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EXECUTIVESUMMARY

"

Ismmmary

The ETemantle Traffic Bridge was constructed in 1938 and carries Queen Victoria Streetftom
Stirling Highway overthe SwanRiverupstream ofFremantle 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 telecorrununication
links. The river beneath is used by river traffic for accessing the ocean orretunxing from the
port. Vesselsthat pass through the bridge range from small privately owned yachts to
passenger ferries up to 370tonnes

This report assesses the risk of two proposed design options forthe Fromantie TrafficBridge,
The design options identified in a previous study of the bridge as risk reduction measures t11
are as follows:

. Design option I @01): Addition of Dolphin and Fender Strengttiening

. Design option 2 @02): 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:

. Both design options confonnto the accepted criteria set by AUStroads and the Us
Department of Transportation.

. Design option I -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. Thenarrow middle span, with maximum clearance and favoured by most skippers
due to varying tidal heights, will become more hazardous asthe manoeuvring distance
betweenthe Traffic and Railway bridges is reduced

. By inspection, although not quantified, alignment of the railand traffic bridges will
reduce the risks associated with manoeuvring vessels through this area.

. The overall cumulative frequency of collision resulting in a fatality for design option I
is 5.5 x 10'' pa and for design option 2 is 1.0 x 10~' pa.
The current cumulative frequency of glancing collisions with the navigationalspans is
1.6 x 10' pa. The overall cumulative frequency of a glancing collisionDO I is
2.7 x 10' pa, an increase of 72% and for Do 2 is 4.1 x co~' pa, areduction of 74%.

. From structural analyses vesselsizes of greater than 155 tomies will cause structural
failure of the bridge on collision with the non navigation spans at 4 knots or geater.

. 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 g'eater

. The risks to the public resulting from design option I are tolerable I negligible when
compared to risk criteria for industrial sites (Figure 1.1)

. The risksto the public resulting from design option 2 are negiigible 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 formdustrial developments
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Table 1.1 Risk Related Advantages and Disadvantages of Design Options
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(currents,
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The piers are extended by ariadditional
5.5m on each sideofthebridge,
big!inglitizig the fact of maimalrimg a
good linefor safe passage.
Vessels stopping at the East StreetJetty
prior to the bridge, \vin need to mate
more movementsto navigate the bridge
aftersettin assen ersdown.
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The length of piers are increased msome
case by an additional 11m. This will lead
to regular glancing offenders and
increased malltenmice costs.
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darna e to vessels on the River.

,
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Structure is protected from collision
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" ve

Structure is protected from collisionTlie
boats have a greater amount of width
clearsnce Intouglithebridges, thus
reducing fender^nageand chance of
structure conision.

,

From upstreampassagesttiedog legtum
on the rinddle span isexpected to
signficantly impairvessels navigating
bothbridges.
A considerable increase in bridge
collision is expected to occur due to the
reduced distance, tidal currents and wind
conditions the vessels must navigate
causedb the addition of doI lulls.

W:\CUENTs\MAIN ROADSWA\MRWooiPMssuED\REVi\REPORTl. Doc

Currently skippers navigate unouglittie
11nddle span duting Inglitides. The
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EXECUTIVESUMMARY

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

The suggestions were asfbllows:

. 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 currenttide heights rather than rely on
Fremant!e Port Authotity.

. It was highlighted by various skippersthat 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 wassuggested.

. 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 ifdesign option 2 is implemented.
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2 Fremantle Bridge Background

The ETemantle Traffic Bridge was constructed in 1938 and carries Queen Victoria Streetftom
Stirling Highway overthe Swan River upstream ofFremantle 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 accessino the ocean orretuming from the
port. Vessels that use the bridge range from small privately owned yachtsto passenger ferries
up to 370 tonnes. The bridge is predominantly made of timber, althouoh the three navigational
spans are steelbeam with timber decking. A considerable amount of maintenance work has
been carried out in the lasttwenty yearsto repair collision damage and maintain
serviceability

QEST Consulting Engineers have been commissioned by Main Roads West Australia
OvlR. WA)to assessthe risk of two separate design options on the ETemantle TrafficBridge.
The design options identified in a previous study of the bridge as risk reduction measures t11
are as follows

. Addition of Dolphin andFender Strengthening

. 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 ofFremantle TrafficlBridge
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INTRODUCTION

2.1 0ptio" I - Do!phi" a"of Fein, for Sire, ,8the"ing

From the previousstudy completed on the bridge concerns were raised aboutthe strength of
the navigation span piers and protection provided by existing fenders ifa head-on vessel
collision occurred. 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. Desion general arrangement drawings can be
seen in Appendix I.

Table 2.1 Dolphin and Fender Strengthenino

.,

^

(1)
\'**.:*"'.*I 'q. .. a. .-..,,:", .'*>L, :

14

:;,$;,. t$,,. *::-' .*:*\.*<,.*.*,-..*L: it;:::*:**-.?..,*"*:* ..**r g*:..\.: ? ..:+$* .*;r:$$******\.

15

Located on the South of river

16

Separates the up and down river traffic

17

However with the addition of dolphins, passage throughthe navigation channelis extended by
5.5 metres either side DESome 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 IforFremantle Traffic Bridge

Separates two lanes of down river traffic

Located on the North ofriver

(1)

,
"

$3:......*, ****.,*..* .*;3. ;.*.:* ..*.\*3'*v*:,$**,..*:::,.... *.,,***,*..*. **,.,:,*,:*.*,,. *:.$:*:..:".;,**

,

West side only

East and West sides

,

East side only

Concrete pieris deemed strong enouglito
\vithstand ahead on itn act

Navigation
pier

Dolphin

14
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INTRODUCTION

2.2 0ptio" Z - inde"i, ,g of tite N"vig, ztio" Spam

Currently the River traffic under the bridge operates as follows, vessels travelling down river
passthrough the navigation spans 15-16 and 16-17 depending on sea conditions (tide heights,
current and wind). Traffic from ETemantle 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, asthe navigation spans would be considerably wider. The
navigationalline between the RailwayBridge andFremantleBridge would become
significantly straighter. Design general arrangement drawings can be seen in Appendix I.

Figure 2.3 Design Option 2 for Fremantle Traffic Bridge

^

. .\

."

,

^

2.3 Sindy, 0^jectives

The scope of the study is to identify the risk posed to the public from collision of various
vesselsizes using the proposed design options offendering and dolphin protection @01) and
widening the navigation spans 0002) forthe FremantleBridge.

The principal objectives were as follows:

. Identify ina^jor hazards posed to the bridge in terms of structural integrity

. Calculate frequencies associated with each single scenario

. Quantify the overallrisk levels for each scenario

. Examine the effectiveness of each design option

. Recommend any further risk mitigation measures

"

,
,

.,
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3 Methodology

3.1 Description
Previous studies and port records were analysed to determine the types of incidents that h:!ve
occurred in theFremantle Port, the Swan River and similar ports. The methodology
employed in this risk assessment is summarised below.

Identify the hazard

a.

I' :

^

J

"

Conductthe risk analysis

Complete the risk assessment

Compare the results to chosen criteria

Discuss effectiveness of each design option

In order to identify hazards affecting the bridge the manor causes were reviewed

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

. Road vehicle movements, particularly the transportation offlainmables on the bridge

. The transport offlainmable liquids via pipelines located on the bridge, and the
management systems in useto maintain the integrity of these

Assessthe consequences

I

\

,

,,

\

I
Calculate the frequency

,~

1sthensk levelacceptable? ^-... Yes-No action
required

,

I ..
,

No - Risk Mitigation

.

,,,

,-

,.. .
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APPROACH

.,

Based on scenarios defined by NII<WA and past reviews, a number ofcredible scenarios were
developed for further investioation. 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 tomies
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

^

.

':..*: .t*.:F. * tat* ;:*,:*:*.\\',;<**;':*::**;<e* :**;tS ' ,

Vl

V2

u:3.1*. .:-.*.<.,*..*?***::$$-**,::*:' <:2:19. ... * .t, .:*;* .

V3

V4

V5

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

. a 10 knot, head-on collision with the bridoe piers or protection forthe two design
options (navigationalspans and dolphin protection and fendering); and

. a 4 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 vesselstructural 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 datawas obtained directly from
operators and the Department of Transport. The data will be adjusted to allow for non-
alignment of the railway and traffic bridges and the reduced navigational passage resultin
from the location of the dolphins.

Jet and poolfire sizes, due to loss of containment of hazardous goodsftom pipelines, were
estimated using mathematical models and heatradiation existing around the fire calculated
Methodology's developed by Shell Research Thornton were used for poolandjetfires
respectively.

370

V6

270

t, -.:*:**,=,..:**,***\,:*$:<*.;< 4<,.* .....,*:... S :,:...-.,.*$:*

190

155

1/5

Steel

Alumimum

45

Nunitiiium

**:;$*<.?;\*-;$:***.*:'*......>*:*-#::*?-: .*:.\"\*. ..:>/:;$;, ;$.

Steel

Amlimitum

Nulltinium

800

525

450

400
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APPROACH

3.2 Sir, ,ct, ,r"14", 249sis

It has been assumed that ifeither 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 impactthat 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 undertookthe 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 perthe
briefthatthe vesselis being carried along by the tidal currents at a maximum speed of4
knots. The structural analysis will concentrate on the collision energy required for span
supportto be lost and determine the consequences of vesselimpacts on Bridge Structure

,,

^

"

"

,

".

....

3.3 Risk Criteria

The results of the assessment will be compared to the following risk criteria

3.3. I AUStroads Bridge Design Code Criteria

In section I 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 t21.

The recurrence interval forthe serviceability limit state is set at I in 20 years and at jin 2000
years for the ultimate limit state

3.3.2 Criteria of the IIS Department of Transportation

The Us Department of transportation set acceptance criteria forthe 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 0.01in
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, t11

a

,

,

,.,

a. -

-.
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.

3.3.3 Criteria of the Health and Safety Executive (OK)

The Health and Safety Executive (HSE)sets bridge design codes in the UK. They appear in
the British Standard BS 5400. This states conservativeIy 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 H"z"rdJde"tinc, ztio, ,

111 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
vesselsthese havebeen found to be most predominant factors:

. Humanerror

. Mechanical foilure

. AdverseEnvironmentalConditions

It should be noted that human error and adverse environmental conditions are the main cause
of accidents. In ternis 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 skipperstalked to during the course of the study
supported this

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

3.4. I Fire Hazards

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

^

I\

,~

,

,,,

,

,

,-"
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APPROACH

The pipeline was considered to be at risk from corrosion, erosion, faulty design, impact by
object, sabotage and structuralf^. jinre of bridge. However the largest contributing eventto 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/orjet fire impinging on the
bridoe, bridoe 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 crossthe Swan River. These are as follows;

Natural Gas Pipeline

All 8" steel pressure pipeline carrying gas runs alongside the downstream side of the bridge
and is operated by Annta gas. Manual isolation valves exist on both sides of the river and an
expansionjoint is fitted approximately halfivay acrossthe bridge.

In the event of a pipeline rupture, it is estimated that it may take up to 2 hoursto 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 fuelships and there is no alternative form
of supply. The oilis pumped across at high pressure (850 ICPa). 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

WesternPowerhave a 66KV oilfilled line and 2 pilots on the upstream side of the bridge

Other Senvices

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

^

.."

,,

,,

,~

..,
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3.4.3 Bridge Structure

The ETemantle 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 I

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 steeltniss

. . 1980: further strengthening offendersystems and af^. IISafe structure and tie s stern
installed at the navigation span piers

. 1990's: all piles to the approach spans checked and repaired where necessary; timber half
caps at the piers replaced by steel beams

3.4.4 Vessel Speed Distribution

The consequence modelling for collisions has been conducted fortwo speeds for both desi n
options as specified by Main Roads WA. These are as follows:

o 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 eventtrees in Appendix 2

APPROACH

^

.

.

, .,
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APPROACH

3.5 Freq, ,e"cyAnalysis

3.5. I Vessels operating on the Swan River

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

^

river.

Table 3.2 Vessel Freq"erucies
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Note

f

155

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

the Rottnest Explorer(Vl), the biggest boat that has operated o11the Swan River has
been sold to an operatorin 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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APPROACH

The maximum number of passengers pervesselin 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 percentaoe fullis an average
distributed overthe year

Table 3.3 Vessel Operating Capacities

I^^^^^

'** \;***:,;.,*\,:,.\.:*L. .:.*,*:,. L'.:.:t's, *::. '$.' :

I\

Vl

V2

it^$:>.'q;;**..:**:*:? ..:****:$:*; .'\::*

V3

V4

800

Vs

'S. "t::*";<*Lt. S. 'L .$."...*-"*SL** ., t~*x*. $4. ,'

525

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

3.5.2 Vehicle Movements acrossthe Bridge

I\^11<WA 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 antraffic
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
50krn/hr allowing for intermittentflow caused by traffic lights.

It 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 peaktimes 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 atravening speed of 50 kiri/hr, average
traffic density on the bridge was calculated as follows:

Traffic density = Vehicle Rate I Vehicle Speed
= 1672 150

= 33 vehicles/ km

= 0,033 vehicles / in

V6
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(1)
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210

200

40

142

40

120

50

50

**.

50

60

,..

,."

W:\CLIENTSWINNROADS WA\MRwooiPvssUED\REVi\REPORTi. Doc

Page 15



APPROACH

,

This traffic density equates to

1,100flanes 4Bridge length 223m ,
Total length of road on bridge available for cars = 892m

Total Ienoth of road available x vehicles per in = 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 Conseq, ,erace A",, dy, sis

3.6. I Fire Hazards

Fire hazards involved on the bridge involve either ajetfire or a flash fire from a natural gas
release or a poolfire from liquid hydrocarbon release. The models used in this analysis are
the Shell Research Centre for poolfires and the Thornton Research Centre for jet fires
13.4,5,91

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
nammable mixture. Jetfires 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, ifajet
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 predictthe flame length and heatflux. The
jetfire modelis represented as a ftustnim cone, radiating as a solid body with surface
Ginissive power

Pool Fires

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

^

."

.^

.^
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,^
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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 usino the methodology developed by ShellResearch
Thornton t3,4,5,91

. A heatflux modelof13 kw/in2 provides a 30 percent chance offatality for long
exposures, and a very high chance of injury 161
Flame dimensions, surface emissive power, and distance from the release point to the 13
kW/in' }Ieat flux level were estimated throuohoutthe model.

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

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
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Pool Fire Modelling

The white oilline, transporting processed products such as kerosene and motor spirits,
presents the only risk from pool fires. The pipeline operates at 8501CPa 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 surf^. ce will occur. A worst case scenario has been developed using kerosene as the
released hydrocarbon. Athirry 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:

. The vesselis assumed to be downwind of the fire

. The vesselis 20m from the edoe of the fire travelling downstream

. The vesselis in the flame Sin from the edge of the fire travelling downstream

The following radiation levelis achieved shown in Table 3.5

Table 3.5 Table to Show Effects of PoolFire
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.~

Poolfire diameter/in

Flame Height/in

Wind Speed/ads

Radiation levelattliis distanceKW/in2

Distance from edge of pool/in

Tolerance time for nonna!Iy dressed person Is
(e uivalentto 4.7 KW/1112)

-"

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

The effect offire heat radiation on the structural integrity of the bridge was conducted in a
previous study In. Based on the jet fire modelling in Table 3.4 and previous studies it is
recognised that exposure to fire as described will notlead to collapse of the Bridge
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3.6.3 Fatality Rates for Jet and Pool Fires

On the Bridge

It has been assumed that a collision with a navioation span in either design options does not
lead to loss of bridge. However collision with a non navigation span can lead to foilure of
sections of the bridge (as shown in Section 36.4). Ifthe deck collapses from an upstream or
downstream collision it has been assumed that the bridoe deck will collapse. The followino
case applies on road collapse from vessel collision with non navigation span

. Road collapse due to impactf^om vesselon non navigation span leading to deck collapse
and pipeline rupture. Dueto protection offered from heat radiation from motor vehicles
and the speed they crossthebridge, only occupants of4 motor vehicles caughtinthejet
fire flame envelope are considered at risk and a further4 vehicles on the downstream side
may collide or driveoff the severed deck. Alljet fires acrossthe bridge are considered to
be horizontal and perpendicularto the direction of traffic flow. Poolfire radiation will not
affectthe 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 b>, the poolfire 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/in' (100% chance offatality for
long exposure and 10% chance offatality formstantaneous exposure) 161. Jetfires aimed
directly at the vessel would also have the potential to cause large numbers offatalities.

