav Nav than4 | Stikes | ral | ruptur]lgnitio| Frequenc| jetfire | No. of fetfire | Ho.of Fatality | No, of Fatality | No. of of Total
y Span | span knots | bridge | failure] e n y Outcome exposure| fatalities| PLL |exposure| fatalities [ PLL Raie | fatalities| PLL Rate | fataliies| PLL | fatalities{ PLL Freg |
16 800 800 800
0.3 Pipeline ruptures (NG or WO) la 1 16 0.25 260 033 264 480
0.5 | y Fatalities from jet, pool fite & collision
y o7 Fatalities from head on collision o|b 0.33 264 264
n Speed assumed to be >=8 knots
Y 0.5 Fatalities from head on collision o{b 033 264 264
0.018 n Speed assumed to be >=8 knots
headon| 1 7.35E-09]Fatalities from head on collision o |b 0.33 264 194E-06] 264 1.94E-06|7.35E.-09)
1.0 n Speed assumed to be >=8 kaots
y 0.33 1.36E-06|Fatatities from nudging fenders on{c
0.00 oudge Spoed sssumod to be >=8 kfiols |
¥ oer .. . 2 77606 Fatalitles fron glancing fendara o |d
minor glance Speed assumsd to be >=8 knots
442 0.05 2.15E.07]Severe glancing impact ento struc|e
n Speed assumed to be 4 knots
0.3 |5.02E-10|Pipeline ruptures (NG or WO) a 1 18 187608 025 200 2.34E.07 033 264  133E-07] 480 3.86E-07|5.02E-10|
25 y Fatalities from jet, pool fire & collislon
0.002262 y 0.7 _[1.17E-09|Fatalities from head on collision o[b 033 284 309E-07] 264 3.00E.07[1.17E-09]
1 n Speed assumed to be >=8 knats
y 0s 1.67E-09]Fatalities from head on cofiislon o |b 033 264 A4.42E-07] 264 4.42E.07[1.67E-09
0.0018 n Speed assumed to be >=8 knots
head on £atalities from head on collision o]b 033 264 264
0.85 n Speed assumed to be >=8 knots
y 033 6.19E-07|Fatalities from nudging fenders on|c
nudge Speed assumed to be >=8 knots
0,0009 0,67 1.24E-06] Fatalities from glancing fenders a |d
Y minor glance Speed assumed to be >=8 knots
1.00 0.05 9.79E-08| Savere glancing impact onto strucfe
n n Speed assumed to be 4 knols
0.9291 2.26E-03{Boat passes under bridge f
n
8.52E.09
Outcomes Check sum Yotal PLL 3.08E-06
cool
a  Nawral gas 7 Oil pipeline
b Head on collison > & knols
¢ Nudging collision > 8 knots
d  Glancing cellision > 8 knols
e Severe glancing impact onto structure. LOP
f  Straight through

N

N



Event tree for passage through Fremantle Bridge

Boat Name :
viD02D

Coda

Design Option 2

Vessel 1

Widening of navigation spans
Downstream of bridge, travelling from the harboir

People exposed on bridge

Consequences Bridge

Immediate

People exposed on boat

Events %E!‘.-‘I,@Q‘l?.i_aﬂat
1 2 3 4 5 6 7 8 g 10 11 f'mgﬁ‘, 13 14 Fu!gﬂ, 135 17 18 19 20 18 19 20 21 22 23
Shikes at GaslO)| Rate Rate Boat Boat
Strikes | speed CauseslilPipeli from from Collision Collision
Suikes{ Non greater Structuf ne pool and pool and Glancing Head On Total No.
Frequenc] Nav Nav than 4 | Strikes| ral | ruptur |tgnitiojFreq jetlice | No. of jetfire | No. of Fatality | No. of Fatality | No. of of Total
Yy Span | span knots | bridge { failure ] e n 4 Outcome exposure fatalities; PLL |exposure] fataities{ PLL Rate |falalties] PLL Rate |fatalties| PLL |fataliies] PLL Freg
16 300 8§00 800
03 Pipeline ruptures {NG or WO) a 1 16 0.5 4C0 0.33 264 680
| y Fatalities from jet,pacl fire & ¢ollision
y Lov Fatalities irom head on collision o{b 033 264 264
n Speed assumed to be >=8 knots
y Fatalities lrom head on collision ofb 033 264 284
0.0018 n Speed assumad to be >=8 knots
headon| 1 7.3SE-09; Fatalities from head on collision o[b 0.33 264 194E-06] 264 1.94E-06|7 35£-09
1.0 n Speed assumed ta be >=8 knols
y 0.33 1.36E-08| Fatalities from nudging fendess on|c
0.00 nudge Speed assumned to be >=8 knots
y 0.67 272E-06]Fatalities fram glancing fenders o jd
minor glance | Speed assumed to be >=8 knals
442 0.05 2.15E-07] Severe glancing impact onto struc|e
n Speed d fo be 4 knots
0.3 |1.00E-09|Pipeline ruptures {NG or WO) a 1 16 3.75e-08| 05 400 937€.07 0.33 264 265E-07| 680 1.24E-061.00E-09|
1 Y Fatalities from jet,pool! fire & collision
0.002262 y 0.7 [2.34E.09|Fatalities from head on collision o{b 0.33 264 6.18E-D7f 264  6.18E-07|2.34E-09
1 n Speed assumed to be >=8 knats
y Fatalities from head on collision o |b 0.33 264 264
00013 n Speed assumed to be >=8 knots |
head on Fatafities from head on collision o |b 0.33 264 264
0.95 n Speed agsumed o be >=8 knotls
y 0.33 6.19E-07| Fatalities from nudging fenders on|c
nudge Speed assumed to be >=8 knais
0.0008 0.67 1.24E-06| Fatalities trom glancing fende:s o |d
y minor glance Speed assumad to be >=B knots
1.00 9.79E-08| Severe glancing impact onto struc|e
n Speed assumed o be 4 knots
0.9991 2.26E-03{Boat passes undes bridge f
n
9.66E-09
Qutcomes Check sum Total PLL 3.80E.08
cool
a  Natural gas / Oit pipeline
8 Head on collison > 8 knots
¢ Nudging coflision > 8 knots
d  Glancing collision > 8 knots
¢  Severe glancing impact onto structure. LOP
t  Straight through

¢
|
{




Event tree for p ge through FI le Bridge
Boat Name : Vessel 2
Cade V2DO1 Up
Design Optian 1 Additlon of dolphins and fender strengthening People exposed on boat
Upstream of bridge, travelling Into the harbour People exposed on bridge immediate
Events Consequences Bridge Consequences Boat
1 2 3 4 S 6 7 8 9 10 11 F,!&i{, | 13 14 r_liﬂ, | 15 17 18 19 20 18 19 20 21 22 23
Strikes at GasfO Rate Rate Boat Boat
Strikes | speed Causes|ilPipeli fiom from Coltision Collision
Strikes] Non greater Steuctu| ne pool and pool and Glancing Head On Total No.
Frequenc] Nav Nav than4 | Strikes | ral | ruptur {lgnitio] Frequenc jetfire | Mo, of jetiire | No. of Fatality | No. of Fatality | No. of of Total
¥ Span | span § knots | bridge | failure] e n y  |Outcome suref fatafities| PLL PLL Rate ifatalities| PLL Rate |jatalities| PLL {fatabties] PLL Fteq
16 525 525
03 Pipeline ruptures (NG ot WO)  |a 1 18 026 13125 033 173 3208
0.5 ¥y Fatalities from jet,poul fire & collision
y 0.7 Fatalities from head on collision o fb 0.33 173 17325
n Speed assumed to be >=8 knots
y 05 : Fatalities from head on coltisiona[b 0.33 173 173.25
0.0018 n Speed assumed to be >=8 knots
headon| _ 1 9.21E-08| Fatalities from head on collision o |b 033 173 1.60E-05| 173.25 1.60E-05/9.21E-08)
1.0 n Speed assumed to be >=8 knols
¥ _033 {1 TOE-05{ Futaliies frots nudging lendots on|c
002 nudge e o | Sinol wasuniod ta bo =ulf knols
y 0.67 3.40E.05|Fatalities from gtancing fenders o {d
minor glance Speed assumed to be >=8 knots
390 0.05 2 6SE-06] Severe glancing impact onto stiucfe
n Speed assumed to be 4 knots
0.3 | 1.67E-09]Pipeline ruptures (NG or WO) a k] 16 6.25E-08f 0.25 13125 S513E-07 033 173 280E.07] 3205 B8.65E-07|1.87E-09]
0.5 ¥ Fatalities from jet poal fire & collision
0 002564 y 0.7 |3.91&-09|Fatalities from head on collision o |b 0.33 173 G T7E.07) 173.25 6.77E-07[3.91E-09)
1 n Speed assumed to be >=8 knots
y 0.5 5.58E-09|Fatalities frorn heat on collision o b 0.32 173 9.67E-07| 173.25 9.67E-07(5.58E.09
0.0018 n Speed assumed to be >=8 knots
head on Fatalities from head on collision o |b 0.33 173 173.25
0.9 n Speed assumed to he >=8 knots
y 0.33 2.06E-06|Fatalities from nudging fenders on|c
nudge Speed assumed to be >=8 &nots
0.0026 0.67 4.13E-06}Fatalities from glancing fenders o jd
Yy minor glance Speed assumed to be >=8 knots
0,98 0.05 3.26E-07|Severe glancing impact onto struc|e
n n Speed assumed to be 4 knats
0.8974 2.50E-03]Boat passes under bridge ¢
n
9.60E-08
Outcomes Check sum Total PLL 1.85E.05
caool
a  Naturat gas / Ol pipeline
b Head on collison > 8 knots
¢ Nudging collision > 8 knots
d  Glancing collision > 8 knots
e  Severe glancing impact onto structure. LOP
f Straight through
/* N ‘/ \\
{ L/




Event tree for passage through Fremantie Bridge

Boat Name ; Vessel 2
Code Y2001 D

Daslgn Option ¢

Addition of dolphins and fender strengthentng

People exposed on boat

Downstream of bridge, travelling from the harbour People exposed on bridge immediate
Events Canseq es Bridge CMEIB“LM
1 2 3 4 5 6 7 8 9 10 b IS jﬁk 13 14 e, ?&ﬂ 16 17 18 19 20 18 19 20 21 22 23
Fatdiity Fetdity
Strikes at Gas/O| Rate Rate Boat Boat
Stiikes | speed Causes| ilPipelj from from Collision Collision
Strikes| Non greater Structu| ne pool and pool and Glancing Head On| Total No.
Frequenc| Nav Nav than4 | Stikes | ral [ ruptur | Ignitio] Frequenc jetfite | No. of jetfire | No, of Fatalty | No. of Fatality | No. of of Totaf
¥ Span | span knots | bridae ] failure | e n y Outcome: exposuref fatalities] PLL jexposure| fatalisies| PLL Rate |fatalities] PtL Rate |fatalities| PLL |fatalties] PLL Freq
16 525 525 525
0.3 Pipeline ruptures (NG or WO) la 1 16 05 2625 0,33 173 451.75
1] y Fatalities from jet, pool fire & coffision
Y .07 Fatalities from head on collision o |b 033 173 17325
n Speed assumed to be >=8 knots
y Fatalities from head on collision o {b 0.33 173 173.26
0.0018 n Speed assumed to be >=8 kaots
headon] __ 1 1.75E.08| Fatalities from head on collision o|b 0.33 178 304£-08| 173.25 3.04E.08[1.75E-08|
1.0 n Speed assumed to be >=8 knots
¥ 0.33 3,24E-06 Fatalities lrom nudging fenders onjc
0.00 nudge Speed assumed to be >=8 knots
y 087 8.48E-06]Fatalities trorn glancing fenders o |d
minor glance Speed assumed to be >=8 knots |
390 0.05 5.13E-07|Severe glancing impact onto strucfe
n Speed assumed tobe 4 knots |
0.3 [3.41E.09/Pipeline ruptures (NG or WO} a 1 16 12707 0S5 2625 205E.08 0.33 173 S5.90E.07| 451.75 2.80F.08{3.41E£.08
1 y Fatalities from jet,pool fire & collision
0.002564 y | 0.7 {7.956.08|Fatatities from head on collision o]b 033 173 1.38E-06| 173.25 1.38E-08{7.95E-09
1 n Speed assumed to be >=8 knots
y Fatalities from head on collision o|b 033 173 173.25
0.0018 ) Speed assumed to be >=8 knots
head on Fatalities from head on collision o|b 033 173 173.25
085 n Speed assumed to be >=8 knots
y 0.33 2.10E-06]Fatalities from nudging fenders on|c
nudge Speed assumed to be >=8 knols
0.0026 0.67 4.20E-08]Fatalilies from glancing fenders o |d
Yy minor glance Speed assumed to be >=8 knots
1.00 0.05 3.32E-07|Severe glancing impact onto strucle
n Speed assumed to be 4 knots
0.9974 2.55E-03]Boat passes under bridge H
n
2.55€-08
Outcomes Check sum Tolal PLL 7.39806
cool
a  Natural gas / Ol pipeline
b Head on collison > 8 knots
¢ Nudging collision > 8 knots
d  Glancing collision > 8 knots
e  Severe glancing impact onto structure, LOP
t  Straight through
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Event trea for passage through Fremantle Bridge

Boat Name ¢ Vessol 2
Code v2po2up
Dasign Option 2 Widening of navigation spans Peopte exposed on boat
Upstream of bridge, travelllng Into the harbour People exposed on biidge lsnmediale
Events Consequences Brldge Canseguences Boat
1 2 3 4 5 5] 7 a 9 10 Rkl 13* 13 14 -~ 3&4& [ 1€ 17 18 19 20 13 18 20 21 22 23
Fatéiity Faldtity
Strikes at GasiO Rate Rate Boat Boat
Strikes | speed C: iIPipeli ftom from Cotlision Collision
Strikes| Non | greater Slructu) ne pool and pool and Glancing Head On Total No.
Frequenc| Nav Nav than4 | Stiikes| ral | ruptur | tgnitio]Frequenc| jetfire § No.of jetfira | No, of Fatality | No.of Fatality { No. of of Totat
y Span | span | knols | bridge | failure| e n y __ICutcome PLL [exposure| fatalisies| PLL Rate |fatalities) PLL Rate I‘alglzltsnes PLL | fatalities] PLL | Freq |
525 5§25
03 Pipeline suptures (NG or WO) Ja 1 18 025 13125 0.33 173 3205
os [y Fatalitias {rom jet,pool fire & collision
y 1.07 Fatalities from head on collision o|b 033 173 173.25
n Speed assumed to be >=8 knots
¥ 0.5 Fatalities from head on collision o |b 033 173 173.25
0.0018 n Speed assumed to be >=8 knots
headon| 1 B8.33E-09|Fatalities from head an collision o [b 033 173 144E.06f 17325 1.44E-06|8.33E.09]
10 n e | Speed assumed to ba >=8 knots |
Y 033 1 548-00 Futulitlos from nudplng tendors onlc
090 nudge Speodt assuniod to bo >w8 khols
y 0.67 3.08E-06{Fatalities from glancing fenders o fd
minor glance Speed assumed to be >=8 knots
350 0.05 2.44E-07}S lanciag impact onto st
n Speed assumed to be 4 knols:
0.3_15.69€-10|Pipeline ruptures (NG or WO) a 1 16 212E08] 025 131.25 1.74E.07 .33 173 986E-08| 3205 2 94E-07/5.68C-10
o5 [y Fatalities from jet.pool fite & collision
0.002564 y | 0.7 _|1.33E-09(Fatalities from head on collision o |b 0.33 173 230E-07| 173.25 2.30E-07{1.33E-09
1 n Speed assumed to be >=8 knols
y 0.5 1.90E-09|Fatalities from head an coliision o{b 033 173 3.2BE-07f 173.25 3.29E.07{1.80E-09
0.0018 n Speed assumed to be >=8 knols
head on| Fatalities from head on callision o |b 033 173 173.25
0.95 n Speed assumed to be >=8 knots
Y 0.33 7.01&-07|Fatalities from nudging fenders on|c
nudge Speed assumed to be >%8 knots
0.0009 0.67 1.40E-06|Fatalities from glancing fenders o |d
y minor glance Speed assumed to be >=B knots
1.00 0.05 1.11E-07| Severe glancing impact onto struc|e
n Speed assumed to be 4 knols
0.9991 2.56E-03|Boat passes under bridge f
n
$.68E-03
Quicomes Check sum Totat PLL 2.30E.08
cool
a  Natural gas 7 Oil pipeline
b Head on ¢ollison > 8 knots
¢ Nudging collision > 8 knols
d  Glancing collision > 8 knots
e  Severe glancing impact onto strusture, LOP
f Straight through




Event trae for ge through Fr Bridge
Boat Name ¢ Vessel 2

Code v2p020D

Deslgn Option 2 Widening of navigation spans

Downstream of bridge, travelling fram the harbour

People exposed on bridge

People exposed on boat

Events Consegquences Bridge cLsegﬁence—sBoat
1 2 3 4 5 6 7 8 9 10 11 ."J&H‘, 13 :'J;ﬁiz, 13 17 18 19 21 22
Strikes at GaslO Rate Rate Boat
Strikes | speed CauseslilPipeli from from Collision
Strikes| Non greatet Steuctu| ne poot and pool and Head On Total No.
Frequenc| MNav Nav | thand § Strikes| ral |ruptur|ignitio|Frequenc jetfire | No, of jetfire | No. of Fatality | No. of of Totat
Y Span | span knots _{ bridge | failure] e n Y Outcome exposure] fatalities exposure] fatalities Rate | fatalities fatalities] PLL
16 §25 525
[1X] Pipeline ruptures (NG orWO)  |a 1 16 0.5 262.5 0.33 173 451.75
1 y Fatalities from fet pool fire & collision
y [ 0.7 Fatalities from head on collision o |b 0.33 173 17325
n Speed assurmed to be >=8 knols
y Fatalities from head on coffision o |b 0.33 173 173.25
6.0018 n Speed assumed {o be >=8 knots
headon|__1 8.33E-09]Fatalities from head on collision o {b 0.33 173 173.25 1.44E.06
1.0 n ed assumed to ba >=8 knots
y 033 1.54E.06[Fatalities from nudging fenders on|¢
0.00 nudge Speed assumed {o be >=8 knots
y 0.67 3.08E-06] Fatalities from glancing fenders o |d
minor glance Speed assumed to be »=B knots
390 0.05 2.44E-07| Severe glancing impact onto strucle
r Speed assumed to be 4 knots
0.3 _[1.14E-09(Pipeline ruptures (NG or WQ) a 1 16 4.25E-08] 05 2625 6.97E-07 0.33 173 45175 9.37E.07|
1 y Fatalities from Jet,poot fire & collision
0.002564 ¥ 0.7 {2.65E-09{Fatalilies from head on collision o]b 0.33 173 17325 4.60E.07
1 n Speed assumed to be >=8 kncls
Y Fatalities from head on collision o|b 0,33 173 17325
0.0018 n Speed assumed to be >=8 knots
head on Falalities from head on coilision ¢ |b 033 173 17325
0.95 n Speed assumed to be >=8 knols
y 033 7.01€E-07|Fatalities from nudging fenders on|c
nudge Spead assumed fo be >=8 knots
0.0009 0.67 1.40E-06] Fatalities from glancing fenders o |d
y rainor glance Speed assumed to be >=8 knots
1.00 0.05 1.11€.07| Severe glancing impact onto struc|e
n n Speed assumed {o be 4 knots
0.9991 2.56E-03|Boat passes under bridge t
a
1.10E-08
Qutcomes Check sum Total PLL 2.84E.06
cool
a  Natural gas / Olt pipeline
b Head on collison > 8 knots
c Nudging coltision > 8 knots
d  Glancing collision > 8 knots
e  Severe glancing Impact anto structure. LOP
f Straight through




Eventtrae for passage through Fremantle Bridge

Boat Name :