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 forthe difference is due to vessellocatioii, on the
upstream side the bridge structure is between the jet and the vessel offering protection, on the
downstream side the vesselis 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 eventtree analysis glancing has been further classified into nudge and minor glance for
fender damage purposes only

Glancing

From reviews of previous studies t11 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 O

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 effectiveIy simply supported
and therefore do not have a significant capacity to transfer a collision load to adjacent bents, a
small contribution only was assumed forthe bearers and deck structure. The models were
prepared using the software package 'SPACEGASS'. Similar assumptions were made with
respectto material properties and member sizes as made in the original study [I], namely

. Piles 500mmjarrah

. Pile fixity 5 pile diameter below top of soillevel

. Timbersection stress gradeF17

. Ultimate stress levels have been based on As1720. I-1997

The timber bearers and bracino members have been assumed to be as shown on the drawings
The double channelsteel crossbeams have been assumed to be standard 380 PFC's

111 accordance with the briefvessels have been classified in groups It0 6 and have been
considered to approach the non navigation pile groups at a speed of4 knots. It should be
noted that vesselsizes I and 4 were assumed to be constructed of steelwhilstthe remaining
vesselsizes were assumed to be constructed of aluminium

Non Navigation Span Collision

The forces applied to the structure have been calculated iterativeIy 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 asthe vesselbreaksthrough 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
vesselis dependent on its crushing characteristics

^
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There are no definitive methods for calculatino these values, similarteclmiques to those used
in the previous study 111 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 havino a

displacement tonnage of 70 tonnes and travellino at 8 knots. This relationship provided a
basis for calculating the crushing distances for allvessels included in this study. The resulting
calculated crushing distances are shown in table 3.6

Table 3.6 Vessel Crushing Distances

^
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Vl
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V4

@700

Vs

(190t)

-,

V6

(155t)

24.0mm

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 assion a magnitude to the crushing distance for such events, the
following assumptions have been made

. Crushing distance is proportional to force

. Force that results in maximum crushing is proportional to '11/7^
The methodology used to deternitne the amount of damage caused to the bridge structurewas
as follows:

. Load to cause failure of 1st pile determined from SPACEGASS

. Calculate energy loss due to ship crushing and deflection of the structure

. Repeat process forthe 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 re resentation of the
vesselimpact points and the structures deformed geometry after the collision.
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APPROACH

Analysis of the structure shows that the first pile f^Iris 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 remainino
timber framing

Failure of the second pile, however, is likely to resultin the collapse of the whole bridoe.
The stiffness of the superstructure above the second pile meansthat high moment loads are
transfi^rred to the base of the piles near the mud line. The modelshowsthat under this
condition the moment in the remainino six piles in the group is rouohly equivalent. This
means that when the applied load is sufficient to failthe second pile it is sufficient to fail all
the remaining piles. We would expectthat under such conditions the bridge would fail
progressiveIy

Analysis showsthat 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 & Richardsthatthe navigation spans in
desion options I 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 vesselstrikesthe bridge and comes to rest. There would obviously be a
number of cases where vessels would strike Glancing blows and then veeraway, under such
conditionsthe deceleration would be significantly less.
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Hardcastle & Richards produced detailed models calculatino the ultimate deceleration for
both desion options for each of the vessels considered. The decelerations are shown in Table
3.7 and 3.8

Table 3.7 Deceleration for Vessels with Design Option I
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Table 3.8 Deceleration for Vessels with Design Option 2
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It can be seen from Tables 3.7 and 3.8 that vesselsizes I and 4 have considerably larger
decelerations than the others, This is due to the vessel being modelled as steel, which has a
greater stiffnessthan 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 vesselis sub divided below the bulkhead deck into watertight
compartments 171. 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 181. In discussions with experienced maritime
operators and designersit has been deemed that it would be very unlikely that a head on
collisionwith 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 PI. 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 manners 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 I & 4.

A study was carried outto datennine 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 eventtrees for both Design Options can be seen in Table 4.1 in the
format of a EN tab!e.

F: Frequency at whichN number offatalities will occur
I\I: Number offatanties

Table 4.1 EN Table for Design Options I and 2
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FINDINGS

The cumulative frequency of collisions resulting in a fatality for design option I is 5.5 x 10''
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 ofFremantle Traffic Bridge Risk Datawith Acceptance Criteria

^

..,....... ..... . . . ,,,. ......

,
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Re jarRoads

Minor dama eat a rate < 0.05

It can be seen from Table 4.2 that both design options meetthe acceptance criteria set by both
bodies, In tenns of SodetalRiskFigures 4.1 and 4.2 show the Fremantle Traffic Bridge F-I\I
curve plotted against criteria set out by the HSE and that proposed for Kwinana Industrial
Developments. In Figure 4.1 both desion option curves can be seen to fallbelowthe
negiigible risk limitlevel. In Figure 4.2 design option I 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.

Brid e colla se at amte< 0,0005

Colla sefi'e tiencv <0,001 a

Calla sene Dencv < 0.0001

...',..',."t\".',* .".",."' '-',.'-'.*:.'..'"","-.'""

<;^

Y

it~....'.. * *"*, *.*.".'.'* .',.*'...'.'.',..*'...',.*.,.~-

Y

..

Y

~,

Y

Y

.,

Y

,..

Y

W:\CUENTs\MAIN ROADS WA\MRwooiPiisst;ED. REViVREPORTi. Doc

Y

Page28



I .
,,

TOE-2

.

a.
CG
q,
>.
,.,
c,
=.,
CD

.92
;^

CS
*,

-.,-~.~.*

1.0E-3

.,

,.~~.

,

1.0E. 4 -

I

^

^

Q

,

q,
.

1.0E-5

Figure 4.2 Suggested SOCietalRisk Criteria for Kwins, ina
(Industrial Devdopments Only)

.
e

Z
^
Q

^.
>.
<,
=
q,
^
^I
a,
3"

^, I

..

".~~"~~

1.0E. 6

... *

-~.~,-~

a
1.0E-7

.,

,, .
~...."

IDE-8

!. . ... i

IDE-9

,

L

1.0E-10

Negligible

I ....*

Current

Do2

I. ... , ,. . . ....."

Do I

" .,

to

,

... I :... . -J ".
. ..,"

Intolerable

100

Number of Fatalities, N

,

I'~

Tolerable for

Kwinana

Complex if
ALARP

\,

Tolerable for

Existing
Plants if

ALARP

1000

Tolerable for

NewPlantsif

ALAR. P

I\

10000

^



,.~

.*

I'

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

;*:;**;:,*<*;:.**:;***.:;$:^;***;:;':;:*

-...

^

Desi

Desi

C) As MainRoads have no cost benefit criteria, an attemptto representthe relationship between
~ project cost and frequency offatality has been madeby multiplying the approximate cost and

frequency. It may generally be considered reasonable that the lower the resultantfa. ctor* the
better the "safety value" of the design.

It should be rioted that eventhough 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 I) will result. This would also lead to
an increase in maintenance. Abriefstudy (Section 4.0 was conducted at Main Roads
request
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FINDINGS

4.1 Collision Freq"e, ,cies

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

Table 4.4 Comparison orclancing Collision Frequencies

^

,

>-
, .

;*;,;:******,,*.**$*;:;*^*:^?.\:....;****$;q:**;$<'**\\>.**$:Jay. *y->*g':^ "* '.

Nav lance

,*

Nonnav lance

Total lance collisions both s

It can be seen from a comparison of collision frequencies that implementing design option I
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 SwanRiver. Many of the larger boats have lessthan a
metre either side of the vessel asthey travelthrouoh the bridge. The limited clearance tlirough
the Bridge is highlighted by Figures 4.3 and 4.4

an
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Figure 4.3 Boat Torques "StarFlyte" vesselasittraverses the Traffic Bridge from
upstream through the wider Northern Span
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Figure 4.4 Captain Cooks ''James Stirling" vesselprior to traversing the Traffic Bridge
from upstream tlirough the smallMiddleSpan
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FINDINGS

4.2 Se"sitivi^,. Passe"ger F"ton^! Rates

4.2. I Methodology

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

Table 4.5 Sensitivity Modifications

^

.
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4.2.2 Results

The impactthe modifications have on SOCietalrisk can be seen in Figure 4.5. The ra h
shows that for design option Ithe sensitivity FNCurve 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 negiigible region. All curves are still well below the intolerable
level.
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RECOMENDATIONS

,

5 Conclusions

. Both desion options conform to the accepted criteria set by AUStroads and the Us
Department of Transportation,

. Design option I -the addition of dolphinsto the piers will increasethe 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 asthe manoeuvring distance
between the Traffic and Railway bridoes is reduced.

. The overall cumulative frequency of collision resulting in a fatality for design option I
is 5.5 x 10'' pa and for design option 2 is 1.0 x 10'' pa.
The current cumulative frequency of glancing collisions with the navigationalspans is
1.6 x 10 pa. The overall cumulative frequency of a glancing collisionDO lis
2.7 x 10' pa, an increase of 72% and for Do 2 is 4.1 x 10~' pa, areduction of 74%.

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

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

. The risks to the public resulting from design option I are tolerable I negligible when
compared to risk criteria for industrial sites 013igure 1.1). Risk criterion for public areas
may generally be considered stricter than those presented for industrial developments.

. The risksto the public resulting from design option 2 are negiigible 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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RECOMENDATIONS

Table 5.1 Risk Related Advantages and Disadvantages of Design Options

~

.

.. ... ..... ~ ..*...........

. . ~ ..."..... .*.~..," ....

Approach
to the

bridge

""'**..*... ,.. V""

^

+ve

*.", ,... ...'*'... .."..... *..*',.*'.>.'",'..,',,..'........"..."..*,',.*.',.'...*.. V. .

From

up/down

Protecttirnber structure from possible
vessel collision

Controlthe tidal flows titrouglithe bridge
better.

river

,

Lining up
with the

bridge

-ve Placement of the jetty on approachftom
downstream causes urinecessarv

manoeuvring of vessels asthey require
a rox. loometresofa roachwav.

+ve None identified

-ve

. '..,*.".' .'*.",."*. ',,.'.'.'..".',,."..',.",".*',.".' . "',..."..,....,. .,.,..,*.,,...**,...

,.

Travelling
aruougli the
bridge,
(currents,
\vind)

The piers are extended by ariadditiorial
5.5m on each side of the bridge,
highligliting themctofmaintaiiinig a
good line for safepassage.
Vessels stopping at the East Street Jetty
priorto the bridge, will need to make
more movements to navigate the bridge
aftersettiri assen ersdown.

Presents a less hazardous approachto and
tl!rough the bridge, as the spans are
34.75m wide. Approx 3 times the width
of the \videst boat.

The jetty on approach from downstream
will not cause unnecessary manoeuvring
of vessels due to better bitd e angrinent.

+ve

.,

The fenders are strengthened to protect
the structure from collisions.

"

None identified

.ve

"

Ajigimtent
on exit

Due to the extra\vidth, winds and
currents moving tile boatwillnotforce
ski ersintosuddenmovements.

The length of piers are increased msome
case by an additional 11m. This\vin lead
to regular glancing offenders and
increased maintenance costs.

There is a greater possibility of causing
damn e to vessels on the River.

None identified

+ve

,"

Structure is protected from collision

-ve

Structure is protected from collisionThe
boats have agr'eater amount of width
Gleamnce throughthebridges, thus
reducing tender damnge and chance of
structure collision.

From upstream passages the dog leg turn
on the ratddle span is expected to
significantly impairvessels navigating
bothbridgcs.
A considerable increase in bridge
collision is expected to occur due to the
reduced distance, tidal currentsandwind
conditions the vessels must navigate
caused b the addition of doI lulls.
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Cumently skippers navigate trough ttie
middle span duting high tides. The
removal of this guide will result intrie
need to be more aware of tide levels when
unvigating the Bridge.
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Structure is protected from collision
A line can be takento avoid sharp turns
duting bridge passage.
The wider spanallows a lessliazaadous
line to be taken on passage itroughboth
the Traffic and Railwa Brid e.
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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 aboutthe 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 exitto allow skippersto line up vessels
properly.

Addition of tide height markers on the bridges priorto the Fremantle Traffic Bridge. This
allows skippers to get an accurate hold of currenttide heichts 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 aT\-~areness campaign could benefit all Swan River users.

in order to reduce damage to boats and tendering, the addition of impact absorbing fenders
wassuggested

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

Ensure alignment of the Traffic and Railway Bridge ifdesign option 2 is implemented
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General Arrangement Drawings of Design Options
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Event Trees for Design Options I and2
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Eventtree analysis

Nomenclature

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

Tree VI Do I Up Vesselsize I, Design Option I, Upstream ofBridoe
Tree VI Do I D Vesselsize I, Design Option I, Downstream of Bridge
Tree V1002UP Vesselsize I, Design Option2, Upstream of Bridge
Tree VI Do2 D Vesselsize I, Design Option 2, Downstream of Bridge

Through to

TreeV6 Do I Up Vesselsize 6, Design Option I, Upstream of Bridge
Tree V6 Do I D Vessel size 6, Design Option I, Downstream of Bridge
Tree V6 Do2 Up Vesselsize 6, Design Option 2, Upstream of Bridge
Tree V6 Do2 D Vesselsize 6, Design Option 2, Downstream of Bridge

The numbers used in the eventtree are explained in detail below

Design Option I

The following are detailed explanations of all figures IISed in the eventtree analysis

2 Nav span collision

The Bridgewas builtin 1938, however there are no documented records detainn river
traffic forthe 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. Forthe current Bridge
configuration the frequency of glances given by operatorsranged between I 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 asthe vessels passthrough 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 boatis clear. A severe glance was
described as a nudge on the bridge. Again from anecdotal evidence skippers notice a
minor glance whereasthe 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 navioation 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. I

Table A2. I Distribution of glances per navigation span

^.

.,

^

.. ..'.*'.' .,,.",.'.'..'.. . ....' *

' '.","* *,*.'... .*:J ..",., L , .*... .,... .'. ,.

.*...~...*..,.*'..,.,.,,.'.'..'.'..'...,.','

Southern

Middle

Northern

* .,.,.,, .,--,,**.-..*,,, -, *-.-*,,..... '

The implementation of design option jincreasesthe average lendth of a pier by 5.5m
per dolphin as shown in Figure 2.2. This additional protection lengthens the restricted
distance that boats travelthrough, ultimately leading to an increased number of
collisions.

..

' *""' '. '. . **".... '..".' ..,.'.. .,*.*...'. **....*..*~*'..\'-, ,..**;\*..........*'. V'.*..,.......,..*'.." .**.'..'.. V. t. ....\'.\',.'. '.'.'.'..\.,.\

3

The easiest approach and passage tlirouglithe bridge

2

' P^I;.-w. --**-
*..*,....; ..*, .' *"......, .

The sinaUest span and sharp dog leg turn on exiting the bridge

Southern

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

.. ......... .... . .,,

5.3m

a dolphin on either
enhance pier

Middle

,

11m

two dolphins on
entrance andone on

the pier 15 severely
restricting tuniing

. . .,,,,... , r. ... .. ..-J . ..-*- . - ... ..- .. ... . . .,.*... .....'.'.. ..'......*... .... ..,.. .*. -,.*-,. > .. -..*,,, ....*.., ,. ..., . .,..,. ... , .,. .

Northern

.

Currentpierlengili= 11m (inc Gunentfenderiiig)
Increased Iengili= 5.5m
No. of extraglarices 5,5111 = 50%
% xcurrent glances; 0.50 x I= 0.5

3.3m

a single dolphin on
entrance

Current pierlengtti= 14m (inc currentfendeting)
Increased Iengtii= 11m
No. of extra glances 11/14 = 78%
% x current glances; 0.78 x 3 = 2.3

Current pierlength = 16m (inc currentfendering)
Increased length = 5.5m
No. of extra glances 5,5116 = 34%
% x current glances; 0.34 x 2 = 0.68

;;;^^:^;;$^;^i;*
mm*,,.,,"..,..*,.,,.,,*...,,*

,. ,...' ..'.' .......**.~."
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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 forthe 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/}.;0. of passaoes under bridge in a year

Therefore for vessels travelling from upstream:

(5.3 + 2.7) 1390 = 0021 collisions per vessel per year

and for vesselsretuming from down stream

15/390 = 0,004 conisions 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 adjacentto 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 conservativeIy assumed that there is
an equal chance of striking the non na\igation spans on up or downstream passages. 111
the hazard identification study conducted on the bridge, causes of collision with non
navigation spans were identified as follows:

. LossofSteering

. LossofPower

. HumanError

- 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 vesseltravelling in circles until help arrives. Vessels
passing through the Fremantle Bridge pick their line through the spans 100 metres nor
to passing. Loss of steerage priorto 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 steerin
failure 3 times in a 10 year operating period, once on the approach to the bridge. This
has been quantified below.

..,

^

(.

.

.,

W:\CLIENTS\MAINROADs wA\MRwooiPMssuEDREvi\APPEND2i, Doc A2-3



I

A typical vessel completes river tours ortrips to Rottnesttwice 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 peryear

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

0.31 49,920,000 = 6.0 x 10'' steering failure per in per year

However forthis study we are only concerned with a distance of loom priorto the
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 bridoe the frequency
of steering failure is 6.0 x 10'7.

EngineFailure
There are no records offerries operating on the SwanRiver 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. Avessel operator stated that it was company policy not
to passthrough the bridge with a damaged engine fit were to occur. It is aDepartment
of Transport requirement for any vessels with engine failure to set down the passengers
at asat;a drop of point as soon as possible

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

Human Error

The major contributorto risk associated with vessel collision, is caused by human error
A review of accident studies on vessel collisions, reportsthatthe 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 factoris predominant
in situations such as vessel collision, grounding and accidents involving personnel[10]

The ina, ionty 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 inarioeuvrability. The human factortakes into account how each skipper deals
with the conditions on passing throughthebridge. However on the ETemantle Traffic
Bridge collisions caused by human error are attributed to be 80%

I

^
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.
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Due to the positioning of the non navigation spans it has been assumed that it is onI
possible forthem to be struck on approach to the outer spans. Therefore ifwe 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 throuoh the
bridge is 780 per year. Therefore a probability of 3,41780 = 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 ower,
steerage or human error will strike the non navigation spans. This factortakes into
accountthe depth of the river, tidal conditions, wind conditions and traffic conditions
around the bridge.

(6.0 x 10~'+ 4.3 x 10' ) x 0.6 = 2.6 x 10''

Note Freq of engine failure is deemed negiigible compared to other contributin risk
factors.

For conservatism the collision rate has been assumed to stay the same for alivessel

4 Strikes object at a speed greater than 4 knots

This methodology is valid for upstream and downstream passages. All vessels ass
through the bridge at a speed greater than 4 knots. Four knots is assumed asthe averaoe
current speed on the Swan River. All \'essels due to there size and weight must
maintain a speed at least 8 knots when passing through the bridge otherwise the vessels
lose inarioeuvrability. Therefore it has been conservativeIy assumed that on a Toach to
the bridge 95% of vessels will be travelling above 4 knots per hour, This a lies to all
vessel sizes.

5 Striking the Bridge

This methodology is valid for upstream and downstream passages. As discussed earn
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 vesselsize 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 bridoe. However there has been one incident in the portinvolving 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

Ifthe 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

4 x 95 = 380Glancing
Severe Nudge 2 x 95 = 190

570 Incidentsin bridge operatingTotal

It 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

11571 0,0018Head on
3801571Glancing = 0.66

1901571Severe Nudge = 0.33

For conservatism these values have been applied to all vesselsizes

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 foilure probability ofO has
been assumed forthese spans.