Vessel 3

Code V3 DO1 UP
Design Option 1

Addltion of dolphins and fender strengthening

People exposed on boat

Upstream of bridge, travelling Into the harbour People exposed on bridge Immediate
Events Conse Bridge Consequences Boat
1 2 3 4 5 6 7 8 9 10 1 F..?git, 13 14 Fm 18 17 18 19 20 18 19 20 21 22 23
Strikes at Gas/C| Rate Rate Boat 8oat
Stiikes | speed CauseslilPipeli from Callision Callision:
Strikes| Non greater Structuf ne poot and Glancing Head On Total No
Frequenc| Nav Nav than4 § Stiikes| ral | ruptur [ignitio|Frequenc, jetfire | No.of Fatality | No. of Fatality | No. of of Total
y Span | span kacts | bridge | faifure| e n Y Quicome exposuref fatalities{ PLL PLL Rate jfatalilies] PLL Rate |fatalities| PLL | fatatties| PLL Freq
P pan_| [ bridge | 16 450 450
03 Pipeline ruplutes (NG or WO} |a 1 16 0.25 1125 033 149 277
05 [y Fatalities from jet,poot fire & collision
y |07 Fatafities from head an collision o {b 033 148 148.5
n Speed assumed to be >=8 knots
y 0.5 Fatalities frorn head on collision a{b 033 149 148.5
0.0018 n Speed assumed to be >=8 knots
headon| 1 8.21E-084Fatalitles from head on collision o |b 033 149 1 37E.06] 148.5 1.37E.05]8 21E-08
10 n - Spegod assumead to bs >=8 knots_|
4 Q43 _ _ |1 70G-05[Futulilion from nudging fenders onjc
0.02 nudge Spoed asaumed 1o be »=H# knolu
y 0.67 3.40E-05|Fatalities from glancing fenders o |d
minor glance Speed assumed to be >=8 knots
380 0.05 2.69E.06| Severe glancing impact onto struc|e
n Speed assumed to be 4 knats
0.3 [1.67E-09]Pipelina ruptures (NG or WO) a 1 16 6.25E.08) 028 1125 4.39E.07 033 142 248E-07] 277  7.51E.07]1.67E-08)
05 | 1% Fatalilies from et poo fire & collision
0.002584 y | 0.7 [3.91E-09|Fatalities from head on callision o]b 0.33 149 580E.07] 1485 580E-07|3.91E-09
1 n Speed assumed to be >=8 knots
y 05 5.58E-09|Fatalities from head on collision ¢ [b 033 149 B8.29E-07| 1485 8.20E.07?}5.58E-09)
0.0018 a Speed assumed to be >=8 knots
head en Fatalities from head on collision o |b 0.33 149 148.5
0.85 n Speed assumed to be >=8 knots
¥ .33 2.08E.06| Fatalities from nudging fenders on|e
nudge Speed assumed to be >=8 knots
0.0026 0.87 4.13E-08} Fatalities from glancing fenders o |d
y minor glance Speed assumed to be >=8 knots
0.98 0.05 3.26E.07| Sevete glancing impact onto struc|e
n n Speed assumed to be 4 knots
0.9974 250E-03|Boat passes under bridge {
n
9.60E-08
Outcomes Check sum[2.66E-03] Total PLL 1 58E.05
cool
a  Natural gas/ Oll plpefine
b Head on collison > 8 knots
c Nudgiag coflision > 8 knats
d  Glancing collision > 8 knots
e  Severe glancing impact onta structure. LOP
H Straight through
. /\)
| S

N



Event tree for p ge through Fr le Bridge

Boat Nama: Vessel 3

Code v3Dpoi D

Design Option ¢ Addition of dolphins and fender strengthening

People exposed on boat

Downstream of bridge, travelling {rom the harbour People exposed on bridge Immediate
Events Consequencas Bridge Consequences Boat
1 2 3 4 5 6 7 8 9 10 M ~ Jﬁﬂ l 13 14 E 15.: i€ 17 18 19 20 18 19 20 23 22 23
Fatifiity Fatdity
Strikes at GasfO Rate Rats Boat Boat
Strikes| speed CausesiitPipeli from from Collision Collision
Stiikes{ Non | greater Stuctu] ne poo! and pael and Glancing Head On Total No |
Frequenc] Nav Nav than4 | Stikes] ral {ruplur|lgnitio} Frequenc] jetfice | No. of jetlira | No, of Fatality | No. of Fatahly | No of of Total :
¥ Span | _span knots | bridge | failure] e n Y Outcome exposure| fatalities| PLL |exposure| fataliies| PLL Rate ] fatalities| PLL Rate |fataliies| PLL |} fatalities| PLE Freq | ;
) 16 450 450 450 i
03 Pipeline ruptures (NG orw0)  |a 1 16 05 225 0.33 149 388.5
1 ] y Fatalities from jet,pool fire & collision
y {07 Fatalities from head on collision o [b 0.33 149 1485
n Speed as d to be >=8 knots
y Fatalities from head on coflision o|b 033 149 1485
0.0018 n Speed assumed to be >=8 knots
headon| 1 1.75€-08|Fatalities from head on cofiision o |b 033 149 260E-06| 1485 260E-06]1,75E.08| ¢
1.0 n Speed assumed to be >=8 knots :
y 0.33 3,24E-06|Fatalities from nudging fenders onjc :
0.00 nudge Speed assumed to be >=8 knots .
y 0.67 6.48E-06| Fatalities from glancing fenders o |d i
minor glance Speed assumed to be >=8 knots :
390 0.05 6.13E.07|Savere glancing impact onto strucie
n Speed assumed to be 4 knots
0.3 |3.41E.09|Pipeline cuptures (NG or WO) a 1 16 1.27E.07] 05 225 1.79E.0B 0.33 149 SOGE-07) 3895 2 42E.08|3.41E-00
1 y Fatalities from jet poot fire & collision
0.002564 y 0.7 17.95E-09]Fatalities from head on collision o|b 0.33 149 1.18E-06] 148.5 1.18E.08|7.95E.08]
1 n Speed assumed to be >=B knots .
¥ Fatalities from head on collision o {b 0.33 149 948.5
0.0018 o Speed assumed to be >=8 knols
head an Fatalities from head on collislon o |b 0.33 149 148.5
0.95 n Speed assumed to be >=8 knots
y 0.33 2,10E-08]Fatalities from nudging fenders onjc
nudge Speed assumed to be >=8 knots
0.0026 0.67 4.20E-06|Fatalities from glancing fenders o |d
Yy minor glance Speed assumed to be »=8 knots
1.00 0.08 3.32E-07Severe glancing Impact onto strucie
n n Speed assumed to be 4 knots
0.9974 2.55£.03|Boat passes under bridge f
n
2.55E.08 :
Outcomes Check sum Total PLL 6 21E.06
- cool
a  Natural gas / Qil pipefine
b Head on calfison > 6 knots
¢ Nudging collision > 8 knats
d  Glancing collision > 8 knots
e  Severe glancing impact onto structure. LOF :
t Straight through :




Event tree for passage through Fremantie Brldge
Boat Name: Vesset 3
Code v3iDo2upP

Design Optlon 2 Widening of navigation spans People exposed on boat
Upstream of bridge, traveiling Into the harbour People exposed on bridge immediate
Events Conseguences Bridge  Conseguences Boat
1 2 3 4 5 6 7 8 9 10 khl 5'..!3&, 13 14 r..!éu, | 13 17 18 19 20 18 19 20 21 22 23
Strikes at GasfO Rate Rate Boat Boat
Strikes | speed Causes|ilPipeli Collision Collision
Shikes| Non | greater Structu] ne Glancing Head On Totat No.
Frequenc| MNav Nav than 4 | Strikes{ fral | ruptur]ignitio|Frequenc| Fatality | No. of Fatality | No. of of Total
y Span | span knots | bridge | failure | e n y Oulcome PLL PLL Rate | fatalities| PLL Rate |fatahtiesj PLL | fatalities} PLL Freq |
L 450 450°
0.3 Pipeline ruptures (NG or WO} la 1 16 0.25 1125 0.33 149 217
os [y Fatalities {rom jet,poal fire & colliston
y 0.7 Fatalities from head on collision o b 0.33 149 148.5
n Speed assumed to be >=8 knats
y 0.5 Fatalities from head on collision o{b 0.33 149 148.5
0.0018 a Speed assuted to be >=8 knols
headon| 1 __ . |833E-09|Fatalities from head on collision o]b 033 149 1 24E-06] 1485 1 24E-D8|8 33E.09)
10 . n | Spoed gasumod {o be >=8 knols | )
y 2023 | 3 SAE-08|Fatalitios from nudging fenders onje
0.00 nudge Speed assumed to be >=8 knots
y 0.67 3.08E-06]F atalities from glancing fenders o (d
minor glance Speed assumed to be >=8 knots
3%0 0.05 2.44E-07| Severe glancing impact onto struc|e
a Speed assumed to be 4 knols
0.3 {5.69E-10|Pipetine ruptures (NG or WQ) a 1 16 2.12E.08] 0.25 “126 1.49E.07 033 149 8 45E-08] 277 2.55E-07|5 6BE-10)
0.5 ¥y Fatalities feorm jet,pool fire & collision
0.002564 y |_0.7 [1.33E-09|Fatalities from head on collision o |b 0.33 148 1.97E-07| 1485 1.97E.07|1.33E-05
1 n Speed assumed to be >=8 knots
¥ 0.5 1,90E.09|Fatatities from head on callision o]b 0.33 149 2,82€-07| 148.5 282E-07/1.90E-09)
0.0018 0 Speed assumed to be >=8 knots
head on Fatalities from head on collision oib 0.33 149 1485
085 n Speed assumed to be >=B knots
4 0.33 7.01E-07 |Fatalities from nudging fenders onjc
nudge Speed assumed to be >=8 knots
0.0009 0.67 1.40E-0B| Fatalities from glancing fendets o |4
y minor glance Speed assumed to be >=8 knots
1.00 0.05 1.41E.07]Severe glancing impact onto struc|e
n n Speed assumed to be 4 knots
0.8991 2.56E-D3}Boat passes under bridge f
n
9.66E.08
Outcomes Check sum[2.566-03] Tolal PLL 1.975.06
cool
a  Natural gas ! Oll pipeline :
b Head on collison > 8 knots :
¢ Nudging collision > 8 knots .
d  Glancing collision > 8 knots !
e  Severs glancing impact onto stracture. LOP :
f  Straight through




Event tree for passage through Fremantle Bridge

Boat Name : Vessel 3
Code v3DO2D
Design Option 2 Widenlng of navigation spans People exposed on boat
Downstream of hridge, travelling from the harbour People exposed on bridge immediate
Events Cansequences Bridge __Conseguences Boat
1 2 3 4 5 6 7 8 9 10 M . !&ﬁ 13 14 P .gd 16 17 18 19 20 18 19 20 21 22 23
Fatdity Fatdity
Strikes at Gas/O Rate Rate Boat Boat
Strikes | speed Causes|ilPipeli from fiom Collisian Collision
Strikes| Non | greater | Struclu| e pool and pool and Glancing Heas On Total No.
Frequenc| Nav Nav than4 { Strikes | ral | ruptur |ignitio]Freqy jetfira | No. of jetfira | No. of Fatality | No. of Fatality { No. of at Totat
Y Span | span knots ¢ bridge | failure | e n Y Qutcome exposurei fatalittes| PLL PLL Rate |fatalilies] PLE Rate |fatalities| PLL |fatalihes] PLL Freq
16 450 450
0.3 Pipeline ruptures {NG or WQ) la 1 16 05 225 033 149 389.5
1 y Fatalities from jet,pool fire & coflision
y |07 Fatalities lrom head on collision o |b 033 149 1486
n Speed assumed to ba >=8 knots
Y Fatalities from head on collision o{b 0.33 149 1485
0.0018 n Speed assumed to be >=8 knots
headon} 1 8,33E-09fFatalities from head on collision o |b 0.33 149 1,24E.08] 148.5 1.24E.06]8.23E.09
1.0 n Speed assumed to be >=8 knots
y 0.33 1.54E-06Fatalities from nudging fenders on|c
0.00 nudge Speed assumed to be >=8 knots
y 0.67 3.08E-06|Fataiities from gtancing fenders o |d
minar glance Speed assumed to be >=8 knots
330 0.05 2.44E€-07|Severe glancing impact onto strucie
n Speed assumed to be 4 knots
0.3_]1.14E.09|Pipeline ruptures (NG or WO) a 1 16 A25E.08) 05 225 5897E.07 033 149 1 69E-07| 3895 8.09E-07|1.14E.09
1 y Fatalities from jet pool fire & collision
0.002564 y 0.7 12.65€-09]Fatalities from head on collision o1b 0.33 149  3.94E.07| 148.5 3.94E-07}2.65&-09)
1 n Speed assumed to be >=8 knots
y Fatalities from head an collision ojb 0.33 149 148.5
0,0018 n Speed assumed to be >=8 knots
head on Fatalities from head on collision o|b 033 149 1435
0.95 n Speed assumed to be >=8 knots
¥ 033 7.01E-07|Fatalities from nudging fendars an|c
nudge Speead assumed to be >=8 knots
0.0009 0.67 1.40E-06| Fatalities from glancing fenders o |d
y minor glance Speed assumed fo be >=8 knols
1.00 0.08 1.11E€-07|Seveie glancing impact onto strucje
n n Speed assumed to be 4 knots
0.9881 2.56E-03]Boat passes under bridge t
n
1.105-08
Outcomes Check sum Tolal PLL 2.44E-06
cool
a Natural gas / Oil pipeline
b Head on collison > 8 knots
¢ Nudging collision > 8 knols
d  Glancing collision > 8 knots
e  Severe glancing impact onto stiucture. LOP
f  Straight through