From the detailed structural analyses completed by Hardcastle & Richards on the nori
navigation spans. Vessel sizes It0 4, are assumed on collision with the non navigation
spans to cause the bridge to foil. A failure probability of I has been assumed for these
vessels, Vesselsizes 5 and 6 on collision do not cause structural failure of the bridge
and a failure probability ofO has been assumed forthese vessels.
These probabilities apply for upstream and downstream events.
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7 Gas/OilPipeline Rupture

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

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

8 Ignition Probability

Typical ignition probabilities for hydrocarbon releases on an offshore Iatfbrm into a
working environment are deemed to be 0.1. However during noonal operation of a
platform there are minimal ignition sources. In the event of a collision leadin 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,
sakf tdf'I'd I ';" .. 'sparks from impact and failing steel supports. Therefore anionition probability of 0.3
will be used. This is generic in all event trees.

Design Option 2

The difference between design option I and 2 eventtreesis only noticeable in the
collision probabilities with the navigation and non navigation spans. Otherwise the
eventtree 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 s an. This
increase in span width increases boat width clearance, thus further reducin the
possibility of collision. In the bridoe~s current state and in design option Ithe minimal
width clearance for larger vessels is as small as Im either side of the boat. In desi n
option 2 the clearance is 12.5m clearance either side forthe largest boat.

As mentioned in design option I each vessel was assumed to glance the brid e 6 times a
year during up and downstream passages. The human errorfactorwas assumed to be
conservative at 80%. The span width is dramatically increased almost eliminatin
human error completely, however for conservatism a 5% human error factor will be
used.

^
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In design option I, 80% of the 6 collisions per year are assumed to be from human
error.

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 erroris deemed to
be 5% of the worst case value

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

Adding the other external factors with the new human errorfactorwe find the total
number of glancing collisions per yearto be 1.2 + 0.3 = 1.5

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 vesselstravelling upstream ordownstream

No. of collisions in a year 11.10. of passages under bridge in a year

(1.5 I 2) 1390 = 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 vesselsizes upstream and downstream passages.

3 Striking the non navigation span

In design option 2 to compensate forthe increased width of the navigation spans, two
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 forthis change in the eventtree the probability of
collision with a non navigation span is reduced by a f^. ctor of3

The collision probabilities are assumed to be the same for all vesselsizes upstream and
downstream passages.

I
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Summary Frequency Results of EventTrees for Design Options I & 2

Design Option I
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I*",*~*.~t! I. ",".'""',, I, """" """"" ' """"

Bout assos, Inclo, hiki o

IDot u viDo, D 2001u v20o, D 30o, u v300,0 40o, u v40ot D 50o, u V50o, D 60o, u v60o, D
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.
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Design Option 2
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Nori nav span collision
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Design option ,
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(.-~
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Appendix 3

Event Trees for Sensitivity
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0.33

0,003

2.56E-03

*~

0.95

11

4511

0.95

o

DULYiiSli'Calm

11.5

,1.33

0,001g

16

0,01119

\, 3 liti2 I)

11. I

0.33

0,0009

2,568-03

11.25

11.95

11

4511

0.95

o

V4

11.33

0,0018

U Mr. am
V4 IX)I Ul'

16

00019

11. I

>:.: . 0.5

0.33

0,0009

I~*

128E-03

0.95

\~-

400

11

11.95

11

11. S

11.33

0,0018

16

11. I

0,021

0.33

11,003

11.25

0.95

11

0.95

o

11.33

Uuo18

11. I

0.33

; 0.5

o

11

11.5

0.33

11. I

11.25
o

11.33

I\

\/
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Design Options Sensitivity Input Data
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. o eopeexpos
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,

.

155

ownslrcaiii

on
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I nilion

.,

10/1/16s

13nd e miriniv rule troll, I

Upstreami

Boat jinality rate froin

,. - ,..
,.

Boat Ibtalit

,* ,

Boat lateli

L

, ,. .....; .. ."

Downsireaiii

r

rate glancing

I

4

rolesinkin d

#

20

jet

11

R .' '>,*

U stream
Vs

#

*',

Vs Do I ul'

0.3

..",',**. .~.~.

". I '

#
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#
o

~..

Downsircuiii

033

,~....~
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11 5

.>

16

,..,.

0.3

V5 Do I D

.. .
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,--\

,^

**'.*

0.25

,""'~"'*
,,

o

284

,

10nnes

0.33

*,.

Upslrcaiii

, ..

16

v5 Do2 111'

*....,.* . ..:~~..

....,..*.*.' . *..,*,,
*:' .\,,,, ;*.....*. .

4

';,, ,
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284

o

Downslr, ,, 1/11

,. , ,*:

0.33

.,
,

16

,

0,0019

Vs

E: -I

Boats smaller
V6

)02 I>

o

284

o

..

0.33

U SITUaiii

16

V6 I)()I Iii,

00019

,,,., .....- * ..'" ;;..

00009

*". '.*

.33
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o

,

o

199

0.95

Downsircajjj

0.33

0.5
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00018

45

16
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V6 Do I D

0021

0.33

0003

.
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o

o

199
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00018

11 ISIrcajjj
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0004
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'7.4 E. 04

0,003
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o

199

0.95

jin wrist realjj

033

0,0018

16

0,0019

V6 liti2 D

0.33

00009

7.40E-04

o

0.95

o

199

0.95

0.33

0,0018

16

00019
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00009
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o

0.95

o

0.95
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00018
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o

o
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Eventtr. . gorpassage through Freman". Bridge
BoatName : Vessell

V, Do, UpCoda

Addltlon oldolphlns andfenderstrengthenlng0,519n Option I
Upstream orbrldg, ,travelling Into the harbour

Events

,' "' ' "" t. , *"" """'
L. .. U,

t ,,',"""'"
I-

Frequenc

2

SIIikes
Nav

S an

3

Stalkes
Non
Nav
s an

' 3:11~"":

Strikes at

speed
greater
Ihan 4
knots

4

. ,...,...".." ,.^...,

5 6

Strikes
biid e

Causes
Struclu

ral
failure

442

7

002

y

Casio

ilPipeli
ne

IUptUf
e

0002262

8

. """~"'. ~""'""I ' "'~""".
.. .

an

y

y
000.8
headon I

9

19nilio

0.33

,IUdU'
007

mino, glance

n

Froquenc

0.5

y

0.5
n

005

0.3

y
0.7
n

n

n

Outcome

10

,

Pipeline ruptures ING or WOj
Fatalings from 'ei collir. & collisi

0.98

..

0,0026

y

Fataljilts from head on collision o
S CGd assumed to be >=a knots

n

8.12E-08

095

y

Peopleexposed on bridge

Conse uencesBrld e Conse u. rices Boat

0,0018

headon

Fatalmas from head on collision o
S Godassumedtob. >=8 knots

11

I 50s-05

a Doc-0!,

,",.,...,
-I,

09974

Fahlilies l, Din head on collision o
S Gad assumed to be >=8 knots

y

05

y

0.5
n

Rate

from
pool and
jet fire

ex sure

0.33

0.05

n

Fatalill. s nom nudging fenders on
^Regal ... u, 11, d 10 b. >. g kilo!.
F. 1,1111, . 1101/1 uleiicliiU lender. o
S ed assumed to be >=a knots

nudge
0.67

0.3

y
0.7
n

238E. 05

minorglance

n

n

,3

1.48E-09

I".""",, I
.,,

Qulcomes

Severe glancing impactonto SIIuc
S Bed assumed to be 4 knots

3.45E. 09

a

on

b

b

b

C

11

e

No. of
Iaialilies

Pipeline ruptures (NG orWO)
Falaliliesfrom OR o1/11. a Gol"SI

$4

4.92E. 09

8.47E-08

Checksuml^;'
cool

a Natural gaslOilpipeline
b HeaderICOllison> 8kno!s
c Nudging collision>8knols
d Glancing collision>8knots
e Severeglanclng impactonlosl, uclure. Lop
I Swightthrough

Fatalinesfrom head on collision o
S ed assumed to be >=a knots

~ .....,,
. ~ .*

16

16

Fatalin. s from h. ad on collision @
S eedassumedto be>=a knots

Rate

nom

pooland
jailiio

ex sure

1.82E. 06

PLL

Fannes f, Qin head on collision o
S ed assumed to be >=a knots

3.64E. 08

16

F. ,"' '.,

Fatal"es nom nudging fenders on
S codassumedlo be >=8 knots

2.88E-07

Fahlities f, Qin glancing fondets o
S dassumedtobe>=8knots

Immediale

2.21E. 03

No. of
labliies

,.

17

Severe glancing impactonto SIIue
S Bed assumed to be a knots

0.25

a

on

b

b

b

e

d

e

,,...~,..,
"

800

Boatpasses under b, idge

People erposed on boat

18

Boat

Collision

Glancing
Falality
Rate

200

PLL

19

,.,.,... mm,

t6 55, E-o8

,

No. o1
futoniies

20

......... ,

800

18

Boat

Collision
Ilead On

Falalily
Rate

0.25

PLL

19

,....~~"

200 6.89E. 07

No. o1
fatalmes

20

O 33

,.^

800

0.33

0.33

O 33

21

264

PLL

TotalNo

o1
Iaialities

,-~

264

.

22

^

264

264 214E-05

23

TDIai
PLL

480

264

264

264 2.4E. 05

0.33

FIB

0.33

264 390E. 07

264 9.10E. o7

264 130E. 060.33

O 33

8.12E. 08

264

480 1.13E. 06

264 9. ,0E. 07

264 130E. 06

264

I 48E. 09

3.45E. 09

4.92E. 09

,\

~, I

Total PLL 2.48E. 05



*_.
, .

; 'a. : .

Eventtre. for passage through F, emantle Bridge
BoatName : Vessel,

code V1 001 D

Addition oldolphlns and fender strengthenlngDesign Option I
Downstream of bridge. travelling from the harbour

Events

..',""'"' '. L a ~ ..........~. ...-..."

,.. .. . .., .,.. ... ., L .." .... ,

I

FIGquerre

2

alikes
Nav

S an

3

Strikes
Nori

Nav

s an

Strikes at

speed
greater
than 4

knots

4 5 6

Strikes

brid e

I~',

Causes
SIruclu

tai
failure

442

........ . .

,. ...... I

7

0.00

GagO

ilPipeli

Iup!ur
e

y

0002262

8

ne

; I::' "."! . I"

y
cools
headon I

1.0

y

9

19nitio
n

Frequenc

I

y

0.33

0.05

nudge
0.67

0.3

y
0.7

n

mino, glance

n

n

Outcome

n

,
,

10

.
.. ....~....

,,

Pipeline ruptures (
Fatalities nom 'et

1.00

00026

y

n

Fatalings I'Dm head on collision o
S eed assumed to be >=a knds

0.95

y

1.55E. 08

People exposed on bridge

Conse uencesBrid a Conse uences Boat

0,0018
head on

Fatalinesfrom head on collision o
S eed assumed to be>=8 knots

286E. DB

11

09974

r. ."' , '.

Fatalilles from head on collision o
S eed assumed lobe>=8knols

y

... ..

5.72E. 06

y

G orWO)
Gal lire & collis

0.33

Rate
from

pooland
jet lire

a OSure

0.05

n

nudge
0.67

Fatalilles from nudging bride's on
S eed assumed to be >=a knots

0.3

y
0.7
n

4.52E-07

minor glance

n

Fatalines from glancing fenders @
S eed assumed to be >=B knots

n

..

3DIED9

13

n

O"ICOmOS

Severeglancing impactontos!Iuc
S eed assumed to be 4 knots

7.01E. 09

11\

J

a

10n

b

b

b

e

d

e

No. o1

halliies

,,
I

Pipeline ruptures ING orWOj
FatalIncs from ', I o011ir. & callisi

,4

2.25E. 08

ChecksumE:^'
cool

a Natural gasiOilpipeline
b Headoncollison> aknots
c Nudging collision>8knots
d Glancing collision>8knots
e Severeglanclng impactontosiruclure. Lop
I amightlhrough

Fatalilles I'Dm head on collision o
S Bed assumed 10 be >=8 knots

.... .-~..,
, ^ "

Falalities from head on collision o
S eed assumed to be >=a knots

Rate
from

pool and
jet file

ex sure

1.85E-06

16

PLL

FahWes from headon collision o
S eed assumed lobe>=8 knots

3.70E. OS

15

Fatalines nom nudging fenders on
S cod assumed to be >=a knots

:.." ~:I

2.93E-07

Fatalit's from glancing fenders o
S eed assumed to be>=a knots

225E. 03

No. of
total ties

jinmediaie

17

Severe glancing impactonto SIIuc
S gad assumed to be4 1,101s

0.5

a

on

b

b

b

C

d

e

,

Boatpasses under bridge

People exposed on boat

18

Boat
Collision

Glancing
Fatality
Rate

~ 'I

4CO

PLL

.

re

16 1.12E. 07

No of

fatalilles

20

800

18

Boat
Collision
Head On

Fatality
Rate

05

PLL

19

400 281E. 06

- . ,

.

No. of
fatal11ies

20

0.33

0.33

033

033

800

26,

264

284

264 409E. 06

21

PLL

ToIaiNo

o1
tatamies

22 23

Total

PLL

680

26a

264

264 409E. o6

O 33

033

0.33

0.33

F1e

264 703E. 07

264 1.85E. 06

264

264

, 55E. 08

680 371E. 08

264 1.85E. 06

264

264

,

3 01E. 09

7.01E. 09

Telal PLL 9 65E. o6
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Eventtr. . for passage through Fr. inari"e Bridge
Boat Name: Vessell

V, 002UPCode

Widening 61navigation spansDeslgn Option 2
Upstream of brldg, ., revelllng Into the harbour

Events

. ,,...,,,....... . ",,,",..,...., . ,,..,,..,......,
,.. ... ..,

F, equene

2

sink, s

Nav
S an

a

Strikes
Nori

Nav
s an

Strikes at

speed
greater
than 4
knots

a 5

..

6

SI, ikes
b, id e

.

Causes
SI, uclu

ral
failure

,."........"
,

442

7

000

y

GadO

ilPipeli

Iuplur

0002262

8

rig

","",,~ ".,,,..."

I. O

y

y
00018
headon I

.

9

19nilio

0.33

nudge
067

minorglanco

n

F1eqUe, IC

0.5

y

0.5
n

0.05

0.3

y
o. 7
n

n

n

Outcome

10

,"""""'!
. I

Pipeline ruptures (NG orWq
Fatalmes from 'at o1fire &collisi

.

too

00009
y

Faulties from hoad on collision o
S God assumed to be>=a knots

n

0.95

y

735E. 09

People exposed on bridge

Conse uences Brid e Conse uen=es Boat

00018
head on

Fadings from head on collision o

S eed assumed lobe>=8knols

1.36E-06

2 72E. 06

It

,~~~.,

0999t

Fatalines nom head on collision o
S edassumedtobe>=8kn@Is

,

a

y

0.5

y

0.5
n

Rate
from

pooland
jet lire

ex DSUie

0.33

0.05

n

Fatalmrs from nudging fenderson

nudge
0.67

, .

0.3

y
0.7

n

2.15E. 07

minor glance

^2999. ., Umed 10 be >=a kilol, ..

n

F. 1,1111, . 1101/1 91.11cln" had. I. o
S ,ed assumed lobe>=a knots

n

5.02E. ,O

13

,...~,,

Outcomes

Severe glancing Impactonlo snug
S eed assumed to be4 knots

1.17E. 09

a

on

b

b

b

C

d

e

No. of
lablilies

Pipeline ruptures I
FatalMas nom 'a

14

1.67E. 09

^"""""~;

8 52E. 09

Checksumj^^
cool

a Natural gaslOilpipeline
b Headoncollison>8knols
c Nudging collision>8knots
d Glancing collision>8knols
e Severeglanclng Impactoniosi, ucture. Lop

Straightthrough

Fatalties from head on collision o
S CGd assumed 10 be >=8 knots

16

16

Fatalmes from head on coll!310n o
S eed assumed to be >=8 knots

Rate
from

pooland
jet liro

ex DSUre

6.19E-07

PLL

Fatalilles nom head on collisiono
S eed assumed to be >=8k, rots

1.24E. 06

,""' ""'"',. I

GorWO)
o01 fire & 6011/51

16

Fatalin BSIrom nudging lenders on
S eed assumed to be >=a knots

9.79E. 08

Fatalties from glancing lendars @
S edassumedtobe>=8knots

226E. 03

Immediate

No. of
legalMOS

17

Severeglanclng impactonto siruc
S eed assumed to be a knols

0.25

a

on

b

b

b

C

d

e

;""""".:!

800

200

Boat passes under bridge

People exposed on boat

18

Boat
Collision

GEncing
Fatality

RatePLL

re

..

18 1.87E-08

~ .-..

No. of
fatal111es

20

800

~. \

18

Boat
Collision
Head On

Fatal11y
Rate

025

PLL

re

200 234E. o7

No. o1
kibiilies

20

0.33

0.33

0.33

033

... .

Boo

264

284

264

264 194E-06

21

PLL

Total No
o1

Iaiaii!1.5

I~.

\-,

22 23

TDIal

PLL

480

264

264

264 194E-06

033

033

0.33

0.33

F1

264 133E. o7

264 309E. 07

264 4.42E. 07

264

7.35E. o9

480 386E-07

264 3.09E. 07

264 4.42E. 07

264

5.02E. ,O

,. 17E. 09

1.67E. 09

I\
\/

TclalPLL 3.08E-06
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Event"ee for passagethr@ugh Fremantle Brldge
BoatNam, : Vessel,

Cod. V, 0020
Design Option 2 Wldenlng of navigation spans
Downstr. am of bridge. travelling fronthe harbour

Events

t ,',
I ,.. 11:1.

. , ....-
,.

F1equenc

2

Strikes
Nav

S an

a

Suikes

Nori
Nav

s an

, ..

,

Strikes at
speed
greater
than 4

knots

4

I. ": I. ;:::

6 a

Strikes

hid e

.

Causes

St, ue!u
Iai

failure

L.
".

442

7

0.00

GadO
liplpel,

ne

uuplur
e

y

.,

.

0,002262

a

..
r
t

1.0

y

y
00018
headon ,

g

19nilio
n

Figquenc

I

y

0.33

0.05

nudge
0.67

I
,.

0.3

y
0.7
n

minor glance

n

n

"

Outcome

n

..

10

,..

Pipeline ruptures (NG o1WO)
Faultiesl, Qin 'el litre&collis

1.00

Doors

y

Fahlilies Irom head on collision o
S eed assumed to be >=a knots

n

7 SSE-09

0.95

y

,

..

People exposed on bridge

Conse ue"eesBrid e Congo uenees Boat

000.8
head on

Fatalilles nom head on collision o
S .d assumed to be >=8 knots

1.36E. DB

IT

.

09991

,......... . .
. "

Fataljibs nom head on collision o
S eed assumed to be>=8 knots

y

272E. 08

y

Rate
from

pooland
jet lire

e OSure

0.33

0.05

n

Fatalines nom nudging lende, s on
S eed assumed to be >=8 knots

nudge
0.67

03

y
0.7
n

2 15E-07

minorglanc.

n

Fatalill. s from glancing lenders o
S eed assumed to be >=a knojs

n

I 00E-09

13

,... .,
,

n

Outcomes

Severe glancing impact onto sunc
S eed assumed 10 be 4 knots

2.34E. 09

a

on

b

b

b

C

d

e

I. \

No. o1

Iaialities

Pipeline Iuplu, OS (NG orWO)
Fatal11/03/10m 'o1 Qinr. & collisi

14

9.69E-09
Checksuml^!^

cool

a Natural gas!Oilpipeline
b Headoncol"son> aknols
c Nudging collision>8knols
d Glancing collision>aknois
e Severeglancingimpactontoslructu, e. Lop
I Straightthrough

Falamesfrom head on congono
S ed assumed 10 be >=a knots

".- - .

..

16

16

Fate"lies from head on collision o
S ed assumed lobe>=a knots

Rate
Iron

pool and
let fi, e

ex sure

6.19E. 07

PLL

Fatalties from head on collision o
S ed assumed 10 be>=aknois

1.24E-06

15

,... .. .-.,
,

Fatalillesfrom nudging lenderson
S dagsumed 10 be >=a knots

9.79E-08

Fatalmes from glancing fenders o
S d assumed lobe>=aknots

2.26E. 03

Immediate

No. o1

labiaes

17

Severe glancing impact onto siruc
S ad assumed to be 4 knots

0.5

a

n

b

b

b

C

d

e

Boo

400

Boat passes under bridge

People exposed on boat

18

Boat
Collision

Glancing
Fatality
Rate

..

PLL

19

16 375E. 08

No. o1

Mainies

20

.

800

18

Boat
Collision
Head On

Fatal11y
Rate

0.5

PLL

19

400 937E. 07

.\

No. o1

lablities

20

0.33

0.33

800

264

264

21

033

0.33

PLL

Total No

o1

fatalInes

22

264

26, 194E-06

23

Total
PLL

880

264

033

033

0.33

0.33

284

264 1.94E. 06

Fre

264 265E. 07

26, 618E. o7

264

264

7 35E. 09

680 124E. 06

284 618E. 07

264

26"

, ODE-09

234509

TDIalPLL 3.80E. 06
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Eventtree for passage through F1emantle Bridge
yesseL2Boat Name :

Code V20o, up
Addition Did@IPhlns and fender strengtheningDesign Option ,

upstr. am of brldge. travelllng Into the harbour

Events

~ :,........"
\.

Froquenc

2

Strikes
Nav

S an

3

L ,."'~"", * ""~"~'
I, , -. J *I. ' .,

Strikes
Nori
Nav
s an

Strikes at

speed
greats,
than 4
knots

a 5 6

Strikes
brid e

Causes

aruetti
rel

foilu, e

' ""'"~' " "'~"" , "'~"""I I. . ,"""'~', , ,'~"'""', . e""""', . ,"~'~""I , ,""""~" ' """"""'

390

7

GadO

11Plpel
ne

Iupiur

002

y

8

O 0025S4

1.0

y

y
Quota
headon ,

in

e

9

19nitio
n

Froquenc

0.5

y

033

indri,
0.67

0.05

0.3

y
07
n

minor glance

n

05

n

Outcome

10

Pipeline ruplures (NG orWO)
Fatalrites from 'at o111re& collisi

0.98

00026

y

F
S

9 21E. 08

n

0.95

y

People exposed on bridge

Conse uencesBrld e Conse uences Boat

tallties 1.0m head on collision o
eed assumed to be >=a knots

00018
head on

Fatalmesfrom head on collision o
S eed assumed lobe>=a knds

11

I 70E. 05

a 40E. 05

0,974

Fadings from head on collision a
S eed assumed to be *=a knots

y

0.5

y

0.5
n

Rate
nom

pool and
jet lire

e sure

0.33

0.05

n

F. 1.1111, . 1101/1 mudglng lurid, ,. o11
:!rib. ,I ... 11/1/'11j0 1/9 >"^!!119',
Faialill. s 1101/1 91anelng 1.11deis o
S eed assurrred to be >=a knots

nudge
0.67

0.3

y
0.7
n

2 69E. 06

minorglance

n

n

13

I 67E-09

Oulcomes

Severeglancing impactonto SIIuc
S eed assumed to be 4 knots

3.91E. 09

a

on

b

b

b

C

d

e

No. of
fatalties

Pipeline ruptures ING or WOj
Fahlities from 'el Dollare a collisi

14

5.58E-09

9.60E-08

Checksuml:^^
cool

a Natural gas!011pipeline
b Headon collison>aknots
c Nudging collision>8tho15
d Glancing collision>8knots
e Severeglancing impaclontostruclure. Lop

Straightthrough

Falalities from head on collision o
S eed assumed 10 be >=8 knots

16

Fatal, ties nom head on colltsion o
S eed assumed to be >=8 knots

Rate
from

pooland
jet lire

ex DSU, e

2.06E. 06

16

PLL

FahlM, s from head on collision o
S eed assumed to be >, 8 knots

4.13E-06

15

FatalitIes from nudging fenders on
S cod assumed to be>=a knots

3.26E. 07

F
S

Immediate

2.50E. 03

No. of
fatal;lies

tames from glancing lenderso
e. d assumed 10 be>=8 knots

17

0.25 131.25

Severe glancing impaclonlosiruc
S eed assumed to be4 knots

a

on

b

b

525

Boat passes under bridge

People exposed on boat

18

Boat
CODision

Glancing
FatalIty

RatePLL

,9

"~-. ~

. . ,

b

16 6.25E. 08

C

d

e

No. o1

fatalilles

20

. ........~,

525

18

Boat
Collision
Head On

Fatality
Rate

0.25

PLL

19

13/25 513E. 07

,. ... .......,,

.

No. of
Iataliiies

20

033

",

525

0.33

21

173

0.33

O 33

PLL

Total No
o1

fatal1/1es

f

173

22

\-,

173

173 1.60E. o5

23

Total
PLL

3205

173 25

17325

17325 1.60E-05

0.33

FIG

033

173 290E. 07

173 677E, o7

173 967E. 07033

0.33

9.21E. 08

173

320.5 8.65E. 07

173.25 6.77E. 07

173.25 967E. 07

173.25

I 67E-09

3.9, E. 00

5.58E. 09

., ~\
I

^-

Total PLL 1.85E. 05
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Eventtre. for passagethrough Fremantl. Bridge
BoatName : Vessel 2

Code V20010
DBslgn Option I Addition of doIPhlns and fender sirength@nlng
Downstream of bridge. travelllng from the harbour

Events

I ,,.......

I, .,. ,

,

L- I. i-:. .;I ,..;. * I"::"""I : F1"'~~'I ; I""""""'! :~,"""'I :.~;":"'"""'I ~,"'~"", "':'"'~'.', ,'*"'~"", ,~""",".,.! ,~..,"..... I

F1equenc

2

Strikes
Nav

S an

a

SI, ikes
Nori
Nav
s an

Sinkes at

speed
910aler
than 4
knots

a 5 6

Sinkes
brid e

Causes
Siructu

131

Ianure

390

\-/

7

0.00

Gasb

11Pipeli
n.

rUptu,
e

y

0002564

8

1.0

y

y
Dome
headon I

9

19niUo
in

Froquenc

y

0.33

0.05

nudge
087

0.3

y
0.7

n

mino, glance

n

n

Outcome

n

10

Pipeline ruptures ING orWO)
Fataliti's from 'et o0/1iie & coins

1.00

00026

y

Fatalmes Irom head on coltsion o
S ed assumed to be >=a knots

n

0.95

y

1.75E-08

People exposed on bridge

Cons. uences Brld e Conse uences Boat

000.8

head on

Fatallines nom head on collision o
S ed assumed to be>=B knots

3.24E-06

,,

0,997,

Fatalines from head on collision o
S Bed assumed lobe>=8knols

y

8.48E-06

y

Rate
Irom

pooland
jet lire

ex DSUre

0.33

n

0.05

nudge
0.67

Faulties nom nudging fenders on
S cad assumed to be >=a knots

0.3

y
0.7
n

5. ,aE-07

minorglanee

n

Fatalines 1.0m glancing fenders o
S Bed assumed to be>=a knots

n

3.41E. 09

13

n

Outcomes

Severe glancing impact onto siruc
S eed assumed 10 be 4 knots

7.95E. 09

a

.

ion
b

b

b

C

d

e

No. of
Iatalities

Pipeline ruptures ING orWOj
Fatallines from 'or o011i, e & collisi

14

2.55E. 08

Checksuml^^;^^l
cool

a Natural gas, Oilpipeline
b Headoncollison>8/@/'15

c Nudging collision>aknots
d Glancing collision>8knots
e Severeglaneing impactonlosl, uciure. Lop
I Straightlhrough

Fatalines from head on collision o
S eed assumed lobe>=8 knots
FatalMes from head on collision o
S eed assumed 10 be>=aknots

Rate
horn

pooland
19/11, a

ex DSU, e

2.10E. 06

16

PLL

Fatal111.3 from head on collision o
S Bed assumed to be >=a knots

4.20E. 06

16

Fatalmes from nudging fenders on
S eedassumedto be>=a knots

3.32E. 07

Fatalill" Irom ginncing fenders o
S .ed assumed IQ be>=8 incls

2.55E. 03

Immediate

No. of

fatal1:1es

17

Severe glancing impactonto SIIuc
S eed assumed to be 4 knots

0.5

a

on

b

b

b

C

d

e

525

2625

Boat passes under bridge

People exposed on boat

18

Boai
Collision

Glancing
Fatal11y

RatePLL

19

16 1.27E. 07

No. o1
Ialalilies

20

rip"....,,,..., ".~,,...-,"

,

525

18

Boat
Collision
HeadOn

Fatal11y
Rate

0.5

PLL

2625 209E. 06

19

No. o1
Iaialilies

20

0.33

" .,,.,."..-....

525

033

21

173

0.33

PLL

Total No
o1

Iaialilies

173

173

,73 304E-08033

22 23

Total

PLL

451.75

173 25

173 25

173.25 3.04E. 06

0.33

F1e

0.33

173 590E. 07

173 1.38E. 06

1730.33

0.33

I 75E-o8

173

451.75 2.80E. 08

173.25 ,. 38E. DB

17325

173.25

3.4, EDO

7.95E. 09

TclalPLL 7.22E. 06
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Eventtre. for passagethrough From antle Bridge
BoatNamo: yess^
Code V2002UP

Widening of navigation spansDesign Option 2
Upstream orbrldg. ,travelllng Into the harbour

Events

L. ""'"""'" I. .It. "..,,,,,
L I*,....* -,

,^".."..,"

F, equ, nc

2

,. .,

Strikes
Nav

S an

3

,....., ,,..., .,. , I. . I * I t

Strikes
Nori
Nav
s an

Sinkes at

speed
greater
Ihan 4
knots

4 5 6

Sillkes
b, Id e

Causes
SI, "eru

,al
failure

390

7

GagO

11Pipeli
ne

IUplU,
e

000

y

0002564

a

y
000.8
haadon I

10

y

9

toriillO
n

Froqu. ne

0.5

y

0.5
n

033

11udg'
067

0.05

0.3

y
0.7
n

minorglance

n

n

Outcome

10

Pipeline ,up, ores ING orWO)
Fatal111.5 1.0m '. t o0/1iro & collisi

1.00

00009

y

Fatallies from head on collision o
S eed assumed to be>=8 knois

n

8 33E. 09

I 64F-00

3.08E. 06

0.95

y

People exposed on bridge

Conse uene. s Brld e Conse uences Boat

0,0018
headon

Famines from head on collision o
S ed assumed to be>=a Mats

,,

,.",*,,."*
.. ,,. I

09991

Fatalties nom head on collision o

y

05

y

0.5
n

Sp. .d assum, d to be >=8 knol.

Rats
from

pooland
jet lire

ex DSUre

0.33

0.05

n

F. 1,1111. . '10/11/1utlpln, I'm1.1. o11

nudge
067

0.3

y
o. 7

in

2.44E. 07

minor glance

SI all

n

Fataljibs front glancing lenders o
S d assumed to be>=a knots

n

5.69E. 10

13

.., .. .. ,.... .

Outcomes

Severeglancing impact onto SIIuc
S eed assumed to be 4 fools

1.33E. 09

a

on

b

b

b

C

d

e

No. of
Ialalilies

Pipeline ruptures ING orWq
Fataljibs I'Dm 'et chite a 6011/5i

14

1.90E-09

110b

9.66E. 09

Checksuml:^;^^^'
cool

a Natural gaslOilpipelin.
b Headoneollisnn>aknots
c Nudging collision>8knols
d 61anclngcollision>aknois
e Severeglancing impactontosi, uctwe Lop

SIRlghtlhrough

Fatalincs nom head on collision o
S eed assumed to be>=8knols

16

Fatalties from head on collision o
S eed assumed to be >=8 knols

Rate
from

pooland
jail, re

ex sure

a knoi

7.01E. 07

16

PLL

Fatalinesfrom he'd on collision o
S ed assumed lobe>=8 knots

1.40E-06

,6

Fatalines from nudging fenders on
S eed assumed to be >=8 knols

1.11E. 07

525

0.25 13.25

F
S

256E. 03

jinm"1.16

,. 0. of
labli*es

to lilies from glancing fenders o
eed assumed lobe>=B mats

17

Severe glancing impactonto SIruc
S eed assumed to be 4 knots

.~ ,,,..*.,""q

a

on

b

b

b

C

d

e

Boat passes under bridge

People exposed on boat

18

Boat
Collision

Glancing
Fatality
RalePLL

,

~'*"*"t, ,I

19

16 2.12E. 08

N0 o1

fatallibs

20

~',~~"'!

525

18

Boat
Collision
Head On

Fatal11y
Rate

0.25 131.25 17,507

PLL

.

,~,,..,..,,.\ ,...."\.......~

19

No. o1
Iaialiti. s

20

033

0.33

0.33

033

525

.

21

173

PLL

TotalNo
of

fatalill. s

I~\

173

22

\,

173

173 144E. 06

23

Total
PLL

320.5

173 25

173 25

17325 I 44E. 06

0.33

O 33

0.33

033

F1e

173 986E-08

173 230E. 07

173 3.29E-o7

173

8 33E. 09

3205 294E. 07

,73.25 2.30E. 07

173.25 329E. 07

173.25

5.69E. ,O

1.33EC9

1.90E. 09

I\

^

TotalPLL 2.30E. 08 .
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Eventtr. . 10rpassaga through Freman, Ie Bridge
BoatName: Vessel 2

Cod, V20020
Deslg" Option 2 Wld. ming armavlgatlon spans
Downstream orbrldge. travelling from the harbour

Events

~ . ,".............. .....~.....

F1equene

2

Strikes
Nav

S an

3

:- - ::""""'*

Strikes
Nori

Nav
s an

Strikes at
speed
greater
than 4
knots

4

I ,'""~., I. "
. " "...

5 6

Strikes
bad e

\

I'

Causes
SIIuctu

Iai
failure

390

7

0.00

GaslO

ilPipeli

rup!ur

y

11 ;, C'

0002564

a

ne

1.0

y

y
0001B
headon I

e

9

19nilio

.. I . ,
" . ..~...,

n

F1equenc

I

y

0.33

0.05

nudge
0.67

0.3

y
0.7
n

minor glance

n

n

Outcome

n

10

:':' .' ~. 1.1

Pipeline Iuptures 0.1G orWO)
Fatalilles Iron at o011/1e& 6011/3

1.00

00009

y

Fatalin BS Irom head on collision o
S eed assumed 10 be >=B knots

n

8.33E. 09

O 95

y

People exposed on bridge

Conse uences Brid e Conse uenees Boat

000.8
headon

Fatalilies from head on collision o
S eed assumed lobe>=aknots

. ... ,., . ,

1.54E-06

It

09991

Fatalines nom head on collision o
S ed assumed to be >=a knots

y

3.08E. 06

y

0.33

Rate

from

pooland
jet lire

ex DSUre

0.05

n

Fatalines nom nudging fenders on
S eed assumed 10 be>=a knots

nudge
0.67

2.44E-07

0.3

y
0.7
n

minor glance

n

FatalMOSlr@in glancing lenders o
S Bed assumed 10 be>=8knols

n

1.14E-09

13

n

Outcomes

Severe glancing impactonto gnuc
S eed assumed to be 4 knots

2.65E-09

a

10n
b

b

b

C

d

e

\

No. o1
fatalilles

I . ,.