Evanttree for p ge through Fr le Bridge
BoatName : Vesse! 4
Code V4 DOt UP
Deslgn Option 1 Additlon of dolphins and fender strengthening People exposed on boat
Upstream of bridge, travelling into the harbour People exposed on bridge Immediate
Events °°MMESG_PJMH'M“
1 2 3 4 5 6 7 8 9 10 18 - 1&! 13 14 - 13* 15 17 18 19 20 18 19 20 21 22 23
Fatdlity- Foigtity-
Strikes at GaslO| Rate Rate Boat Boat
. Strikes | speed Causes|ilPipeli from from Collision Collision
Strikes| Non | greater Structu| ne pooland pool and Glancing Head On Total No.
Frequenc| Nav Nav than 4 | Strikes | ral | ruptur {lgnitio| Frequenc Jetfire | No. of jetfire | No.of Fatality | No. of Fatality | No. of of Total
y Span | span knots | bridge | failure | e n y |Ovicome exposure| fatalities| PLL _|exposure]| fatalities] PLL Rate |fatalities| PLL Rate |tatalties]| OLL |fatalties| PtL Freq |
16 400 400 400
0.3 Pipeline ruptures (NG ar WO) la 1 16 0.25 160 0.33 132 248
05 | y Fatalities from fet,pool fire & collision
y |07 Fatalities from head on collision o {b 0.33 132 132
o] Speed assumed to be >=B knots
[ a5 Fatalities from head on collision ob 033 132 132
0.0018 n Speed assumed to be >=8 knots
headon| _ 1 . ___ . . |460E.08|Fatalities from head on collisian ¢ 1b 033 132 60BE-06] 132 6 0BE-06)4 GOE-08|
19 n _ |Spoed wasumed fo ho »ut kials
a9 il 00§ plaiitien o nudging lendeain onfe
0.02 nudge |Spoed assunied to be >=8 knols
y 0.67 7.70E-05] Fatalities from glancing fenders o |d
minor glance Speed assumed to be >=8 knots
780 0.05 1.35E-08] Severe glancing impact onto struc|e
n Speed assumed to be 4 knots
0.3 {8 37E-10|Pipeline ruptures (NG or WO} a 1 16 3.126-08] 0.25 10 1.95€-07 0.33 132 110E.07f 248 3.37E-07{8 37E-10|
0.5 y Fatalfities from jet, pool fire & collision
0.001282 ¥ 0.7 _}1.95E-09Fatatities from head on collision o |b 0.33 132  258E.07] 132 2 58E-07|1.95E-09
1 n Speed assumed to be >=8 knots
y 9.5 2.79E-09| Fatalities from head on collislon o |b 0.33 132 368E.07] 132 3.8BE-07/2.70E-09
0.0018 n Speed assumed to be >=8 knots
head on| Fatalities from head on collision o |b 033 132 132
0.95 n Speed assumed to be >=8 knots
Yy 0.33 1.03E-06|Fatalities from nudging fenders on(c
nudge Speed assumed to be >=8 knats
0.0026 0.67 2.06E-06| Fatalities from glancing fenders o |d
Yy minor glance Speed assumed to be >=8 knols
0.88 0.05 1.63E-07| Severe glancing impact onto st
n n Speed assumed to be 4 knols
0.9974 1,25E-03]Boat passes under bridge t
n
4.80E.08
Outcomes Check sum[1.28E-03} Total PLL 7.04E.06
cool

-0 0 T®

Natural gas / Oil pipeline

Heax on collison > 8 knots.

Nudging cotlision > 8 knots

Glancing collision > 8 knots

Severe glancing impact onto structure, LOP
Straight through
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Event tree for p through F tle Bridge
BoatName : Vessel 4
Code V4 D01 D
Design Optlon 1 Addition of dolphins and fender strengthening People exposed on boat
Downstream of bridge, travelling from the harbour People exposed on biidge Immediate
Events Consequences Bridge Consequences Boat
1 2 3 4 ] 5] 7 8 ] 10 11 Fugit, 1 13 14 Fnlait, 16 17 i8 19 20 18 19 20 21 22 23
Strikes at Gas/O| Rate Rate Boat Boat
Strikes | speed Causes|ilPipeli from from Collision Collision
Strikes{ Non greater Structu| ne pool and pool and Giancing Head On Tota! No.
Frequenc| Nav Nav than4 | Strikes | ral | ruptur | Igaitio] Freq jetfire | No. of jetfice | No. of Fatality [ No. of Fatality | No. of af Total
y Span | span knots | bridge ] failwre | e n y Qutcome exposure| fatalities| PLL _|exposure| fatatities| PLL Rate |fatalities| PLL Rate |falalities| PLL | fatalities| PLL Freq
16 4C0 400 400
03 | Pipeline ruptures (NG orWQ)  fa 1 16 05 200 0.33 132 348
1+ [y Fatalities from jet,pool fire & collision
y Lo7 Fatalities from head on collision o]b 0.33 132 132
n Speed assumed to be >=8 knots
y Falalities from head on collision o |b 0.33 132 132
0.0018 n Speed assumed to be >=8 knots
headon| 1 8.77E-09]F atatities from head on collision o (b 033 132 1.16£-08] 132  1.16E.06{8.77€-09)
1.0 n Speed assumed to ba >=8 knots
¥ 033 1,62E-06| Fatalities from nudging fenders on|¢
0.00 nudge Speed assumed to bs >=8 knots
¥ 0.87 3.24E-08] Fatalities from glancing fenders o |d
minor glance Speed assumed to be >=8 knots
780 0.05 2.56E.07| Sevese glancing impact onto strucie
n Speed assumed to be 4 knols
0.3 [1.70E.08|Pipaline ruptures {NG or WQ) a 1 16  6.36E.08| 05 200 7 95£.07 033 132 220607 248 1.08E-06]1.70E-09)
1 Yy Fatalities from jet,pool fire & collision
0.001282 y 0.7 _|3.67E-00] Fatalities from head on collision o|b 0.33 132 525E-07| 132 S5.25E.07}3 97E.09
1 n Speed agsumed to be >==8 knots
y Fatalities from head on collision o |b 0.33 132 132
0.0018 n Speed assumed to be >=8 knots
head on: Fatalities from head on collision o |b 033 132 132
0.95 a Speed assumed to be >=8 knots
Y 0.33 1.05E-06 | Fatalities from nudging fenders on|c
nudge Speed assumed to be >=8 knots
0.0026 0.87 2.10E-06|Fatalitles from glancing fenders o |d
Y minor glance Speed assumed to be >=8 knots
1.00 1.65E-07|Severe glancing impact onto strucje
n Speed d to be 4 knots
0.9974 4,27E-03]|Boat passes under bridge f
n
4.27E-08
Quicomes Check sum m Totat PLL. 2.776-08
cool
a Naturat gas / Qil pipeline
b Head on collison > 8 knots
¢ Nudging collision > 8 knots
d  Glancing collision > 8 knots
e Severe glancing impact onto structure. LOP
§ Straight through

E
|
|
|
|
1



Event tree for passage through Fremantle Bridge

Boat Name : Vessel 4
Code  V4DO2UP
Design Option 2 Widening of navigation spans Pecple exposed on boat
Upstream of brldge, travelling Into the harbour People exposed on bridge Immediate
Events Consequences Bridge  Consequences Boat
1 2 3 4 5 8 7 -] 9 10 13 rﬂm i3 14 r“?g“ 16 i7 18 18 20 18 19 20 21 22 23
Strikes at Gas/O Rate Boat Boat
Strikes | speed Causes|ilPipeti from Collisian Collision
Strikes| MNon | greater Structu| ne poot and Glancing Head On Total No.
Frequenc} Nav Nav | thand4 { Stikesi ra! |euptur|ignitio)Freq jetfire | No.of Fatality | Na. of Fatality | No. of of Total
y Span | span | knots ngr_i_d_gg_ failure | & n y__]Out exposure] fatalities| PLL PEL Rate |fatalities| PLL Rate %s PLL |fatahties| PLL Freq
- 16 400
0.3 Pipeline ruptures (NG or WQ) la i 16 0.26 1C0 0.33 132 248
05 | Y Fatatities from fet pool fire & collision
y 107 Fatalities from head on caliision o [b 0.33 132 132
n Speed assumed o be >=8 knots
y 05 Fatalities from head on collision o |b 033 132 132
0.0018 n Speed assumed to be >=8 knots
headon] 1 4 17E-09|Fatalities frorn head on callision o{b 033 132 550E-07) 132 5.508-07|4.17€-09
1.0 n Speed assumed to be >=8 knots
Y 0.33 7.70E-07{Fatalities from nudging fenders on|c
000 nudge Speed as ] o be >=8 knols
% l.o87 en e | Y Bar-DO| Futuiitlos fiom pluncing fondors o |d
mmor glance Spesd assumed to bs ==8 kiots
780 0.05 1.22E-07| Severe glancing impact onto struc|e
n Speed assumed to be 4 knots
0.3 [2.84E-10]Pipeline ruptures (NG or WQ) a 1 16  1.06E-08; ©.25 100 6.64E08 033 132 375E-.08] 248 1 15E.07|2 84E-10
05 y Fatalities from jet,pool fire & eollision
0.001282 Y 0.7_|6.64E-10}Fatalities from head on coflision o [b 033 132 B876E-08] 132 B 76E-08(B.64E-10]
1 n Speed assumed to be >=8 knots
y 0.5 9.48E-10| Fatalities from head on collision o |b 0.33 132 1.256.07| 132 1,25E-07(9.48&.10,
0.0018 n Speed assumed o be >=8 knols
head on Fatalities from head on collision o |k 0.33 132 132
095 n Speed assumed to be >=8 knots
y 0.33 3.51E.07|Fatalities from nudging fenders on|c
nudge Speed assumed to be >=8 knots
0.0009 Q.67 7.01E-07|Fatalities from glancing fenders o |d
Yy minar glance Speed assumed to be >=8 knols
1.00 0.05 5.55E-08| Savere gtancing impact onto stiuc|e
n Speed assumedto be 4 knots |
0.9991 1.28E-03|Boat passes under bridge f
4]
4.83E-09
Cutcomes Check sum Total PLL 8.77E.07
cool
a  Naturat gas / Ol pipeline
b  Head on cotlison > 8 knots
¢ Nudging collision > 8 knots
d  Glancing collision > 8 knols
e Severe glancing impact onto steucture. LOP
f Straight through
,A N
| L
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Event tree for p ge through F tie Bridge
Boat Name:: Vessel 4
Code V4002 D
Deslgn Option 2 Widening of navigation spans Paople exposed on boat
Downstream of bridge, travelling from the harbour People expased on bridgs Immediate
Events Comyle_lmeﬂggg_m Cuﬂy‘ences Boat
1 2 3 4 5 & 7 B 9 10 1 F:&it, 13 14 :.“ia“, 186 17 18 18 20 18 19 20 21 22 23
Strikes at Gas/O Rate Rate Boat Boat
Strikes | speed Causes| ilPipeli from from Cotlision Collision
Stiikes| Non gieater Structu| ne pool and pool and Glancing Head On Total No.
Frequenc| Nav Nay than 4 | Strikes | ral | ruptur|lgnitio{Frequene jetfire } No.of jetfire | Mo. of Fatality | No, ot Fatalty [ No. of of Total
Y Span | span knots bridge | failure| e n y Qulcome exposurej fatalities| PLL |exposure| fatalities| PLL Rate { fatalities| PLL Rate |fatalites| PLL [ fatalities| PLL Freq
16 400 400 400
03 Pipeline ruptures (NG orWO)  |a 1 16 0.5 200 033 132 348
1 y Eatalities from Jet, pool fire & collision
y 07 Fatalities from head on collision o}|b 033 132 132
n Speed assumed to be »=8 knots
[ Falalities from head on collision ojb 0.33 132 132
0.0018 n Speed assumed to be >=8 knots
headon]__1 4,17E-09]Fatalities ftom head on collision o{b 0.33 132 550E.07] 132 550E.07{4.17E-09
1.0 n Speed assumed to be >=8 knots
y 0.33 7.70E-07[Fatalities ftom nudging fenders enfc
0.00 nudge Speed assumed to be >=8 knots
¥y 0.67 1.54€.06Fatalities fraom glancing fenders o |d
minor glance |Speed assumed to be >=38 knols
780 0.05 1.22€.07[Severe glancing impact onto struc|e
n Speed assumed to be 4 knots
0.3 | 5.69E-10|Pipeline ruptures (NG or WO) a 1 16 212E-08] 05 200 265E-07 0.33 132 753E-08| 348 3.62E.07|5.69E-10
1§ y Fatalitles from jet, paal fire & collision
0.001282 y 1..0.7 | 1.33€-08|Fataliies fram head on collision o|b 033 132 1.75E-07] 132 1.75E.07|4.33€£.08
1 n Speed assumed to be >=8 knots
s Fatalities from head on collision o|b 0.33 132 132
0.0018 n Speed assumed to be >=8 knots
head on Fatalities from head on collision o|b 033 132 132
0.95 n Speed agsumed to be >=8 knols
y 0.33 3.51E-07|Fatalities from nudging fenders on|c
nudge Speed assumed to be >=8 knots
0.0009 0.67 7.01E-07|Fatalities from glancing fenders o |d
y minor glance Speed assured to be >=B knots
1.00 0.05 5.55E-08 Severe glancing impact onfo strucle
n n Speed assumed to be 4 knols
0.9991 1.28E.03}Boat passes under bridge f
n
5.48E.09
Oulcomes Check sum Total PLL 1.09E-06
cool
a  Natural gas / Oil pipeline
b Head on collison > 8 knots
¢ Nudging coltision > 8 knots
d  Glancing cellision > 8 knots
e  Severe glancing impact onto stiucture, LOP
f Straight through




Eventtrea for p ge through Fr le Bridge
Beat Name : Vessel §
Code v5 D01 UP

Design Option 1
Upstream of bridge, travelling into the harbour

Events

Addition of dolphins and fender strengthening

1

3

4 S (] i 8 9 10

People exposed on bridge

Immediate

Peapla exposed on boat

19

20

18

18

20

21 22

23

Frequenc

Y

Strikes
Nav

Strikes
Non

Stiikes at Gas/O
speed Causes|ilPipel
greates Structu] ne

Span

002

o

than4 { Strikes | ra) | ruptur{lgnitio|Frequenc|
knots | bridge | failure| e n Y Qutcome

Pipeline ruptures (NG or WO)
Fatalities from jet, poot fire & collis
Fatalities iram head on collision ©
Speed assumed to be >=6 knots |
Fatalities from head on collision o
Speed assumed to be >=8 knots

4,60E-08| Fatalities from head on collision ©
Spesd assumed 1o be >=8 knots |

0.0018 n
headon| 1

1.0

8 S1T 08] Fwtwlitlos frony nudgling fenders on]

Spoud anmitngd Lo b <4 knols,

y 033

nudgo

780

0.001282

0.98

0.87 1.708-05{ Fatuiitios trom glancing fonders o

minor glance Speed ed {0 be >=8 knols

0.05 1.35€-08] Severe glancing impact onto struc|

n Speed assumed {o be 4 knots
Pipelins suptures {NG or WO)

Fataiities from head on collision o
Speed assumed to be >=8 knots
Fatalities from head on collision o
Speed assumed to be >=8 knots
5.58E-09|Fatalities from head on collision o

Speed assumed to be >=8 knots

0.0018 n
headon| 1
0.95 n

0.0026

Y 0.33

nudge
0.67

minor glance

1.03E-08( Fatalities from nudaing fenders on|

Speed assumed to be >=8 knots
2.06E-06{Fatalities from glancing fenders o
Speed assumed to be >=8 knols

0.05 1.63E-07Severe glancing impact onto struc

0.9974

n Speed assumed to be 4 knots
1.25E-03|Boat passes under bridge

[+
5 8

-

o

4

a

Fatatities fiom fot,pool fite & coliision

b

b

b

o

o.

4.60E-08

Consequences Brldge
rmgil,] 13 14

Rate

16

PLL

0.25

Consequences Boat
- 3*| 18 17 18
Fatdity

Rate

Boat
Collision
Gl 1 g
Fatatity

Rate

PLL

No. of
fatalities

PLL

Boat
Collision
Head On

Fatality

Rate

284

0.33
0.23

0.33

033
033
033

033

No of

| fatalities

PLL

Total No.
of Totat
[atalties| PLL

Freq

284
94
94
24
94

24
94

94

4.31E-05

§ 23£.07

180.72
93.72
8372

9372 431E.06

180.72
9372
93.72

9372 5.23E.07

4.60E-08|

5.58E-09

Check sum

cool
Natural gas / Oil pipeline
Head on collisan > 8 knots
Nudging collision > 8 knots
Glancing collision > 8 knots
Severe glancing impact onto structure. LOP
Straight through

Qutcomes

—Po A TR

Total PLL 4.84E.08




Event tree for passage through Fremantle Bridge

Boat Nane ; Vessal §
Code V5001 D
Deslgn Optlon 1 Addition of dolphins and fender strengthening People exposed on boat
Downstream of bridge, travelling froem the harbour People exposed on bridge immediate
Events C°"ﬁ3!]ﬂ~‘§§ﬂ99£”wfmm
1 2 3 4 5 [] 7 8 9 10 k| {.J&it' 13 14 Haam 16 17 18 19 20 18 19 20 21 22 23
Strikes at Gas/O Rate Rate Boat Boat
Strlkes{ speed Causesl|ilPipeli from from Coltision Callision
Strikes| Non gteater Stiuctu| ne pool and pool and Glancing Head On Total No.
Frequenc| Nav Nav than4 | Stdkes | rat | ruptur[ignitio|Frequenc jetfire | No. of jetfire | Mo of Fatality | No, of Falality | Na. of of Tota!
¥ Span | span |. knots [ bridge | failure]| e n ¥ |Quicome exposure| fatalities|  PLL PLL Rate |fatalities| PLL Rate [fatalties] PLL |fatalities] PLL Freq
284 284
0.3 Pipeline ruptures (NG or WO) Ia 1 16 0.5 42 0.33 94 251.72
1 y Fatalities from jet pool fire & collision
y Lo7 Fatalities from head on collision a |b 033 94 9372
n Speed assumed to be >=8 knots
y Fatalities from head on collision o [b 0.33 84 9372
0.0018 n Speed assumed to ba >=8 knots
headon|__1 8.77E-09|Fatalities from head on collision o |b 033 94 820E-07| 9372 8.22€-07|B.77E-09
1.0 n Speed assumed to be >=8 knots
y 0.33 1.62E.06| Fatalities from nudging fenders on|c
0.00 nudge Speed assumed to be >=8 knots
y 0.67 3.24E-06|Fatalities from glancing fenders o {d
minor glance Speed assumed to be >=8 knots
780 .05 2.56E-07]Severe glancing impact onto struc|e
n Speed assumed to be 4 knots
0.3 Pipeline ruptures (NG or WO) a 1 16 0.5 142 033 94 251 72
1 Iy Eatalities from fet, poot fire & collision
0.001282 y 1.07 Fatatities from head on collision o|b 033 94 9372
L] Speed assumed ta be >=8 knots
y Fatalities from head on collision o |b 0.33 94 93.72
0.0018 n Speed assumed to be >=8 knots
headon| 1 5.68E-09|Fatalities from head on collision o 0.33 94 5326070 9372 5.32E-07{5.68E-09)
095 n Speed assumed to be >=8 knots
y 0.33 1.05E-06]Fatalities from nudging fenders onfc
nudge Speed assumed to be >=8 knots
0.0026 0.687 2.10E-06]Fatalilies from glancing fenders o |d
y minor glance Speed assumed to be >=8 knots
1.00 0.05 1.66E-07|Severe glancing impact ento struc|e
n n Speed assumed to be 4 knots
0.9974 1.27E-03]Boat passes under bridge f
n
8.77E-08
Cutcomes Check sum[1.28E-03] Tolal PLL 1,35E.06
cool
a  Natural gas / Oil pipeline
b Head on collison > 8 knots
¢ Nudging collision > 8 knots.
d  Glancing collision > 8 knats
e  Severe glancing impact onto structure. LOP
f  Straight through




Event tree for passage through Fremantie Bridge :