Pipeline rupiur
Fatalill. s from

14

^

Fatalines nom head on collision o
S eed assumed 10 be >=8knols

cool

a Natural gasJOllpipeline
b Headoncollison>aknots
c Nudging collision>aknots
d Glancing collision>8knols
e Severeglanclnglmpactontosiruclure. Lop

SIRighllhrough

Rate

from

pool and
jet fire

ex OSU, G

FatalMOS nom head on collision o
S cod assumed to be >=a knots

. am
,

7.01E. 07

16

PLL

SING orWOj
at o0/1i, e a collisi

Fataljugs from head on collision o
S Bed assumed 10 be>=8 knots

1.40E-06

,a

Faulties from nudging fenders on
S .ad assumed 10 be>=8 knots

IME. 07

Checksuml^^;^^l

Fataltiles from glancing lenders o
S eed assumed to be >=8knois

256E. 03

Immediate

~ ~.,...~.,. mml
.I .I

No. o1
blames

17

Severe glancing impact onto sirue
S eed assumed to be , knots

1.10E-08

0.5

a

on

b

b

b

C

d

e

525

262.5

Boat passes under bridge

People exposed on boat

18

Boat
Collision
Glancing
Fatality
RatePLL

-.... by ,

19

16 4.25E. o8

No. o1
blames

20

~ . ........~.~ ,

525

18

Boat

Collision
HeadOn

Fatal11y
Rate

0.5

PLL

.~~,. ....,.~"

262.5 6.97E. 07

19

N0 o1

Iaialiiies

20

0.33

0.33

0.33

O 33

525

173

173

173

173

21

PLL

Total No
of

labliiies

22

45.75

173 25

173.25

17325 1.44E. 06

23

Total
PLL

I 44E. 06

0.33

0.33

0.33

033

F1e

173 197E-07

173 460E. 07

,73

173

a 33E-09

451.75 9.37E. 07

173.25 ,60E. 07

173 25

173 25

1.14E. o9

265E-09

TelalPLL 2 84E. 06
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Ev. nttr. . for passage through Fremanlle Bridge
BoarNam. : Vessel a
cod. v300, up

Addltlon of doIPhlnsand fender strengtheningDesign Option I
Upstream ofbrldg. .travelll"g Into the harbour

Events

F1equenc

2

SIIik, s
Nav

S an

3

Strikes
Nori
Nav
s an

Strikes at

speed
9,031er
than4
knols

A 5 6

Strikes
brid e

:I'*""'"~;

Cause
Sinn. u

Ial
jailure

390

7

002

GadO

liplP. 11
rig

,upIur
e

y

00025B4

8

' " " 4 ,. I*, "'

y
00018
headon I

10

y

9

19ni"o
n

Requenc

0.5

y

0.5
n

O 33

nudge
0.67

0.05

0.3

y
0.7
n

minorglanee

n

n

Outcome

to

~..,.","....". ,-.""*"..~"

Pipeline ruptures ING orWO}
Fatalilles nom 'at coin, a a '01/1s

0.98

00026

y

FatalRIGS from head on collision o
S Bed assum. dto be >=8knols

n

9.21E-08

I 70E-05

095

y

People exposed on bridge

Conse uenees Brld e Conse uenees Boat

00018
headon

Fatalmesnom head on collision o
S eedassumed lobe>=a knots

11

09974

Fahlit!es from head on collision o

^299^^umed lobe>=8knols
F, 1.11",. 1101/1, Iud"Ing 10/1d. I. o11
S a. d .,. mined 10 be >=a k, 101.

y

3.40EQ5

0.5

y

0.5

n

Rale
I'Dm

pooland
jet lire

ex OSure

0.33

0.05

"

nudge
0.67

0.3

y
o. 7
n

2.69E, 06

minor glance

n

rail"""11:

Fahlili. s horn glancing lend. ,s o
S eed assumed to be a=a knots

n

1.67E. 09

13

Outcomes

Severe glancing impact onto SIIue
S eed assumed to be 4 knots

3.91E-09

a

on

b

b

b

C

d

e

No. o1
fotalities

Pipeline ruptures ING orWOj
Fatal111.5 from 'e1 o1fire & collisi

14

558E-09

,,.,.*."..,,,**I ^,, L, ,.-",,,,
;

...

9.60E-08

Checksumj^^I
cool

a NaturelgaslOllplpeline
b Headonco!lison>amo15
c Nudging collision>akno, s
d Glancing collision>aknots
e Severeglancing impactonlosi, uclure. Lop
I Straightlhrough

Fatalinus from head on colllslon o
S eed assumed to be >=8knols

,6

16

Fatalingsfrom head on collision o
S eed assumed to be >=a knots

Rate
from

pooland
jet lire

ex DSUre

2.06EC6

PLL

,

FatalMes 1.0m head on collision o
S eed assumed to be>=a knots

4.13E. 06

,a

FatalMOS from nudging lenders on
S eedassumed lobe>=8 knots

3.26E. 07

Fatalines from glancing lenders o
S eed assumed to be >=8 knots

250E. 03

Immediate

No. at
jabli*ies

17

,,,,,*"",,, ,.,"'"'~q a*.~,,,.,
., ,

Severe glancing impactoniosl, ue
S eed assumed lobe4 knots

025

a

on

b

b

b

C

d

e

450

it 2.5

Boat passes under bridge

People exposed on boat

18

Boat
Collision

Glancing
Fatality

RatePLL

19

16 6.25E. 08

No. of
Iaia!ines

20

450

re

0.25

Boat
Collision
HeadOn

Fatal11y
RatePLL

..,","~" ~~.,.".....^

,, 25 4.39E-07

19

N0 o1
1.1alities

20

0.33

O 33

033

033

450

149

149

149

149 137E. 05

21

PLL

TotalNo
o1

fatal111es

I\

22

\/

23

Total
PLL

277

148 5

148 5

148.5 1.37E-05

O 33

0.33

0.33

0.33

Pre

149 249E. 07

149 580E. 07

149 8.29E. 07

149

9 21E. 08

277 7.51E. 07

,485 580E. 07

148.5 8.29E. 07

,48 5

1.67E. 09

3.91E. 09

5.58E. 09

I\

^I

TotalPLL 1.58E. 05

.
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Eventtr. . for passagelhrough Freman, Ie Bridge
Vessel 3BoatNama :

Cede VsDO, D

Addition oldolphlns and fender strengthenlngDesign Option I
Downstream orbridge. travelling from the harbour

Events

F1equenc

2

Strikes

Nav
S an

3

,.. .., , I. .* ",. J ,... I, '. I

aches
Nori

Nav
s an

4

Sink. sat

speed
greater
than 4
knots

5 6

^

Shitss
brid e

Causes

SIIuctu
Iai

failure

390

7

GaslO

ipipe!i
he

ruplur

0.00

y

8

0002564

y
00018

headon I

I. O

y

e

g

19nili@
n

Froquenc

I

y

0.33

0.05

nudge
0.87

0.3

y
07
n

minor glance

n

n

Outcome

n

10

Pipeline ruptures ING orWq
Fatalme5110m '. I o1fire &collisi

1.00

00026

y

Fatal ities from head on collision o
S eedassumed to be>=a knots

1.75E. 08

n

People exposed on bridge

Conse uences BoatConga Uenc. s Brld e

0.95

y

00018
head on

Fatalines from head on collision o
S e. d assumed to be >=a knots

11

3.24E-06

r. ......~.,
,. ..."

09974

Fadilies from head on collision o
S aedassumed to be, =a knots

y

6.48E-06

Rate
Iron

pool and
jet 1/10

ex OSure

y

033

0.05

n

Fataliiies nom nudging fenders on
S eed assumed to be>=a knots

nudge
0.67

0.3

y
0.7
n

5.13E. 07

miner glance

~,...~." -.,"~~..,," --.,.....~.". ..-~.,.., .~."-........."

in

Fatalities nom glancing lenders a
S co assumed lobe>=8 knots

n

13

3.41E. 09

a

Outcomes

Severeglancing impactonto siruc
S Bed assumed to be4 knots

7.95E. 09

a

on

b

b

b

C

d

e

.

No. of
fataliti's

14

Pipeline ruptures (NG orWO)
Fahlili, sirem '. I I'll. &coltsi

255E. 08
Checksumt^;^'

cool

a Natural gasJOilpipeline
b Headoncollison> Bknols

c Nudgbigcollislon>8knots
d Glandngco!!ision>8knols
e Severeglancing impactontoslructure. Lop
I SIRigh, Ihrough

Fatalines from head on collision o
S gad assumed tob. *=8knots

16

Rate

from
pooland
let lire

ex OSU, e

Fahlili. s from head on collision o
S eed assumed to be>=8 knols

2. ,0E. 06

16

PLL

Fatalines Iron head on collislon o
S eed assumed to be>=8knots

4.20E-06

Ie

Fatalines from nudging lenderson
S ad assumed lobe>=8knols

3.32E-07

Fatalmesir@in glancing lenders o
S ed assumed lobe >=8 knots

Immediate

No. o1
ladi"OS

2.55E. 03

17

Severe glancing Impactonlo siruc
S eed assumed 10 be 4 knots

0.5

a

on

b

b

b

C

d

e

450

People exposed on boat

Boatpasses under bridge

18

Boat
Collision

Glancing
Fatal11y

Rate

225

PLL

19

16 1.27E. 07

No. of
lablilies

20

.'-.,"'....'..,.." . -..,"......;."

.

450

18

Boat
Collision

HeadOn

Fanliiy
Rate

0.5

PLL

19

225 1.79E. 06

N0 o1
lablili. s

20

0.33

,..~..-

450

0.33

21

149

033

PLL

TotalNo
o1

lablilies

149

0.33

22

149

149 260E-06

23

Total
PLL

389.5

148.5

033

0.33

0.33

148 5

F1e

1485 260E. o6

149 506E. 07

149 1.18E. 06

033

149

1.75E-08

149

3895 242E. 06

148.5 118E. 06

148.5

148.5

3.41E. 09

7.95E. DB

I

.

TotalPLL 6 21E. 06
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Eventtree for passagethrough Fremantle Brldge
Vessel 3BoatNam. :

V3002UPCode

Wldenlng @1navlgatlon spansDesign CPIlon 2
Upstream of b, Idgo, travelllng Into trio harbour

Events

Frequenc

2

SIIikes
Nav

S an

3

Sillkes
Nori
Nav

s an

Strikes at

speed
greater
Ihan 4
blots

4

'. - ;::: ""'.~\

5 6

Strikes
b, id a

.~.^.~... , .'~........' ..,."'~....., .~~......"....,. F^......."..': .--.

. , . ~ ..., . . . -. ..., . .-. . .,

Causes
SII"61u

1.1
jailure

390

7

GaslO

ilPipeli
n.

Iuptur

0.00

y

a

0002564

y
0001B
headon I

in

0.33
10

y

e

9

19nilio
n

Prequenc

0.5

y

0.5
n

0.05

nudge
0.67

03

y
0.7
n

minorglance

n

Ouicome

to

Pipeline Iuplu, es ING orWO}
Fatalmes Iron 'et o0/1ir. & collisl

I 00

0,0009

y

Fatalmes nom head on collision o
S eed assumed to be >=a tools

833EC9

I 54E-00

n

People exposed on bridge

Cerise uences BoatConse uencasBrld e

095

y

000.8
head on

Fatalmes from head un collision o
S Gad assumed to be >=a knots

,,

0,9991

FatalMes nom head on collision o

y

3.08E. 06

0.5

y

05
n

Rate
nom

pool and
jet fire

ex DSU, e

SEggd .., 11m, d ID b. >=a knot.

0.33

n

005

F, !. 11/16. Ir0, ,11/11dglng fender. o11
S eed assumed to be >=a knots

nudge
0.67

2.44E-07

0.3

y
0.7

n

minor glance

n

Fatalitss from glancing lenders o
S eed assumed to be >=a knots

13

n

5.69E. 10

Outcomes

Severe glancing impactonlo siruc
S ed assumed to be 4 knots

,. 33E-09

" --.

..

a

on

b

b

b

C

d

e

No. of
funnies

14

Pipeline ruptures (NG orWO)
Fataljilts from 'o1 @1the& collisj

1.90E. 09

966509

Checksumt^^;!^
cool

a NaturelgaslOllpipe!ine
b Headoncollison>8kn@Is
c Nudging collision>8knots
d Glancing collision>8knots
. Severeglanclngimpactontostruetu, e. Lop
I Straightlhrough

Falalities from head on collision o
S eed assumed lobe>=8knots

,6

Rate
from

pooland
pine

ex DSUre

Fatal lies from head on collision o
S eed assumed 10 be >=B knots

, ~-..-
I. :. *I

7.01E-07

16

PLL

Fatalilles nom head on collision o

S eed assumed to be >=B knots

a. 40ECB

15

Fatalmes nom nudging lenders on
S eedassumed to be>=8 knots

1.11E. 07

~-~ ~
.

.,

Fatalmes 1.0m glancing fenderso
S eed assumed to be >=a knots

Immediate

No. of
fatal ties

256E. 03

17

0.25

Severe glancing impactonto SIruc
S Bed assumed to be4 knots

a

on

b

b

450

112.5

People exposed on boat

Boat passes under bridge

18

Boat

Collision
Glancing
FatalIty
RatePLL

19

b

16 212E. 08

^,"
.

. . ,

C

d

e

No. of

bulbes

20

450

18

Boat

Collision
Head On

Fatal11y
Rate

0.25

I~

PLL

19

', 2.5 1.49E. 07

~..,

No. o1

fatal111es

20

0.33

450

0.33

21

149

0.33

PLL

TotalNo
of

Iatalilies

I~'

149

033

22

\.

149

149 , 2.1E. 06

23

Total

PLL

277

148.5

0.33

148 5

F1e

033

1485 I 24E. DB

149 845E-08

0.33

149 197E. 07

O 33

149 2.82EC7

833E. 09

149

277 255E. o7

148.5 1.97E. 07

1485 2.82E-07

148 5

569E. ID

1.33E-09

1.90E-09

I)

ToIalPLL 1.97E. 08
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Eventtreeforpassagethrough Freman"e Bridge
Vessel 3Boat Name :

Code V30020

Widenlng Qinavlgallon spansDesign Option 2
Downstream orbrldge. travelling from the harbour

Events

,,"""~", *,., my',"'"," I. ':"'""' I. .,""'""*',! * "",*.,,," ill"...,.,,.-*, , ,,""-'"",', j "."'""'I r"~""""! """"""' ' '~'~"

Prequenc

?

SI, ikes
Nav

S an

a

Sinikes
Nori
Nav
s an

SIIikes at

speed
greater
than 4
knots

a 5

I

6

Strikes
brid e

Causes
SIIuclu

ral
jailure

390

7

0.00

GaslO

ilPipeli
he

Iuplur

y

8

0002564

I. O

y

y
00018

headon I

e

9

19nilio
n

FIGquenc

y

0.33

0.05

nudge
0.67

0.3

y
0.7
n

minorglance

n

n

Outcome

n

10

Pipeline ruplu, es ING orWO)
Fatalmes horn 'et o1fire& o011/5i

1.00

00009

y

FatalMOS nom head on collision o
S Bed assumed to be >=a knots

n

8.33E-09

o. 95

y

Peopleexposed on bridge

Cons. uences Brld a Conse ue, ,CES Boat

000.8
head on

Fatalines 110m head on collision o
S .ed assumed to be >=8 knots

11

1.54E. 06

0999,

Fatalilles from head on collision o
S eed assumed to be>=a knots

y

3.08E-06

Rate
ItQin

pool and
jet mr.

ex DSUre

y

0.33

n

0.05

Falalities from nudging lenders on
S edassumedtobe>=a knots

nudge
0.67

0.3

y
0.7
n

2.44E-07

minorglance

n

Fatal111.5 from glancing lenders o
S eed assumed lobe>=8 knots

n

13

1.14E-09

n

Outcomes

Severe glancing impacton!o siruc
S eed assumed 10 be 4 kriols

2.65E. 09

I~\

a

on

b

b

b

C

d

e

1.7

No. of
blames

Pipeline uuplur, s ING orWO)
Fatalin. s from 'et onin, e & collisi

,,

'~~,""""""', r' I"'"
,.. ...,

1.10E-DB

checksuml^;^^^;^^I
cool

a Natural gaslOilplpeline
b Headoncollison> 8knots
c Nudging collision>Bknois
d Glancing collision>akno!s
e SE"ereglancing impactontosi, uciure. Lop
I Sinightihrough

Fatalmes from head on collision o
S eed assumed to be >=8 knots

16

16

Rate

from

pooland
jet lire

ex OSure

FatalMes from head on collision o
S eed assumed to be >=8 knots

7.01E-07

PLL

Fadilies from head on collision o
S eed assumed to be >=8 knots

1.40E-06

16

Fatalines from nudging lenders on
S eed assumed to be>=a knots

1.11E. 07

'~:!

Fatalines from glancing raiders o
S Bed assumed lobe>=a knots

Immediate

2.56EC3

No. o1
Iala Iti's

17

--,.,...~"
,.

Seve, e91ancing impactonlo aruc
S eed assumed 10 be a knots

0.5

a

on

b

b

b

C

d

e

450

225

Boat passes under bridge

People erposed on boat

18

Boat

Collision

Glancing
Fatal11y
RatePLL

19

16 4.25E. 08

, '~'~'~' '*

No. of
Iaialilies

.

20

450

re

Boat

Collision
HeadOn

FatalIty
Rate

0.5

PLL

. ,

19

225 597E. 07

No. o1
labliiies

20

0.33

450

0.33

21

149

0.33

PLL

TotalNo

o1
Iaialiiies

149

0.33

22

tag

149 1.24E. 06

23

Total
PLL

3895

148.5

0.33

0.33

148.5

F1e

148.5 ,. 24E. 06

149 169E-07

0.33

033

149 394E. 07

149

149

a 33E. 09

3895 809E^7

148.5 3.94E. 07

148.5

148.5

1.14E. 09

2.65E. 09

TotalPLL 2.44E. 06
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Eventtre. for passage through Fremantle Brldge
Vessel 4Boat"am.