Boat Name ! Vessel § H
Code V5 Do2 uP i
Daslgn Option 2 Widening of navigation spans People exposed on boat
Upstream of bridge, travalling into the harbour Peaple exposed on bridge Immediate
Events Consequences Bridgs Conseq Boat
1 2 3 4 5 5} 7 3 9 10 11} - 3* 13 14 . Lﬁa 16 17 18 19 20 18 19 20 21 22 23 X
Fatdiiy Fatdity :
Strikes at Gas/O Rate Rate Hoat Boat H
Strikes | speed Causes|ilFipeli fiom from Callision Collision :
Strikes | Non | greater Structu| ne poot and pool and Glancing Head On Total No. :
Frequenc} Nav Nav than4 | Swikes | ral | ruptur|ignitio| Freq jettire | No.of Jetfire | No.of Fatality | No. of Fatality | No.of of Totat
y Span_| span knots | bridge | failure]| e n Y. Qutcome exposure| fatatities] PLL |exposure| fataliies| PLL Rate |fatalities| BLL Rate | falalities| PLL | fatalties] PLL Freq
16 284 284 264
0.3 Pipsline ruptuses (NG or WO) la 1 16 0.25 7% 0.33 94 180.72
0.8 y Fatalities from jetpool fire & collision
y 07 Fatalities from head on collision o |b 0.33 04 83.72
n Speed as: d to ba >=B knots :
y a5 Fatalities from head on collision o [b 033 04 93.72 ;
0.0018 n Speed assumed to be »=8 knols '
headon| 1 4.17€-09(Fatalities from head on collision o |b 033 84 3B0E.07} 9372 360E.07{4 17E-09; :
10 n Spoed assumad to ba »=8 knots
¥ [tkx} 770 07| Fatalllies frony mulging lendeis onje
poa_ udye Spsad anngiingd o e 2=t kol
[+1:74 1 H4E.08{ Falalitios hon ylanchy lendeis o ju
minor glance Speed assumed to be >=8 knols
780 0.05 1.22E.07|Severe glancing impact onto stiucie
n Speed as d to ba 4 knats
0.3 Pipeline ruptures (NG or WO} a 1 16 0.25 71 0.33 84 180.72
05 [ y Fatalities from jet,pool fite & collision
0.001282 y oI Fatalities from head on collision o |b 0.33 84 83.72
n Speed d to be >=8 knots
Yy 0.8 Fatalities from head on collision o |b 033 94 93.72 :
0.0018 n Speed assumed to be >=8 knots .
headon|__1 1.80E-09(Fatalities from head on coliision o |b 033 94  1788-07| 9372 1.78E-07}1.90E-09 :
095 n Speed assumed to be >=8 knots
y 0.33 3.51&-07|Fatalities from nudging fenders on|c
nudge Speed assumed to be >=8 knots
0.0009 0.67 7.01E.07|Fatalities from glancing fenders o |d
y miner glance Speed assumed to be >=8 knots
1.00 0.05 §5.55E-08]Severe glancing impact onto st
n n Speed assumed to be 4 knots
| 0.9991 1.28E-03|Boat passes under bridge f
n
4.17E-09
Outcomes Check sum Tolal PLL 5.88E-07

coo}
Natural gas / Oil pipeline
Head on collison > 8 knots
Nudging collision > 8 knots
Glancing collisicn > 8 knots
Severe glaneing impact onto structure. LOP
Straight through

- Qa0 oW

D
&




Event tree

Boat Name :

Code

le Bridge

for p

Design Option 2
Dawnstream of brldge, travelling from the harbour

Events

ge through Fr
Vessel &
Vs DO2D

Widenlng of navigation spans

People exposed on bridge

Consequences B

dge

immediate

People exposed on boat

1

A 5 8 7 8 9

10

14

17

18

19

20

18

19

20

21 22

23

Frequenc
Y

Strikes
Nav
Span

Strikes
Non
Nav

span

GasfO
iIRipeli

Strikes at
speed
greater
than 4
knots

Causes)
Structy] ne

ral | wptur
failure{ e

Strikes
bridge

lgnitio

Y

Frequenc}

Qutcome

Feldi]—12
Rate
from
pool and
jetfire
exposure

No. of
fatatities

PLL

Consequences Boat
T
Faldity

Rate
trom

pooi and
jetfire

PLL

Soat
Collision
Glancing|

Fatality

Rate

Pipeline ruptures (NG or WQ)
Fatalities from jet,noal fire & collis

~ |~

n
0.3

Y
0.7

n

Fatalities from head on collision o

Speed assumed to be >=8 knols

0.0018 n
headon} 1

4.17E-09

Speed assumed to be >=8 knots

Fatalities from head en cotlision o

Fatalities from head on collision o
Speed as d to be >=8 knots

780

0.001282

Y 0.33 7.70E-07

nudge

Fatalities from nudging fenders an

Speed assumed to be >=8 knots

0.67 1.545-06;

Fatalities from glancing fenders o
Speed d to be >=8 knots

minor glance

0.05 1.22E:07

n

Severe glancing impact onto struci

Speed assumed to be 4 knots

Pipeline ruptures (NG or WO)

03

1 [y
Loz

n

Fatalities from head on collision o
Speed assumed ta be >=8 knats

0.0018 n
headon} _ 1
0.85 n

1.80E-09

Speed assumed to be >=8 knots

Fatalities from head on collision o

Fatalities from head on collision o

Speed assumed to be >=8 knots

0.0008

¥ 0.33 3.51E-07

nudge

Fatalities from nudging fenders on

7.01E-07|

0.67
miner gfance

Speed assumed to be >=8 knols

Fatalities fram glancing fenders o

Speed assumed to be >=8 knots.

0.05 5.55E.08

0.9991

n

Sevete glancing impact onto struc,

Speed assumed to be 4 knots

1.26E-03

Boat passas under bridge

Fatalities from jet,pooal fire & collision

]
c oS®

a [+]

L+

a
b
b

b

Q o

[

4.176.08
Outcomes
coo!
Natuzal gas / Qil pipeline
Head on collison > 8 knots
Nudging collision > 8 knots
Glaneing collision > 8 knots

-~ a o

Straight through

Check sum

Severe glancing impact onto structure. LOP

16

1 16

0.8 162

No. of
fatglities

PLL

Boat
Collision
Head On|

Fatality

Rate

284

033
033
033

0.33

0.3
0.33
033

033

No. of
fatalities

PLL

Total No.
of
{atalities

Total
PLL

Freq

284
94
94
94

94

94
04

94

3.80E-07

1 78E-07|

25172
83.72
9372

8372 3.90€-07

25172
9372
93.72

9372 1.78E-07

4.17E-08|

1.80E-09

Total PLL 5.6BE-07




Event trea forp ge through Fr tie Bridge
Boat Name : Yessel &
Cade V6 DO1 UP

Design Optien 1 Addltien of delphins and fender strangthening

Peopls exposed on boat

Upstream of bridge, travelling Into the harbour People exposed on bridge Immediate
Events Cansequences Bridge Conseaguences Boat
1 2 3 4 5 ] 7 8 9 10 114 - 136[ I 13 14 r la* 15 17 18 19 20 18 19 20 21 22 23
Rl ¥ bl
Strikes at GasiO Rate Rate Boat Boat
Stiikes | speed CauseslilPipeli from from Coflision Collision
Stiikes| Non greater Structlu| ne pool and pool and Glancing Head On Totat No, -
Frequenc} Nav Nav than 4 | Strikes | ral | ruptur |Ignitio| Frequenc jetfire { No, of jetfire | No. of Fatality | No. of Fatality | No. of af Total
y Span | span knots bridge | failure| e n Y Quicome exposure] fatalities | PLL |exposure| fatalties] PLL Rate | fatalities} PLL Rate | fatalities] PLL | fatalities| PLL Fregq_ |
16 109 199 199
0.3 Pipeline ruptures (NG or WO} |a 1 16 0.25 49,76 033 66 131.42
o5 [y Fatalilies from jet,pool fire & collision
y o7 Fatalities from head on colfision o{b 033 66 6567
n Speed assumed to be »>=8 knots
y 0.5 Fatalities from head on collision o fb 033 66 £5.67
0.0018 n Speed assumed to be >=8 knots
head on|__ 1 2 66E-08|Fatatities from head on collision o|b 033 66  174E-06| 6567 1,74E-D6|2.66E.08
1.0 n Speed assumed to be >=8 knots
¥ 033 A 01E O8] Fatalities rom nudging fendats onfc
002 nudge 1Spond ussumed lo be >z8 knols
y 0.67 9 82F.06] Fatalities from glancing fendars o [d
minor glance Speed assumed to be >=8 knois
1352 0.05 7.77E-07|Severe glancing impact onto struc|e
n Speed assumed to be 4 knats
03 Pipaline suptures {NG or WO) a 1 16 0.25 4975 0.33 66 131.42
0.5 y Fatatities from {st,pool fire & collision
0.00074 y 07 Fatalittes from head on collisiono{b 0.33 66 85.67
n Speed assumed to ba >=8 knols
y 0.5 Fatalities from head on collision ofb 033 66 65.67
0.0018 n Speed assumed to be »>=8 knots
headen| 1 3.22€-09| Fataities from head on collision o |b 033 66  211E-07] 8567 211E-07{3.22E.09
.95 n Speed assumed to be »=8 knots
y 0.33 5.95E-07|Fatalities from nudging tenders on|¢
nudge Speed assumed to be >=8 knots
0.0026 0.67 1.19E-06}Fatalities from glancing fenders o |d
minor glance Speed assumed to be >=8 knets
0.98 0.05 9.41E.08|Severe glancing impact onto struc|e
n Speed as d to be 4 knots
0.9974 7.22E-04|Boat passes under bridge f
n
2.66E-08
Outcomes Check sum[7.40E.04] Yotal PLL 1,56E-06
cool
a  Natural gas/ Qif pipeline
b Head on collison > 8 knots
¢ Nudging collision > 8 knots
d  Glancing collision > 8 knots
e  Sevete glancing impact onto structure. LOP
f Straight thraugh
P TN




Event tree for passage through Fremantle Bridge

BoatName:
Code
Design Option 1

Events

Vessel6
vepoi b

Addltion of dolphins and fender strengthening
Downstream of bridge, travelling from the harbaur

Peaple exposed on bridge

1 2

4

[

7 3 9 10 kh]

Consequences Bridge
. 1‘5* 13 14

Consequenses Boat
elding |18 17

immediate

People exposed on boat

18

20

18

19

20

21 22

23

Stiikas

Frequenc| Nav

0.00

y | Span| span |

Strikes
Non
Nav

Steikes at
speed
greaters
than 4

Causes|

Strikes

knots

[ bridge |

0.0018

Structu
ral
failure

Gas/O
ilPipeli
he
tuptur

e

ignitio| Frequenc;
Y Outcome

Rate
from
poo! and
jotfiro | No.of
exposure] fatalities

Y

Rate

Pipeline ruptures (NG or WO) ~ Ja
Fatalities from jet, pool fire & collisio

3

head on

1352

0.00074

0,33

Fatalities from head on collision o fb

Speed assurmed to be >=8 knots

Fatalities from head on collision o

A
(o (=]
Rk F

(-

n Speed assumed to be >=8 knols

5.06E-09|Fatalities from head on collision o

o

Speed assumed to be >=8 knots
9.35E-07 | Fatalities from nudging fenders on|c

nudge
067

Speed assumed to be >=8 knots
1.87E-06[ Fatalities from glancing fenders ¢

o,

minor glance

0.0

Speed assumed to be >=8 knots

Severe glancing impact onto struc

1.48E-07

o

n

0.0018

Speed assumed to be 4 knots
Pipeline ruptures (NG or WO) a

Fatalities from jet,poct fire & collision

o
(%]

head on

033

Fatalities from head on collision ¢|b

Speed assumed to be >=8 knots
Fatalities from head on coflision o |b

.<_.
o

n Speed assumed to be >=8 knots
3.28E-09{ Fatalities from head on collision o b

Speed assumed to be >=8 kniols

6.05E-07| Fatalities from nudging fendess onfc

audge
0.67

minor glance

Speed assumed to be >=8 knots
1.21£-06{ Fatalities from glancing fenders o

Speed assumed to be >=8 knots
9.58&-08| Severe glancing impact onto struc|

a

Speed assumed to be 4 knots
7.35E-04|Boat passes under bridge f

Qutcomes

~o a0

506E-09

16

1 16

05

PLL

Hoat
Callision
Glancing

Fatality

Rate

No. of
falalities

PLL

Boat
Collision
Head On

Fatality

Rate

985

199

0.33
033
033
0.33

033
0.33

0.33

No. of
fatalities

PLL

Total No
of Totat
fatalities] PLL

Freq

199
66
66
66
66

66
66
66

66

3 32E-07

2 15E-07

181.17
65.67
6587

18117
65.67

6567

65,87 3.32E-07{5.06E-09

6567 2 158-07(3.28E-09

Check sum}7.40E.04

cool

Natural gas / Oil pipeline

Head on callison > 8 knots

Nudging collision > 8 knots

Giancing collision > 8 knots

Severe glancing impact onto structure. LOP

Straight

through

Total PLL S.47€.07

i
:
i



Eventtree for passage through Fremantle Bridge

Boat Name : Vessel 6
Code V& DO2UP
Deslign Option 2 Widenlng of navigation spans People exposed on boat
Upstream of hridge, travelling Into the harbour People exposed on bridge Immediate
Events o] quences Brildge Consequences Boat A
1 2 3 4 ] 6 2 8 9 10 1) o 1&{ 13 14 - 1;* 16 17 18 19 20 i8 19 20 2t 22 23 .
Fattiity Faldity
Strikes at Gas/O! Rate Rate Boat Boat ’
Strikes | spead Causes|ilPipeli from from Collision Callision
Strikest Non | greater Structy] ne pool and poot and Glancing Head On Total No.
Frequenc| Nav Nav than4 | Strikes | ral | ruptur {Ignilio| Frequerc] jethire | No, of jetfire | No.of Falality ] No. of Fatality | No of ot Total :
y Span |_span | knots | bridge | failwie| e n Yy [Outcome exposure| fatalittes] PLL__[exposure| fatalities| PLL Rate |fatalities| PLL Rate |fatalities] PLL | fslaltiest PLL Freg i
16 188 189 199 |
03 Pipeline ruptures (NG or WO} |a 1 16 025 4975 0.33 66 131.42 :
0.5 ¥ Fatalities from jet,pool fite & collision :
y LO7 Fatalities from head on collision o b 0.33 66 6567 H
n Speed assumed to be >=8 knots :
y 0§ Fatalities ftom head on collision o|b 0.33 66 65 67
0.0018 n Speed assumed o be >=8 knots :
headon|__1 2.40E-09}F atalities from head on collision o |b 033 66  158E.07] 6567 1 5BE-07{2 4DE-09 .
SO n woe o SP0ED a8SUMO t0 be >=8 knots | :
y L0333 L A 44k O7|F utalition fram nudging terutors on|e: :
000 nudge Spoed nssumed to by »=8 knots :
y 0.67 8.88E-07 {Fatalities from glancing fenders o |d :
minar glance Speed assumed to be >=8 knots .
1352 0.05 7.03E-08|Severe glancing impact onto stiuc|e N
n Speed as d to he 4 knots !
0.3 | Pipeline ruptures (NG of WO) a 1 16 025 4975 033 66 13142 ;
as [y Fatalilies from et pool fire & collision :
0.00074 y 107 Fatalities from head an collision o [b 033 £8 65.87 :
[) Speed assumed to be >=8 knots i
y 0.5 Fatalities from head on collision o|b 0.33 66 65,67 !
0.0018 n Speed assumed to be >=8 knots :
headon}__ 1 1.09E-08| Fatalities from head on collision o |b 0.33 66 718E-08| 6567 7 18E-08/1.09E-09) :
0.95 n Speed assumed to be >=8 knols .
y 0.33 2.02E.07 | Fatalities from nudging fenders on|c .
nudge Speed assumed to be >=8 knots .
0.0009 0.67 4.04E-07Fatalities from glancing fenders o |d :
y minor glance Speed assumed to be >=8 knots :
1.00 0.05 3.20E-08|Severe glancing impact onto struc|e :
n n Speed assumed to be 4 knots :
0.9991 7.38E.04 Boat passes under bridge f .
n
2.40E-09
Outeomes Check sum|7.40E-04} Total PLL 2 30E-07
cool
a  Natural gas/ Qil pipeline
b Head on collison > 8 knots
¢ Nudging collision > 8 knots
d  Glancing collision > 8 knots
e  Severe glancing impact onto structure, LOP
H Straight through
TN
N



Event treé for passage through Fremantle Bridge
Boat Name :

Code

Design Option 2
Downstream of bridge, travelling from the harbour

Events

Vessel 6
V6 D02 D

Widenlng of navigation spans

People exposed on bridge

1

3

4

L] 7 8

Feldiy—13

Conseguences Beldge
. 14

e

Immediate

People exposed on boat

Consequences Boat
Feldiny |10 [ 17

18

18

20

18

19

20

21 22

23

Frequenc
b4

Strikes
Nav

Span

Strikes
Non
Nav

span

Strikes at
speed
greater
than 4

knots

Strikes

Gas/O
CauseslilPipeli
Stuctu| ne
ral | ruptur |ignitio

bridge

failure | e n

Frequenc|
Y

Qutcome

Rate

from
pool and

jetfire | No. of
exposure| fatalities

PLL

Rate

from
pool and

jetfire | No. of
exposure| fatalites

PLL

Boat
Collision
Glancing

Fatality

Rate

No, of
fatalities

PLL

Boat
Coltision
Head On

Fatality

Rate

Pipeline ruptures (NG or WO)  |a
Fatalities from jet,pool fire & collision

0.0018

head on

Fatalities from head on coltision o|b
Speed assumed to be >=8 knots

Fatalities from head on cotisiono |b
Speed assumed ta be >=8 knols

1352

0.00074

minor glance

0.05

0.33
nudge
0.67

2.40E.09

Fatalities from head on collision o {b
Speed assumed o be >=8 knots

4.44E.07

Fatalities from nudging fenders on|c

Speed assumed to be >=8 knots

8,88E-07|

Fatalities from glancing fenders o |d

Speed assumed to be >=8 knots

0.95

7.03E-08|

Severe glancing impact onto strucie

Speed assumed to be 4 knots

Pipetine ruptures (NG or WQ) a
Fatalities from jet,poo! fire & collision

Fatalities from head on collisicn o |k

Speed assumed to be >=8 knots

0.0018

head on

Fatalities from head on collision o |b

Speed assumed to be >=8 knots

0.0009

0.33

1.09E-09

Fatatities from head on ¢olllsion o |b
Speed assumed to be >=8 knots

nudge

0.67

2.02E-07

[+]

Fatalities from nudging fenders on

Speed assumed to be >=8 knots

1.00

minor glance

0.05

4.04E.07

-3

Fatalities from glancing fenders o
Speed assumed to be >=8 knots

0.9991

3.20E-08

Severe glancing impact onto struc|e
Speed assumed to be 4 knols

Outcomes

-0 aDTN

7,38E-04

Boat passes under bridge f

2.40E-09

Check sum|7.40E.04

Natural gas / Oil pipelin

cool
e

Head on collison > 8 knots

Nudging collision > 8 knots
Glancing coallision > 8 knots
Severe glancing impact onto structure. LOP

Straight through

16

1 16

199

0.5 99,5

0.5 09.5

199

033
033
0.33

033

033
0.33
0.33

033

No, of

fatalities

PLL

Total No,
of Total
fatajties| PLL

Fteq

1989
66
66
€6

66

66

66

66

1.58E-07

7 18E-08

181.17
€5.67
65.87

6567 1.58E-07

181.17
65.67
85.67

8567 7.18E-08

2.40E-09

1 08E-09

Total PLL 2 30E-07

i
i
h




Summary Results of Event Trees for Sensitivities on Design Options 1 & 2

Design Option 1 Deslgn Oplon £
FN
V1Daol up v1DO1D v2Do1UP v2DoLD V3iDOi UP Vipolp v4DO1UP V4DOID VS$DOlUP vsBOI1D V6DOL UP V6DOID Dala
No, of Ne. of No. of Wo. of No. of No, of No. of No. of No. of No. of No.of No. of . Cumittative :
Fatalides Frequency Fatafities Frequency Futalities Frequency Fululilies Freq! Fatalities Frequency ities Frequency Fataliies Frequency Faalities quency Fatalities Fraquency Fulalities Freq Fatalities Frequency Falalities Frequency N F Frequency :
480 680 32 a52 277 390 248 M8 181 252 131 181 680 }3.01E-09] 3.0iE0% H
264 264 73 173 149 49 132 132 ™ 24 66 66 480 | 3.18E-09 6.19E-03
264 264 73 173 149 149 132 132 94 9 66 66 3%0 J1E-09} _ 9.39E-09
264 8.12E.08 264 1.55E-08 173 22IE-08 173 1.7SE-08 149 9.2tE-08 t49 $.75E-08 132 4.60E-08 132 8.77E-09 94 4 40E-08 iz} 877800 66 2 66F-08 66 5.06E-0% 452 4 1E-09 LI0E-08

248 | 8.378.10 $.38E-08
277 | L6TE-09 1.55E-D8
321 | J6TE-D9 1.72E.08

480 1.49E-0% 630 3.01E-09 k) 1.678:09 452 341E-09 277 1.67E-05 390 341E-09 248 3.37E-10 M8 1.70E-09 188 252 k3] 18t 264 | L.12E-07 1.29E-07
264 3.A5E-09 264 2.01E-09 m 3.91E-09 (¥2) 795609 149 3.91E.09 149 7.95E-09 132 1.9SE-09 132 3.97E-09 9 % 86 66 132 | 6.35E.08 1.93E-07
244 4.92E-09 264 173 5.58E.09 m 149 5.58E-09 49 132 2.796-0% 132 94 94 66 66 149 13.27E-07] 3.