Code V400tUP
AddlUon or delphlns and fenderstrengthenlngDesign Option I

Upstream orbrldg. .travelling Into the harbour

Events

. -. 1.11

I

F1equenc

2

Strikes
Nav

S an

3

Strikes
Nori
Nav
s an

,

Strikes at

sp. ed
greal, ,
than 4
knots

4

.
q

5

I

6

Strikes
b, id e

Causes
SIruclu

1.1
foilure

780

7

GasiO

ilPipeli
n,

,upfur
e

0.02

y

a

000,282

y
0001B
headon I

,,

Q :13

INdgO
0.67

10

V

9

19nilio
n

Requenc

t

0.5

y

0.5
n

0.05

0.3

y
0.7

n

minor glance

n

Outcome

I I

10

Pipeline ruptures ING o1WO)
Fatalmas ItQin at o0/11ro & collisi

0.98

0,026

y

Fatalin. s nom head on collision o
S eed assumed lobe>=8knols

J ,

4 60E. 08

111.11 11U

People exposed on bridge

Conse uences BoatConse u. ricesBrld e

n

0.95

y

Doors
head on

Fatal mes I, Qin head on collision o
S e. d assumed to be >=8 knots

11

,"' '~~' ""~;
, ,

0,9974

0.3
05 y
y0.7

n

0.5
n

FatalMOS from head on collislon o

SE. ., I ... 11,110,110 110 *"!I kiwi.
I- PI"1/11, . null, 1111/1uliiu 1011/1. In 1/11
S e. d assu, ,I'd ID be >=U kilols

y

I 70E-05

Rate
from

pooland
jet lire

at OSure

033

0.05

n

nudge
067

1.35E-06

minor glance

n

Fatalmes nom glancing lenderso
S Bed assumed to be >=a knots

a 37E. to

13

n

Outcomes

Severe glancing impactonto siruc
S eed assumed to be 4 knots

I 95509

a

on

b

b

b

d

e

No. o1
fatalings

Pipeline ruptures q. 1G orWq
Fatal111.5, rom'at 1/1/08collisi

14

279509

\.

Fatalilles from head on collision o
S eed assumed to be >=B knots

4.80E. 08

Checksum^
cool

a NaturelgaslOilpipeline
b Head@neolllson>8knols
c Nudging collision>akinots
d Glancing collision>8knots
e Severeglancingimpactontostructure. Lop
I Straightlh, ough

16

16

Rate
Irum

pooland
jet fire

ex sure

Fatal11/6s from head oneollisl@n o
S eed assumed to be>=8 knots

1,03506

PLL

FatalMes from head on collision o
S cod assumed to be>=8 knots

206E-06

16

Fatalinesl, Qin nudging lenders on
S eedassumed lobe*=8 knots

I 63E. 07

Immediate

Palatines from glancing fenders o
S eed assumed to be >=a knots

No. o1

fatalilles

11

,. 25E. 03

17

~ .---"

0.25

Severeglancing impact on1051ruc
S eed assumed to be 4 knots

a

on

b

b

b

C

d

e

400

ICO

People exposed on boat

Boat passes under bridge

18

Boat
Collision

Glancing
FatalIty

RatePLL

19

16 3.12E-08

No. o1

fatalines

20

400

18

Boat
Collision

Head On
Fatality
Rate

0.25

PLL

19

ICO 195E. 07

400

1320.33

1320.33

033 132

132 608E. 06O 33

N0 o1

faulties

20 21

PLL

TotalNo
o1

fatalmes

I~

\-

2

Tclal
PLL

248

132

132

132 608E. 06

033

0.33

0.33

033

F1e

132 110E. 07

132 258E. 07

132 368E. 07

132

4 60E-08

248 3.37E-07

132 258E-07

132 368507

132

a 37E. ,O

, DSE-09

2.79E. 09

,\
\-

TotalPLL 7.04E-08
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Eventtr. e for passage through Frenantle Bridge
Vessel 4Briar Name :

Cod. V400, D
Addition oldolphlnsand fenderstrength. mingDeslgn Opllon I

Downstream orbrldge. ,ravelllng from the harbour

Events

*-, 5:1"' , . , ..... ., , ,.. . ...... .., .
.

Freque, to

2

Sulkes

Nav
S an

3

Strikes
Nori
Nav

s an

Strikes at

speed
greater
than 4
knots

, 5 6

Strikes
b, Id e

Causes
SIIuclu

ral

jailure

780

7

GaslO

11Pipeli

Iuptur

0.00

y

a

000,282

re

". I-,... .-,. .,..,..,. .. '.. I. I

y
00018

headon I
, .O

y

e

9

19nitio
n

F, equenc

y

0.33

0.05

nudge
0.67

03

y
o. 7
n

minor glance

n

n

Outcome

n

10

Pipeline ruptures {NGOrWO)
Fatalties from at o0/1/16 & colliei

1.00

00026

y

Fatal, lies nom head on collision o
S eed assumed to be >=8 knots

8.77E-09

People exposed on b, idge

Conse uenees BoatCringe uenees Brld .

n

0.95

y

00018
Ilead on

Falalilies from head on collision o
S ed assumed 10 be >=8 krrots

It

1.62E. 06

09974

Famines from head on collision o
S .ed assumed to be >=8 krro!s

y

3.24EC6

Rate
from

pooland
jet lire

e OSUre

y

0.33

0.05

n

Fatalincs 1.0m nudging lenders on
S .ed assumed to be >=8 krrots

nudge
0.67

0.3

y
0.7

In

2.56E. 07

minorglance

n

Fatalmes 1.0mglancing lenderso
S eed assumed 10 be >=8 knots

n

13

1.70E. 09

n

\
,.

Outcomes

Severe 91anclng Impactoniosiruc
S eed assumed to be 4 knots

,-\

\./

3.97E. 09

a

on

b

b

b

C

d

e

No. o1

fatalMes

Pipeline Iuplu,
Fatalin. s from

14

,. 27E. 08

Checksuml^
cool

a Natural gaslOilpipeline
b Headoncollison>aknots

c Nudging collision>8knols
d Glancing calllslon>aknots
e Severeglancing impactontostructu, a. Lop
I Siralghlthrough

Fatal nits Irom head on collision a
S eed assumed to be >=B knots

16

16

Rate
from

pool and
jet lire

ex OSu, a

Fatal111.5 nom head on collision o

S ad assumed Robe>=8knots

ToSE. o6

PLL

SI
et

Fatalilles Irom head on collision o
S eed assumed to be >=8 knots

2.10E-06

NG orWO)
o01 lire & collisi

16

FaialiUes from nudging fenders on
S eed assumed to be>=8kmis

1.68E. 07

Fatalmes from 91anclng lenders o
S eed assumed to be >=8 k, rots

Immediate

No. of
fatal:lies

1.27E-o3

17

Severe glancing impad onto struc
S eed assumed to be 4 knots

05

a

on

b

b

b

C

d

e

4CO

2CO

People exposed on boat

Boat passes under bridge

18

Boat

Collision
Glancing
Fahlity

Rate

I ~~""" ' ~~, ~'~"
.I

PLL

19

16 6.36E. 08

No. o1
latelilies

20

400

18

Boat

Collision
Head On

Fatal11Y
Rate

, .-.".

,

0.5

PLL

19

2.0 795E. 07

No. o1

hlalities

I

20

0.33

033

0.33

400

132

21

PLL

TotalNo
o1

fatalmes

132

132

132 I. ,6E. 060.33

22 23

Total

PLL

348

132

0.33

0.33

0.33

0.33

F1e

132

132 1/6E. 06

132 225E. 07

132 525E-07

132

132

a 77E. o9

348 1.08E. 06

132 5.25E. 07

132

132

1.70E-09

3.97E. 09

TDIalPLL 2.77E-08
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Eventtre. for passagethrough From antle Bridge
Vessel 4BoatNam, :

Code V4002UP
Widening striavlgatlon spansDesign Option 2

Upstream orbrldg. .travelllng Into the harbour

Events

" I L

Froquenc

2

Sinkes
Nav

S an

3

.
I.

I.

strikes

Nori
Nav
s an

Strikes at

speed
greater
than 4
knois

4 5 a

Strikes
brid e

Causes
aruc. u

1.1
jailure

I ,
,

780

7

000

y

GagO

ilPipeli
rig

IUptU,
e

I t I",.~~.:.; , I

a

000,282

y
0,0018
headon I

1.0

y

9

19nilio
n

F, equenc

05

y

0.5
n

11UdgO
067

minor 91a, ,co

0.33

0.05

0.3

y
0.7

n

n

n

I
I .

Outcome

10

Pipeline ruptures ING orWO)
Fala!inesf, Din el Inre&collisl

1.00

00009

y

.."

I.

FatalRias from head on collision o
S eed assumed to be>=aknols

a 17E. 09

0.95

y

n

People e"posed on bridge

Conse uences BoatConse uencesBrld e

00018
head on

Fatalin. s from head on collision o
S eed assumed to be >=aknots

It

7 70E. o7

I 541^. 00

I, ': ,

09991

F
S

y

0.5

y

0.5

n

1.1ilies nom head on collision o
eedassumed to be>=a knots

Rate
f, Qin

pooland
jet file

ex DSUre

0.33

0.05

n

Fatalincs nom nL, dging lenders on

nudge
0.67

03

y
0.7
"

I 22E-07

minor glance

^peed as. umed to be >=a knot^

n

F"1,1111. " lioni u1. ,1,111" 1011/1ur. o
S Bed assuni"d to be >=a knots

2 84E. ,O

n

13

Outcomes

Severe glancing impact onloslruc
S eed assumed to be 4 knots

6.64E-10

a

on

b

b

b

C

11

e

No. of
fatalmes

Pipeline ruptures INGorWO)
Fatallines train at Dallir. a collisi

14

9.48E. 10

4.83E. 09

Check sumjj;^^^"'
cool

a Natural gasJOilpipeline
b Headonco!lison> aknois

c Nudging collision>Binots
d Glancing collision>aknois
e Severeglancing impactonlosl, ucture. Lop
I Straight!h, ough

Fatalines I'Dm head on conision o
S ed assumed 10 be>=8 knots

16

16

Rate
from

pooland
jet lire

ex OSure

Fatalmes from head on collision o

S Bed assumed to be>=8kno!s

,

3.51E. 07

PLL

Faultles nom head on collision o
S eedassumed to be>=Bkno!s

7.01E. 07

16

,

Faultles ,, Qin nudging fenderson
S eed assumed to be>=8 knots

5.55E-08

Fatalmes horn glancing fenders o
S Bed assumed to be>=8 knots

'1

Immediate

No. o1
braines

1.28E. 03

17

0.25

Severeglanci"g impact onto SIIuc
S Bed assumed to be4 knots

a

an

b

b

b

C

d

e

aCO

ICO

People exposed on boat

Boat passes under bridge

'*
,

18

Boat

Collision
Glancing
FatalIty

Rate

I

PLL

19

,6 toeE. o8

No. o1

Ialalilies

20

400

18

Boat

Collision
Head On

Fatality
Rate

0.25

PLL

to

100 6.64E08

No. o1
Ialaliiies

20

0.33

0.33

O 33

400

132

132

132

132 550E. 07

21

PLL

Total No

o1
Iaialilles

I\

033

22

\-

23

Total
PLL

248

132

132

132 550E-07

O 33

033

0.33

033

F1e

132 375E. 08

132 876E. DB

132 1.25E. 07

132

4 17E-09

2.8 115E. 07

132 876E. 08

132 1.25E-07

132

2 84E. ,O

a6451o

9.48E. ,O

,\
^,.

TotalPLL 877E. 07



I. , " I * I. a. .

Eventt, ,e for passag. through Fromantie Brldge
Vessel 4BoatName:

Code V40020
Wld. nlng @1navlgatlon spansDesign Option 2

Downstream of bridge, travelling from the harbour

Events

I I-! ,...... ., ~ .... ,.. ...

Prequenc

2

Sinkes
Nav

S an

3

sinkes

Nori
Nav

s an

Strikes at

speed
greater
than 4
knots

4 5

.~

(,., I

6

Strikes
brad e

i: .:.

Causes

Siructu
ral

failu, e

780

7

0.00

GaslO

11Pipeli
he

Iupiur
e

.-".. .......

.., ."

y

B

000,282

I. O

y

y
00018
headon I

9

19nilio
n

F1equenc

F'11" ' ';' .'!

I

y

0.33

0.05

nudge
067

0.3

y
0.7
n

minorglance

n

n

Outcome

n

10

P. ~
. .

Pipeline ruptures ING orWO)
Fatslities nom et @1nre&collisi

1.00

..", .~..~..... ..,

00009

y

Fatalmes nom head on collision o
S eed assum, d to be>=a knots

4.17E-09

n

People exposed on bridge

Conse uences Brld a Conse uences Boat

0.95

y

00018
head on

Fatalilles 1.0m head on collision o
S eed assumed to be >=a knots

,I

7.70E. 07

0999t

FatalInes Item head on collision o
S cad assumed to be>=8 knots

y

,. 54E. 08

Rate
horn

pooland
jet file

ex sure

y

0.33

0.05

n

Fanllies nom nudging fenders on
S eedassumed to be>=8knols

nudge
0.67

0.3

y
0.7
n

1.22E. 07

minorglance

~.,.

n

Fatslities from glancing lenders o
S eed assumed to be >=a knots

n

13

5.69E. ,O

n

Outcomes

Severe glancing impactonto SIIuc
S eed assumed to be 4 knots

I'\

..., "~,..

1.33E-09

\,,

a

on

b

b

b

C

d

e

No. o1

fatalilles

Pipeline ruptures ING orWOj
Falalities nom 'et Doline & collisi

14

I

5.49E. 09

ChecksumD;^
cool

a NaluralgasJOilpipeline
b Headoneollison>8knols

c Nudging collision> Bknols
d Glancing collision>8knots
a Severeglancingimpactontosiiuciure. Lop
I Straightthrough

Fatalmes from headon collision o
S .ed assumed to be >=8 knots

16

,6

-,
...

Rate
from

pooland
jet lire

ex DSUre

Fatalines from head on collision o
S Bed assumed to be>38 knots

3.51E. 07

PLL

:. .

Fatalines from head on collision o
S eed assumed to be>=a knots

7.01E. 07

-. .
" .. ..

16

Fatal111.3 nom nudging fenders on
S ed assumed lobe>=8knots

5.55E. 08

Fatalines from glancing fenders o
S Bed assumed lobe>=8knots

Immediate

No. of

Iaialili. s

1,28503

17

Severe glancing impartonlo SIIuc
S aed assumed to be 4 knots

0.5

a

on

b

b

b

C

d

e

400

200

People exposed on boat

Boat passes u, derbridge

18

Boat
Collision

Glancing
Fatal11y

Rate

, "~.

I

.

PLL

19

16 2.12E. 08

No. o1
Iaialilies

20

..~.
.

400

18

Boat
Collision
Head On

Fatal11y
Rale

" ~~

0.5

PLL

19

200 2.65E-07

No. o1

fatallites

.

20

,.".

0.33

0.33

0.33

0.33

.

400

132

132

132

132 550E. 07

21

PLL

Total No

of
labli!1.3

22 23

Ton

PLL

348

132

132

132 550E. 07

0.33

O 33

0.33

0.33

Fre

132 751E. 08

132 1.75E. o7

132

132

4.17E-09

348 3.62E. 07

132 1.75E. 07

132

132

5.69E. 10

*. 33E. 09

TotalPLL To9E-06
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Eventtr. etcr passage through Fremantl. Bridge
Vessel 5BoatName:

VsDOIUPCode

Addltlon of doIPhlns and fender strength, nlngDesign Option I
upstream of bridge, travelling Into the harbour

Events

I. .. $1. . ~: ,, L ':""""'""' I. .. I'""""", -"""~"' I S""""" '! I',"~ "" ""?"'"~"':I . I"' ""'" . f~"""""! ' """"' 'I ":"""""'? :""" "'! ~""""'"'

FIGquenc

2

Strikes
Nav

S an

3

Strikes

Nori
Nav
s an

alikes at

speed
greater
than 4
knots

4 5 6

Strikes
brid a

Causes
SIIuctu

Ial
failure

780

7

O 02

y

Gasro

11Pipeli
ne

ruplur
e

a

000,282

y
00018
h. adon I

1.0

y

9

19nilio
n

Frequenc

05

y

0.5
n

033

null",
0.67

0.05

0.3

y
0.7
n

minor glance

n

n

Outcome

10

Pipeline ruptures (NG orWq
Fatalilleslrom'at Inre&6011/5i

0.98

00026

y

Fatalilles Irum head on collision o
S eed assumed 10 be >=B knots

4.60E-08

People exposed on bridge

Cerise uences BoatConse uences Brld e

n

0.95

y

y
000.8

headon I

Fatal111es from head on collision o
S eedassumedtobo>=Bknols

11

a litr 00

I 70E-05

09974

Fatal11ies from head on collision o
S Bed assumed 10 be >=B knots

0.5

y

0.5
n

Rate

from

pooland
101 lire

ex DSUre

033

0.05

n

r"1,111i, . 1101/1 MMUiii" 1011/1. I. o11
Suen!I a. .11/1/'11 !!, I, " >. us kn, ,I.
F. futile. Iranigland, ,g fond. ,. o
S eerl assumed 10 be >=8 knols

nudge
0.67

03

y
0.7
n

1.35E-06

minor glance

n

13

n

Outcomes

Severe glancing impactonto siruc
S eed assumed to be 4 knots

a

on

b

b

b

C

d

e

No. o1
tobiilies

14

Pipeline Iuplur. SINGorWOj
Fatallies nom '. I o011ire a coinsi

4.60E. 08

Checksuml^^^;^^l
cool

a Nak, Iaigas, Oilpipeline
b Headonco!!ISOn>Binots

c Nudging collision>8knors
d Glancing collision>8knols
e Severeglanelng Impactentostruclu, e. Lop
I Straightthrough

Fa
S

5.58E. 09

16

talkies I'Dm head on collision o
eed assumed to be>=a knots

Rate

from

pooland
jet lire

ex sure

Fatalties from head on collision a
S eed assumed 10 be>=a knots

1.03E-06

,6

PLL

Fatalmesfrom head on collision o
S ed assumed fob. >=8 knots

2.06E. 06

16

Fatalmes from nudging lenders on
S eed assumed to be a=a knots

1.63E. 07

Fatalilles from glancing fenderso
S eed assumed lobe>=8knots

Immediate

No. of
labli:ies

1.25E. 03

it

0.25

Severe glancing impactontost, uc
S cod assumed to be 4 knots

a

on

b

b

b

C

d

e

284

People exposed on boal

Boat passes under bridge

18

Boat
Collision

Glancing
Fataltv

Rate

I

71

PLL

~..,,....., ~~
I

19

16

No. of

Iaialities

20

284

18

Boat
Collision

Head On
Falaliiy
Rate

0.25

"

PLL

~...~,..., ,,.......
.

,

19

71

N0 o1
blames

20

0.33

284

O 33

94

0.33

O 33

PLL

TotalNo

o1
Iaialities

I~'

94

94

94 431E. 06

\,

Total

PLL

180.72

9372

0.33

0.33

0.33

9372

9372 4.31E. 06

Fire

g,

94

033

94

4 60E. 08

94 523E. 07

180.72

93 72

93.72

93.72 523E. 07

I\

5.58E-09

.~ ,.

Total PLL 4.84E. 06
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Eventtree for passage through Fremanlle Bridge
Vessel 5BoatName :

code VsOO, D

Addition oldolphlns andfender SIrenglhenlngDeslgn DPIlon ,
Downstream orbrldg. .travelling from th. harbour

Events

* ,

,.
..

*-

I

I'. I. :.';'."~ r I

Froquenc

2

Strikes

Nav

S an

3

Sulkes

Nori
Nav

s an

, .-., . .
" .,. ., ..,

Strikes at

speed
greater
than 4

knots

4 5

I\

6

SI"kes

biid e

Causes
SIIuciu

Iai
jailure

.;'~~': :. :."

780

7

0.00

GaslO

lipipeli
ne

IUpiU1
e

y

a

000,282

y
00018
headon I

ID

y

9

19nitio
n

.,.." . by

. ' I

Requenc

y

0.33

005

nudge
0.67

0.3
y

0.7

n

minorglance

n

n

~ -~......... -

Outcome

n

10

Pipeline ruptures ING orWOj
Falalities from 'e1 o0/1ire & coins

1.00

00026

y

Falalities from head on collision o
S eed assumed to be>=8 knots

n

8.77E. 09

0.95

y

People exposed on bridge

Conse uences BoatConse "ences Bnd e

y
0,0018
headon I

Falalities from head on collision o
S Bed assumed to be>=aknots

I,

I 62E. 06

09974

F
S

3.24E. 06

, " -..-.-

I , ,

tomes from head on collision o
GBdassum. dtob, >=a knots

y

Rate
from

pooland
jet fire

ex OSure

0.33

0.05

n

FatalInes from nudging lenderson
S eed assumed to be ,=a knots

nudge
0.87

0.3

y
07

11

2.56E-o7

minorglance

n

Fatalmes I'Dmglancing fenders o
S eed assumed to be>=8 knots

n

,3

n

Outcomes

Severe glancing impactonto siruc
S eed assumed to be4 knots

I

a

on

b

b

b

C

d

e

, ~...

No. o1
Ianilies

Pipeline ruptures (NG orWOj
Fatalillesl, Din 'o1 111re&colllsi

14

877E-09

checksumj:^I
cool

a Natural gaslOilpipeline
b Headoncolllson> aknots
c Nudging collision> Bknols
d Glancing collision>Bkriots
e Severe glancing impactont@structure. Lop
f Straightlhrough

Fahlilies from head on collision o
S eed assumed lobe>=8knois

5.68E-09

16

16

..., ~.

Rate
from

pool and
let lire

ex sure

Fatalin as from head on collision o
S eed assumed to be >=8 knots

1.05E. 06

I ,. ".

PLL

F
S

2.10E. DB

Ialilies from head on collision o
eed assumed to be >=a knots

16

Fataljibs from nudging lendei5 on
S eedassumed to be>=8knots

1.66E-07

Fatalinco from glancing fenders o
S eed assumed to be >=8 knots

jinmedlate

1.27E-03

No of
fatalilles

.

17

.,~...

Severe glancing impad onto SIIuc
S god assumed to be 4 knots

0.5

a

on

b

b

b

C

d

e

284

t42

Boat passes under bridge

People exposed on boat

18

Boat
Collision

Glancing
Fataliiy
Rats

" ,"",.-.- , .~
.I

PLL

19

16

No. of

fatalInes

20

284

18

Boat
Collision

Head On

Falaliiy
Rate

0.5

,

PLL

"~, -

19

142

,~

,

NG o1

fahlities

20

033

0.33

0.33

0.33

284

94

94

94

94 822E. 07

21

PLL

TotalNo

o1

fatalilles

22 23

Total
PLL

251.72

93 72

93 72

9372 8.22E. o7

033

033

0.33

0.33

F1e

94

94

94

94 532E. 07

B 77E-09

251 72

93 72

93.72

93.72 5.32E-07 5.68E-09

TotalPLL 1.35E. 06
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Eventlreeforpassage through F1emantle Bridge
Vessel 5BoatNam. :

Cod. Vs002UP

Widenlng o111avlgatlen spansD. sign Optl@n 2
Upstream of bridge. tmvalling Into the harbour

Events

,.
. ~..

*.
I. ,:"" '

,..,

FIGquone

2

Strikes
Nav

S an

3

~--.. ..-.

Strikes
Non
Nav
s an

Sink. s at

speed
greater
Ihan 4
knols

4 5 6

SI, Ikes
brid a

Causes
Sinew

rel
failure

780

7

GasJO

iiPip, Ii
he

Iuplur

Otm

y

. ...

a

000,282

.. ~~

y
00018
headon I

10

V

e

9

19nilio

I" ~..,

n

Prequenc

0.5
y

05
in

0 3:1

1111/1p,
O 61

0.05

0.3

y
07

n

minorglance

n

n

Outcome

10

.. .

Pipeline ruptu, OS ING orWO)
Faialili. s thorn '61 o011i, e & coinsi

1.00

00009

y

Fatallines nom head on collision o
S Gad assumed to b. >=B knols

,. . .
.

. . .

a 17E-09

n

Peoplee"posed on bridge

Conse u. rices Boatconse u. rices Brld a

0.95

y

y
0001a

headon I

I

Fa!anties horn head on collision o
S e. d assumed to be >=8 knols

11

7 7n1~ 07

I a4E. 06

09991

Falalilies horn head on collision o
S CGd BEEum, d to be >=a knols

0.5

y

0.5
in

Rate
from

pooland
jet lire

ex OSulB

0.33

0.05

n

F, 1,111b. '10/11 11/11/'11, g 1.11.1.1. on
$111"", I ...!1/1/'11!SL!!E. ,.!I kill, In
I'd 1,1111eb 1101/1 "IdlelliU 1.11d. I. O
S Bed assumed lobe>=8knols

nudge
0.67

03

y
o. 7
n

1.22E. 07

minorglance

n

,3

n

Oulcomes

Severe glancing impact onto SIIuc
S eed assumed to be 4 knots

a

on

b

b

b

C

,I

e

No. o1
fatalines

J

14

Pipeline rup!u, es ING orWO)
Fatallines I'Dm 'et Dalli, e & collisi

I

4.17E-09

Checksuml^^^^;^^l
cool

a Natural gaslOilpipeline
b Headoneollison>8knols

c Nudging callisiq, >aknois
d Glancing collision>aknots
e Severeg!anGingimpactontoslructure. Lop
I Straightthrough

Fatalmes from head on collision o
S Bed assumed ID be >=a knots

1.90E. 09

16

16

Rate
from

pooland
jet lire

ex u, ,

Fa!alities horn head on collision o
S Bed assumed ID be>=a knots

3.51E. 07

. . "

.

PLL

Fatalmes horn head on collision o

S eed assumed to be >=a knots

7.01E. 07

16

Fataljibs nom nudging lenders on
S eed assumed to be >=a knots

5.55E. 08

Fatalilles I'Dm ginnclng fenders o
S eed assumed to be>=a knots

Immediate

h0. o1
labli, OS

. - ,

1.28E. 03

,

17

025

Severeglancing Impact onto SIIuc
S Bed assumed 10 b. a knots

a

on

b

b

b

C

d

e

284

71

People exposed on boat

Boat passes under bitdge

18

Boat
Collision

Glancing
Fatal ity
Rate

, .-

PLL

19

16

No. of

hlali!I'S

20

284

18

Boat
Collision
Head On

Fatal11y
Rale

0.25

J

PLL

19

71

No. of
Iaialiiies

20

0.33

O 33

0.33

033

284

94

94

94

94 390E. 07

21

PLL

TotalNo
o1

hlalilies

I~\

22

^,

23

Total
PLL

180.72

93 72

93.72

9372 390E. 07

0.33

0.33

0.33

0.33

F1.

84

94

94

94

;

4 WE'D9

180 72

93.72

93.72

93.72 1.78E. 07I 78E-07

^\

I DOE-09

^

TotalPLL 5.68E. 07
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Eventtree for passage through Freman, to Bridge
Vessel 5BoatNam.

Code Vs0020

Widening of navigation spansDesign Option 2
Downstream orbrldge. travelling from the harbour

Events

~ . i
" by

F1equenc

2

Strikes
Nav

S an

L

a

SIrikes

iron

Nav
s an

Strikes at

speed
greater
than 4
knots

4 5

~'.'. I, .
t

6

I'\

Strikes
brid e

Causes
Struelu

Ial
failure

^,

780

7

0.00

Gas!O

11Pipeli
rig

Iuplur
e

y

. .

a

000,282

.." ..." . ,
, .

1.0

y

y
000.8
headon I

9

19niiio
n

F1equenc

y

0.33

0.05

nudge
0.67

0.3

y
07
n

minor glance

n

n

Outcome

n

10

I"' ""',

Pipeline ruptures ING orWO}
Fadingsilom at o111re a canis

too

00009

y

Fatalmes from head on Gol"siCn o
S aed assumed lobe>=a knois

n

4.17E-09

0.95

y

People exposed on bridge

Conse uencesBrld e Conse Uer, CES Boat

y
0,0018
headon I

Fatalmes IRQm head on collision o
S Gad assumed lobe>=a knots

I,

7.70E-07

09991

Fataliticonom head on cdUsion o
S eed assumed to be >=a knots

0.3

y
y 07

n

1.54E-DB

Rate

from

pool and
jet fire

ex DSUre

0.33

005

n

Fatalfurs nom nudging lenders on
S eed assumed to be a=8 knots

nudge
0.67

1.22E-07

minor glance

n

Fatalines Irom glancing fenders o
S ed assumed to be>=Skaols

n

13

..... ."

n

Outcomes

Severe glancing impactonto SIIuc
S ed assumed to be 4 knots

,)\)

a

on

b

b

b

C

d

e

No. of
fawnies

,4

Pipeline ,uplures (NG orWO)
Fadingsilom 'at o11ire& collisi

I

4,7509

Checksuml:^^;^
cool

a Natural gaslOilpipdine
b Headoncollison>8knols
c Nudging collision>8knois
d Glancing collision>Binots
e Severeglan. Ingimpac!onto siruclure. Lop
I Straightthrough

Famines from head on collision a
S CGd assumed to be >=a knots

1.90E-09

us

16

~I

Rate
from

pooland
jet fire

ex sure

Fatalilles from head on collision o
S CGd assumed to be >=8 knots

3.5, E. 07

PLL

Fatalmes Ifom head on collisiono

S eed assumed to be >=8 knots

7.01E. 07

15

Fatalites horn nudging tenders on
S eed assumed to be>=8 knds

5.55E. 08

F
S

Immediate

,

1.28EC3

N0 o1
fatalines

hilties from glancing lenders o
e. d assumed to be >=a knots

17

Severeglancing impactonto SIIue
S eed assumed to be 4 knots

0.5

a

on

b

b

b

C

d

e

284

1.2

Boat pass. s under bridge

People exposed on boat

18

Boat
Collision

Glancing
Fatality
RatePLL

19

16

No. o1

Ialalities

20

,..~- ."

284

18

Boat
Collision
Head On

Fatal11y
Rale

0.5

PLL

19

,

I, 2

N0 o1
tablings

20

033

033

033

0.33

284

94

94

21

PLL

Telal No

o1

blames

22

94

251.72

93.72

93.72

9372 3.90E. 07

23

94 390E. 07

Total

PLL

033

033

O 33

O 33

Fre

94

94

94

94 178E-07

4 ,7E. 09

251 72

9372

93.72

9372 ,. 78E. 07 1.90E-09

TotalPLL 5.68E. 07
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Eventtre. for passagethrough Freman". Bridge
Boat Nam. : Vessel6
code VsDO, Up

Addlll@n of doIPhlns and lender strengtheningDesign Option I
Upstream orbrldge, travelling Into the harbour

Events

.... Y::: ' . a~'""'"! * 1:1:11, ,:, ,

F, equenc

2

Strikes
Nav

S an

3

Strikes
Nori
Nav

s an

" ..*

alikes at

speed
greater
than 4
knots

4 5

"..~."
, ,.

6

Strikes
b, Id e

......",~... "......"..,, ,,..........,
.",

Causes
Situciu

ral
foilure

1352

7

002

GasJO

ilPipeli
he

IUptU1
e

y

8

0,00074

y
0001e
headon ,

to

y

g

19nilio
n

F1equenc

0.5

y

0.5

n

O 33

nudge
0.67

0.05

03

y
07

n

.

minor glance

n

n

Outcome

10

L
F. '.".*.. t. ,I '

Pipeline ruptures ING orWO)
FatalinBS nom 'at onin, a & collisi

0.98

00026

y

Palatines from head on collision o
S ed assumed to be >=B k, toIs

n

2 66E. 08

0.95

y

Peopleexposed on bridge

Cons. uences BoatConse uences Brid e

y
0001B
headon I

..

Palatines 1.0m head on collision o

S Bedassumedto be>=aknots

,,

a DIE 00

082E. 06

,......~.", -

09974

Fatalilles from head on collision o
S god assumed to be >=8 knols

0.5

y

0.5

n

Rate
from

pooland
1,111r,

ex DSUre

033

0.05

n

F. 1,1111, . 1101, I 11utlglii, I"rid. I. 011
SE99g. .,. 11,110,110 bo >"a knol.
Fatalmas Iron glancing lenders o
S eed assumed to be >=a knols

nudge
0.67

0.3

y
0.7
n

7.77E-07

minorg!an EQ

in

n

,'" """'"'!

13

Outcomes

Severeglancing impact onloslruc
S eed assumed to be 4 knots

a

on

b

b

b

e

d

e

No. o1
fatalities

14

Pipelin. ruptures(NG orWO)
Fatalilles from o1 o0/11, e & coinsl

- .,.~~,,
,

2.66E-08

Checksumj^I
cool

a Natural gaslOilpipeline
b Headoncollison>8knots
c Nudging collision>aknots
d Glancing collision>aknots
e Severeglancingimpactcntoslrueture. Lop
I Straightthrough

Falalities nom head on collision o
S GEd assumed 10 be >=a knois

322E-09

16

Rate
nom

pooland
jet file

ex OSUle

Fatalines nom head on collisiono
S eed assumud to be>. 8 knots

5.95E-07

16

PLL

,

Fatallies from head on colllslon o
S eed assumed lobe>=aknots

1.19E-06

,

15

Fatalinesfiom nudging lenderson
S e. d assumed to be >=8 knots

9.41E-08

Fatalfurs from glancing lenders o
S Bed assumed to be >=a knots

jinmediale

7.22E. 04

No. o1
Ianl*Ies

.

17

025

Severe glancing impact onto SIIuc
S Bed assumed to be4 knots

a

on

b

b

b

C

d

e

199

49.75

People exposed on boat

Boat passes under bridge

18

Boat
Collision

Glancing
FatalIty

RatePLL

,

19

16

No. o1
Iaialities

20

~..~............" -~"...,..-,.., ...., J. ......-

199

18

Boat
Collision
Head On

Farelily
Rate

O 25

PLL

19

49.75

No of
Iaialiiies

20

033

199

O 33

21

68

0.33

PLL

TotalNo
o1

Iaialilies

I~

66

033

22

.. -

66

66 174E-06

23

Total
PLL

13.42

6567

0.33

0.33

0.33

O 33

65 67

6567 1.74E-06

F1e

66

66

66

66 211E. 07

2 66E. 08

13.42

85.67

65 67

6567 211E-o7

I~\

3,22509

\/
,

TotalPLL ,. gee-06
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Eventtre. farpassag. through Fremantle B, Idge
BoatNam. Vessel6

Code YepOID

Addltl@" oldolphlns and fenderslrengthenlngDesign Option I
Downstream orbrldg. ., revelling from the harbour

Events

..'*
L . ^,"""'

.\ I- Z":

Prequene

2

Stiltss
Nav

S an

3

I. !;:"" "'

Strikes
Non
Nav
s an

alikes at

speed
91ealer
Ihan 4

knots

4

: ^F

5 6

.

Strikes

biid e

. ;

Causes

SIIuctu
,al

failure

1352

7

GasiO

ilPipeli
re

,upfur
e

0.00

y

8

000074

I. C"

to

y

y
00018
headon I

9

19ni!io
n

I I

Frequenc

y

0.33

0.05

. .,,..."... t:I L

nudge
0.67

0.3

y
0.7
n

minorglance

n

n

Outsome

n

10

Pipeline Iup!ores (NG orWO)
Fatalin us from 'et o011/1e & collis

too

00026

y

Fatalmesfrom head on collision o
S eed assumed 10 be>=a knots

n

5.06E. 09

People exposed on bridge

Conse uencesBrid e Conse "en=es Boat

0.95
y

y
0001B

headon I

Fatalin co Irom head on collision o
S eed assumed 10 be >=a knots

11

9 35E. 07

09974

Fatalings irum head on collision o
S eed assumed 10 be >=a knots

1.87E. 06

Rate
from

pooland
1811/10

ex DSUre

y

0.33

0.05

n

Fatalities from nudging fenders on
S eed assumed to be >=8 knots

nudge
0.67

0.3

y
0.7
n

I 48E. 07

minorglanee

n

FatalinBS from glancing lenders o
S eed assumed to be >=a knots

n

13

n

Outcomes

Severe glancing impactonto siruc
S eed assumed to be 4 knots

,,..\

~~

a

on

b

b

b

C

d

e

No. of

fatalinas

,4

Pipeliiie ruptures 01G orWO)
Fatalties I'Dm 'o1 o011/10 & coinsj

5.06E. 09

ChecksumjZ^"'
cool

a Natu, algaslOilplpelin,
b Headoncclllson>aknots
c Nudging collision>Oknots
d Glancing collision>aknots
e Severe glancing impactonio siructu, e. Lop
I Straightlhrough

FatalMCS Irom head on collision o
S eed assumed to be>=a knots

328E. 09

16

Rate
from

pooland
jetfire

ex OSure

Fahlilies from head on collision o
S eed assumed to be >=a knots

6.05E-07

" ,^~,......." ~.,...