il 264 173 173 149 145 132 132 94 $.S58E~09 % 5.68E.0% 66 3.22E-09 &6 3.28E-0% 173 1 127E07] 4.47E-07

94 | 6.6)E-08 5.43E-07
56 | 3.81E-DB 5.51E-07

55107
No. of ful Freq No. of fl Freq No. of fit Freq No, of fit Freq No, of fat Freq, No.of ft Freq No. of fat Freg No. of fid Freg No. of fal Freq No. of fil Freq No of fui Freq No. of fur Frey
Total PLL fot e 248E-05 5.65E-06 135805 7.22E-08 1.S8E-0S 6.21E06 7.04E-06 2.77E-06 4.34E-06 1.35C-06 1.96E-06 $47E-07 1L0IE-00 5.51E-07
Swn Tota) PLE
Desiga Optlon 2 Deslpn Optlon 2
FN
V1boUpP vipoD v2po2UP vaDpo2p VvaDo2up VADO2D yaDoO2UP V4DO2D V5D02UP vsDoxD V6 DO2UP V6 DO2D Datu
No.of No. of No. of No. of No, of No. of' No. of No. of No. of No.of’ No. o' Ne.of Cumuiative
Fualities Frequency Fatulities Freg Fatilies Frequency Fstulities Frey Fualdities Frequency Futwlities Freq Fulalies Frequency 17utulities Frequeitcy Futalitios Freguency Futubilies Frey Fatulities Freeg) y Futuliten Frequency N ) 3 el
480 680 3 452 77 3%0 248 338 118 232 13l 81 680 | 1.00E-0% 1.00E-09
26¢ 264 173 1 "9 149 132 132 94 94 66 &6 480 | 1.07E-08]| 2.07E-0¥
264 264 13 173 145 ue 132 132 o4 94 66 66 330 |} HE-0% 3.21E-0¢4
264 7.356-0% 264 7.35E-09 17 8.33E-0% 123 8.33E-09 149 8.33E-09 149 8.33E-09 132 4.17E-09 132 4.476-09 94 4.17E-09 94 4.)7E-09 &6 240E-09 66 240E-09 452 | 1.14E-09 4.35E.09
248 | 284E-10

277 | 5.69E-10
} . 25.£0007 |
321 | 5.69E-10] 35.77E-09

480 5.02G-10 630 LOOE-09 321 5.696-10 452 1.14E-09 27 5.69E-16 390 1.ME-0% 248 2.84E-10 kot 5.69E-10 181 252 13 181 264 | 1.99E-08 2.57E-08
2 1.17E-09 264 2ME-08 in 1.33E-09 173 2.65E-09 49 1.33E-09 149 2.65E-09 132 6.64E-10 132 L33E-09 9 2] 66 66 3! 1.13E.08 3.69E-08
264 L67E-09 264 17 1,90E-09 173 149 1.508-09 149 132 $.48E-10 132 2] 9 &6 66 4 225608 S.95E-08
264 264 173 173 149 149 132 132 9 1.30E-0% bl 1.90E-0% €6 1.09E-09 66 LUYE-09 73 | 225608 8.20E-08

91 | 121E.08] S4IE08 |
66 | 659E-09] _1.01E07
LOIE-07
LOIE-07 check

No. of fai Fraq No, of fai_Fseq No, of ft Freq No. of fi Freq No. of fal Freq No. of st Freg No. of fud_Freq No. of {at Freq No. of fal Freg No. of fd Freq No. of §it Freq No, of fi Freq
Tolal PLL for ¢  3,08E-06 3.80E-06 2.30E-06 2.84E-06 1.97E.06 2.44E-06 B.77E-07 1.09E-06 5.58E-07 5.68E.07 2.30E-0? 230E-07  200E-05

w:imrw001pMorking/ senscalc1.ds Tree FN



Summary Frequency Results of Event Trees for Sensitivities of Design Options 1 & 2

Design Option 1
Design optlon 1

Frequency of 1DO1Y 1001 2DO1U 2DO1 3DO1U 3DO1 4DO1U 4DO1 5DO1U 5DO1 8DO1U 6DO1D Frequency of Collisio
Fatalities from jet,pool fire & co Nav span collision
Fatalities from head on coliision Head on 4.6.E-07

Fatalities from head on colfision Glance 2.7.E-04
Fatalities from head on collision 8.12E-08 1.55E-08 9.21E-08 1.75E-08 9,21E-08 1.75E-08 4.60E-08 8.77E-09 4.60E-08 8.77E-09 2.66E-08 5.06E-09 4.6.E-07 n nav span collision

Fatalities from nudging fenders 1.50E-05 2.86E-06 1.70E-05 3.24E-08 1.70E-05 3.24E-06 8.51E-06 1.62E-06 8.51E-06 1.62E-06 4,91E-06 9.35E-07 8.5.E-05 Head on 9.4.E-08
Fatalities from glancing fenders 3.00E-05 5,72E-06 3.40E-05 6.48E-06 3.40E-05 6.48E-06 1.70E-05 3.24E-08 1.70E-05 3,24E-06 9.82E-06 1.87E-08 1.7.E-04 Glance 5.5.E-05
Severe glancing impact onto st 2.38E-06 4.52E-07 2.69E-06 5.13E-07 2.69€-06 5.13E-07 1.35E-06 2.56E-07 1.35E-06 2.56E-07 7.77E-07 1.48E-07 1.3.E-05 Pass through 2.1.E-02
Fatalities from jet,pool fire & co 1.48E-09 3.01E-09 1.67E-09 3.41E-09 1.67E-09 3.41E-09 8.37E-10 1.70E-09 1.7.E-08 2.1.E-02
Fatalities from head on collision 3.45E-09 7.01E-09 3.91E-09 7.95E-09 3.91E-09 7.95E-09 1.95E-09 3.97£-09 4.0.E-08 check 1
Fatalities from head on collision 4.92E-09 5,88E-08 5.58E-09 2.79E-09 1.9.E-08

Fatalities from head on collision 5.58E-09 5.68E-09 3.22E-09 3,28E-09 1.8.E-08

Fatalities from nudging fenders 1.82E-06 1.85E-06 2.06E-08 2.10E-06 2.06E-05 2.10E-06 1.03E-06 1.05E-06 1.03E-06 1.05E-06 5.95E-07 6.05E-07 1.7.E-05
Fatafities from glancing fenders 3.64E-06 3.70E-06 4.13E-06 4.20E-06 4.13E-06 4.20E-06 2.06E-06 2.10E-08 2.06E-06 2.10E-06 1.19E-06 1.21E-06 3.5.E-05
Severe glancing Impact onto st 2,88E-07 2.93E-07 3.26E-07 3.32E-07 3.26E-07 3.32E-07 1.63E-07 1.66E-07 1.635-07 1.66E-07 9.41E-08 8.58E-08 2.7.E-06
Boat passes under bridge 2.21E-03 2.25E-03 2.50E-03 2.55E-03 2,50E-03 2.55E-03 1.25E-03 1.27E-03 1.25E-03 1.27E-03 7.22E-04 7.35E-04 2.1.E-02

2.26E-03 2.26E-03 2.56E-03 2.56E-03 2.56E-03 2.56E-03 1.28E-03 1.28E-03 1,28E-03 1.28E-03 7.40E.04 7.40E-04 2.1.E-02

Design Option 2
Design option 2

Frequency of 1DO2U 1D02 2D0O2U 2D02 3DO2U 3D0O2 4DOZU 4DO2 5D02U 5D02 BDO2U 6 DO2D Frequency of Collisio
Fatalities from jet,pool fire & co Nav span collision
Fatalities from head on collision Head on 6.9.E-08
Fatalities from head on collision Glance 4.1.E-05
Fatalities from head on collision 7.35E-09 7.35E-09 8.33E-09 8.33E-09 8.33E-09 8.33E-09 4.17E-09 4.17E-09 4.17E-09 4.17E-09 2.40E-09 2.40E-09 6.9.E-08 n nav span collision
Fatalities from nudging fenders 1.36E-06 1,36E-06 1.54E-06 1.54E-06 1.54E-06 1.54E-06 7.70E-07 7.70E-07 7.70E-07 7.70E-07 4.44E-07 4.44E-07 1.3.E-05 Head on 3.2.E-08
Fatalities from glancing fenders 2.72E-06 2.72E-06 3.08E-06 3.08E-05 3.08E-06 3.08E-08 1.84E-06 1.54E-06 1.54E-05 1.54E-06 8.88E-07 8.88E-07 2.6.E-05 Glance 1.8,E-05
Severe glancing impact onto st 2 15E-07 2.15E-07 2.44E-07 2.44E-07 2.44E-07 2.44E-07 1.22E-07 1.22E-07 1.22E-07 1,22E-07 7.03E-08 7.03E-08 2.0.E-06 Pass through 2.1.E-02
Fatalities from jet,pool fire & co 5.02E-10 1.00E-09 5.69E-10 1.14E-09 5.69E-10 1.14E-09 2.84E-10 5.69E-10 5.8.£-09 2.1.E-02
Fatalities from head on collision 1.17E-09 2.34E-09 1.33E-09 2.65E-09 1.33E-08 2.65E-09 6.64E-10 1.33E-08 1.3.E-08 check 1
Fatalities fram head on collision 1.67E-08 1.80E-09 1.90E-09 8.48E-10 6.4.E-09
Fatalities from head on collision 1.90E-09 1.90E-09 1.09E-09 1.09E-09 6.0.E-09

Fatalities from nudging fenders 6.19E-07 6.19E-07 7.01E-07 7.01E-07 7.01E-07 7.01 E-07 3.51E-07 3.61E-07 3.51E-07 3.51E-07 2.02&-07 2.02E-07 5.8.E-08
Fatalities from glancing fenders 1.24E-06 1,24E-06 1.40E-06 1.40E-06 1.40E-06 1.40E-06 7.01E-07 7.01E-07 7.01E-07 7.01£-07 4.04E-07 4.04E-07 1.2.E-05
Severe glancing Impact onto st 9.79E-08 9.79E-08 1.11E-07 1.11E-07 1.11E-07 1.41E-07 $.65E-08 5.55E-08 5.55E-08 5.55E-08 3.20E-08 3.20E-08 9.3.E-07
Boat passes under bridge 2.26E-03 2.26E-03 2.56E-03 2.56E-03 2.56E-03 2.56E-03 1.28E-03 1.28E-03 1.28E-03 1.2BE-03 7.38E-04 7.38E-04 2.1.E-02

2.26E-03 2.26E-03 2.56E-03 2.56E-03 2.56E-03 2.56E-03 1,28E-03 1,28E-03 1.28E.03 1.28E-03 7.40E-04 7.40E-04 2.1.E-02
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Appendix 4
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