16

PLL

Falalilies from head on collision o
S eed assumed to be >=a knots

I 21E-OS

16

Fatalines Iron nudging lenderson
S edassumedtob. >=8knols

9 58E. 08

Fatalilles horn glancing lenders o
S ECd assumed to be >=a knots

Immediate

No. of
fatalRias

7.35E-04

17

Severe glancing impact on10siiuc
S eed assumed to be4 knots

05

a

on

b

b

b

C

d

e

199

995

Boatpasses under bridge

People ekposed on boat

18

Boat
Collision

Gla, reing
Palality

Rate

I .,.~~

PLL

19

16

No. o1
Ialalities

20

..,,...... ....." ,.~".........~

199

18

Boat
Collision

Head On

Falal, tv
Rate

05

PLL

19

995

N0 o1
fataljugs

20

0.33

0.33

199

21

0.33

0.33

66

PLL

TotalNo

of
total11/05

66

22

66

66 332E. 07

tel 17

65.67

65 87

65.87 3.32E. 07

23

Total
PLL

O 33

Fre

0.33

0.33

66

O 33

66

66

66 215E. 07

5.06E. 09

181 17

6567

6567

6567 215E-o7 3.28E. 09

TublPLL 5.47E. 07
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Eventtr. .for passage through FremanUe Bridge
BoatNam. : Vessels

Cod. Vs002UP

Widenlng of navlga"on spans0,519n Option 2
Upstream of bridge. travelllng Into the harbour

Events

; . I
*...

I

I- ;

Froqu. nc

2

Strikes
Nav

S an

.

a

. ...... .

Strikes
Nori
Nav
s an

Strikes at

EPG. d
greater
Ihan 4

knots

4

I .
" .

5 6

Strikes
bTid G

Causes
Sillrelu

ral
foil", e

i $1

1352

7

GaslO

11Pipeli
"a

ruptur

O 00

y

a

00.074

,.

y
0,0018
headon I

10

y

e

9

19nilio

*

n

Requeiic

0.5

y

0.5
n

033

nudge
067

0.05

0.3

y
07

n

minorglance

n

n

.

" ,

Outcome

to

Pipeline ruptures ING DEWO)
Fatal111es from at o01fi, a & collis

1.00

00009

y

FatalIn65 nom head on collision o
S eed assumed to be, =8knots

n

I

2 40E. 09

, 441' 07

0.95

y

People exposed on bridge

Conse uencesBrld e Cerise u. "ces Boat

y
00018
headon I

^^^

,.. . "

Fatalities Iron head on collision o
S eed assumed tabe>=a knots

It

0999t

Falali!ias I'Dm head on collision o
Speed^35um. d to be>=ak"o15
I .!"11/16. nor, , 11udghijj 10/11/01. o11

8 88E. 07

05

y

0.5

n

Raio

I'Dm
pooland
jet lire

ex OSure

0.33

n

0.05

nudge
0.67

0.3

y
0.7
n

703E. 08

minor glance

Seepd us suru, .d 10 fob >. a kiloi.

n

Fatalities morn 91anclng fenders o
S eed assumed lobe>=8knots

n

13

Outcomes

Severe glancing impactonto SIIuc
S eed assumed to be4 knots

a

On

b

b

b

,:

d

e

No. of

1.1alities

Pipeline ruptures ING orWOj
Fatalmas from at coinre & collisi

,4

2.40E. 09

Checksumt^;^^^!^
cool

a Natural gaslOilpipeline
b Headoncollison>a knots
c Nudging collision>8knols
d Glancing collision>8knots
e Severeglancingimpactontostruelure. Lop
I Straightlhrough

Fatalties from head on collision o
S eed assumed to be >=a knots

1.09E. 09

16

16

Rate
from

pooland
jet lire

ex DSUre

Fatalrugs nom head on collision o
S .ed assumed to be >=8 knots

202E. 07

,

PLL

Fatalingsfrom head on collision o
S eed assumed to be>=a knots

4.04E. 07

16

.

Fatalmes Iron nudging fenders on
S eed assumed to be >=a knots

3 20E. 08

Fatalmesfrom glandng fenders o
S eed assumed ID be>=aknots

Immediate

7.38E. 04

No. o1
lablilies

17

Severe glancing impact onto sirue
S eed assurr"d to be 4 knots

0.25

a

on

b

b

b

e

d

e

199

49.75

Boat passes under bridge

People exposed on boat

18

Boat

Collision
Glancing
Fatality

RalePLL

19

16

N0 o1

jaunties

20

199

18

Boat
Collision

Head On
Fatal11y

Rate

0.25

I~

PLL

49.75

19

N0 o1

fatalines

20

0.33

0.33

0.33

033

199

66

66

66

66

21

PLL

I~

..

TobiNo

o1

1.1aMies

22 23

ToIal

PLL

131.42

65 67

6567

6567 , 58E. 07I 58E. 07

O 33

0.33

033

0.33

F, e

66

68

66

66 718E-08

2 40E. 09

131 42

65.87

65.67

65 67 7 18E. 08

,-\

\-,.

1.09E-09

TDIalPLL 2 30E-07

,
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Ev. riftre, for passag. through Fremantle Brldge
Vessel6BoatName :

V60020Cod.

Widenlng of navlgatlon spansDesign Option 2
Downstream of bridge. travelling from the harbour

Events

Froquenc

..,. . ,

2

Strikes
Nav

S an

3

,. ...., ",. .., '.*

Strikes
Nori

Nav
s an

Strikes at

speed
greater
than 4
knots

a 5 6

Strikes
b, id e

I'

Causes
SIIuclu

ral
failure

1352

7

GadO

11Pipeli
ne

IuplU,
e

000

y

a

0,00074

,.
,

y
0,001B
headon I

1.0

y

9

19nilio
n

F1equenc

y

0.33

0.05

nudge
o. 67

~"

0.3

y
0.7
n

minorglance

n

n

Outcome

n

10

Pipeline ruptures (NG orWO)
Fadings from '. I o011ire & collis

1.00

00009

y

Fatalilies from head on collision o

S eedassumod 10 be >=a knots

n

2.40E. 09

0.95

y

People exposed on bridge

Conse uences Brld e Conse uences Boat

It ..*. '.

y
00018
headon I

Fatalilles from head on collision o
S CGdassumed to be >=8 knots

11

4.44E. 07

0999,

Fatalmes from head on collision o
S eed assumed to be >=8 knots

8.88E-07

Rate
from

pooland
jet lire

ex DSU, e

I

y

0.33

0.05

n

Fatal111es nom nudglng fenders on
S eed assumed to be >=8 knots

nudge
0.67

,

0.3

y
0.7

n

7.03E. 08

minor glance

n

Fatalmes from glancing lenderso
S Bed assumed to be >=8 knots

n

13

n

Oulcomes

Severe glancing impactonto siruc
S eedassumed lobe 4 knots

a

on

b

b

b

C

d

e

.

-. .

.,

No. of
totallines

14

Pipeline ruptures (NG or WO}
Faulties from '. I o01fir. a collisi

2.40E-09
ChecksumlZ^

cool

a Natural gaslOilpipeline
b Headoneollison>8 knots
c Nudging collision>8knots
d Glancing collision>aknots
e Severeglancingimpactonlost, neture. Lop
I Straightlhrough

Fatalinas nom head on collision o
S eed assumed 10 be>=a knots

1.09E. 09

16

18

Rate
from

pooland
jet lite

ex OSure

Fatalmes nom head on collision o
S eed assumed to be >=8 knots

2.02E. 07

.-,
, .

PLL

Palatinesfrom head on 6011/5/@n o
S eed assumed to be >=8 knots

4,04507

16

Fataljibs ,rain nudging lenders on
S Bed assumed to be >=a knots

3,20508

Fatalings from grincing fenders o
S GBd assumed to be >=a knots

Immediate

No. of
tabiit'es

7.38E. 04

17

Severe glancing impact onto siruc
S eed assumed to be 4 knots

0.5

a

on

b

b

b

C

d

e

199

99.5

People exposed on boat

Boat passes under bridge

18

Boat
Collision

Glareing
Fatality

Rate

. ..-

PLL

19

16

No. of
Iaialities

20

199

,8

Boat
Callision
Head On

Fatality
Rate

0.5

PLL

19

09 5

No. of
fataljines

20

0.33

0.33

0.33

0.33

199

66

66

66

66 1.58E. 07

21

PLL

Total No.
o1

Iaialilies

22 23

To!al
PLL

'81/7

65.67

6567

6567 1.58E. o7

033

0.33

0.33

O 33

FIG

66

66

66

66 718E. 08

2.40E. 09

18.17

65.67

85.67

6567 7. ,8E. 08 I ODE. 09

TotalPLL 2 30E. 07
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Summar}, Results of Event Trees for Sensilivities on Desigi Options I & 2

0.31En OFUu. I

V6001UP V60010V4 0010V40oiUP VsDDIDVsDOIUPV30010V3001UPV200iUP V20010VIPolUP vi Do ID
No. DrNo. orNo. ofNOCtNo. or NODtNo. orNo. or No. of NOCfNonf No. or

F. .lid" Frequency F"."",, Froqu, ,Icy F"."lies Frequency F""i",, Frequency F""".. Frequency F, anti. Prequ. ,Icy Palatine, Preq". Iley F". lid, , Frequency F, .""err Frequency F"anti, , Frequency I. ^""tie, ISEequ"Icy Fadiii, . Frequency
18 I131252181390 218 JIB321 452 277480 680
666694132 132 91149149In 173aru 261
6694 66132 132 94149In 173 14926426,

266E. o8 664,0608 9, 87?Brio 66149 175E. 08 132 4.60E-08 132 8. "E. 09 94173 I'SE. 08 149 9.21E4B261 8.12E. DB 261 1.55E-08 173 921E-0.

480 1.48E. 09 680 3.01E. 09 321 1.67E. 09 452 3.41E. 09 277 1.67E. 09 390 3.41B. 09 2.18 ,. 37E-10 348 1,70509 1.1
132 1.95E. 09 132 3.97E. 09261 3.45E. 09 26, 7.01E. @9 173 3.91E. 09 173 7.95E. 09 1.9 3.91E. 09 149 7.95E. 09 94

149 55,649 94132 2,79809 132173 5.5, E. 09 173 149264 4,2509 26,

149173 149 9417326, 132132a"

ToldPLL for . 2.48E. OS
No. ori" Fre

;; r'

De"g. Op"rin Z

......., . ,,~......."

V30020Vi002UP V2n020V2002UP V-ID020 V6I>02 IT v6002nv4 Do2ui. vs0020V3002UP vs002wV10020
No. of No. or NO ItIN". titNo. ., INo. or No. ,. t No. o1' N". o1No. or No. orNo. o1

F. .""., F, .qu. 11cy I:""L"" Pre. I"cosy F"."lie, Frc. Iu. lity I'd, mr. F, ,qualey 1.1"iU, , Fr. linency F, "Inc. neg, Incy 1.1. "lie. F1. rill. lity I, ""ill. . IF, c, "MICy F1, "ill, . Frailie, Icy I. ^, Ith, I:.., 11. .I"y Its. 11, i. . I. *.. 111.1i, y I. ^. jin. , I', r, I. E. ",
452 181321 277680 232480 181390 13 I2.8 318

66149173 149 132 66173264 132 9,261 94

149149173 6691132261 264 94 66132173

26, 7.35E. 09 z" 7.35E. 09 173 8.33E. 09 173 8.33E. 09 149 8.33E. 09 149 8.33E. @9 132 4.17E. o9 132 4.17E. 09 94 4.17E. 09 6666 2.40E4994 4.17E. 09

No. Qin F, e
9,65806

No. Gifu F1

.

,,...~. ~

480 5.02E. 10 630 1.00E. 09 321 5.69E. 10 .152 1.14E-09 277 3.69B. 10 390 114E. 09 2-18 2.40. 10 348 5.69E. 10 181
26, 1,17509 261 234E. 09 173 133E-09 173 2.65E. 09 149 1.33E. 09 1.19 2.65E. 09 132 6,64510 132 13,609 94

173 1.90E. 09 173264 1.67E. 09 26, 149 1.90E. 09 149 132 9.48E. 10 132 9,

261 149261 173 149173 94132132

18580s
No. uria F, .

ToldPLL fore 3.08E. 06

... ,

No. Din F, e

,

7.22E. 06

No. orr" F1.

No. urn F, .

". ~

1.5uL. o5
Noon" Fr.

3,8080s

~ ,.~...., ,",,

No. off" F, e

6,1606

w:*,, coolpharld, 191 sense, 161.1ds Tree FN

No. "If. he

,.-*............,, ,..~. ~

230E. "
No. ,rr, pre

7.0, E. 06
NG mild F"

2.31E. 06

" ~ ..,.."......,,
.I
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9.
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$58E. 09 94

No. err" rr.

2. "606

No. orb Fre

19,806

.

N, ,. off" PIE

,"-",..,...-.,..,
,

48,806

5.68E. 09

No. nt", F1, ,

131
66
66
66

2.44E46

~~."... .".,."

No. "rid rre

Uralg" CPU"n ,

1.35E. o6

3.22E. 09
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FN
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.......".,.........
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66

66 328E. 09

8,77607
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1.96E. 06
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,.
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3.4 1609

.\/
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34 I'D9

321
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No. Din IF"
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261

1.67E. 09

6.19E. 09
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$47E. 07 1.01E. 01
Sun Ibid PLL

I6,809

9.39E-09
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1,125m

131
66

66

1.90u-o9 66

1.30E. 08

173

6,3550B
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1.55E48
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1.27E. 07

1.72E. 08

6,613n,

No. orb F, *
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1.14E. 09

321
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56,310

DOE. 09
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OF-09
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149
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4.35E. 09
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66

2253ng

37,609

.\/

12/50.

2.57E-08

6.99E-09

I

36,308

101E. 07
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Summary Frequency. Results of Event Trees for Sensitivities of Design Options I & 2
Design Option t

""""""""" L. .,"..,.**\, q . ,,..,,,....,, . .,.......~.... . ,,*"~,~".

Frequencyof IDOtU ID01 2001U 200, 300tU 3001 400, U 4001 5001U 500, 6001U 60010 F "
Fatalitiesfromjet, poolfire&co '
Fatalities from head on collision
Fatalitiesfromheadoncol!ision ..

Fatalitiesfromheadoncollision8.12E-08 1.55E-089.2tE-08 1.75E-089.2tE-081.75E-084.60E-088.77E-094.60E-088.77E-092.66E-085.06E-09 4.6. - " "
Fatalitiesfromnudgingfenders 1.50E-052.86E-061.70E-053.24E-061.70E-053.24E-068.5, E-061.62E-06851E-061.62E-064.91E-069.35E-07 8.5. E-05 .. -
Fatalitiesfromglancingfenders3. DOE-055.72E-063.40E-056.48E-063.40E-056.48E-061.70E-053.24E-061.70E-053.24E-069.82E-061.87E-06 I. . - 11-
Severeglancingimpactontost 2.38E-064.52E-072.69E-065.13E-072.69E-065.3E-071.35E-062.56E-071.35E-062.56E-07777E-071.4BE-07 1.3. E-05 11-
Fatalitiesfromjet, poolfire&o01.48E-093.0, E-091.67E-093.4, E-091.67E. 093.41E-098.37E-101.70E-09 1.7. - 11-
Fatalitiesfromheadoncollision3.45E-097.0, E-093.9iE-097.95E-093.91E-097.95E~091.95E-093.97E-09 ..- '
Fatalinesfromheadoncollision4.92E-09 5.58E-09 5.58E-09 2.79E. 09
Fatalinesfromheadoncollision 5.58E-09 11-
Fatalities from nudging fenders 1.82E-06 1.85E-06 2.06E-06 2.10E-06 206E-06 2. toE-06 1.03E-06 1.05E-06 1.03E-06 1.05E-06 5.95E-07 6.05E-07 . . -
Fatalmes from glancing fenders 3.64E-06 3.70E-06 4.13E-06 420E-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 . . -
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 1.63E-07 1.66E-07 9.41E-08 9.58E-08 . . -
Boat asses under brid e 2.21E-03 2.25E-03 2.50E-03 255E-03 2.50E-03 2.55E-03 1.25E-03 1.27E-03 1.25E-03 1.27E-03 7.22E~04 7.35 -

,I. ,.., .... .. L, . ..., . , , , ,. , I

Frequencyof ID02U 1002 2002U 2002 3002U 3002 4002U 4002 5002U 5002 6002U 60020 "
Fatalfoesfromjet, poolfire&co requencyooisio
Fatalrugsfromheadoncollision pancoision
Fatalmesfromheadoncollision eaon. 9. E. o8

Fatalitiesfromheadoncollision7.35E-097.35E-098.33E-098.33E-098.33E-098.33E-094.17E-094.17E-094.7E-094.7E-092.0 - ..- " "
Fatalitiesfromnudgingfenders 1.36E-06 1.36E-06 1.54E-06 1.54E-06 1.54E-06 1.54E-06 7.70E-07 7.70E-07770E-07 '70E-07 4.44E-0 . . -
Fatalinesfromglancingfenders2.72E-062.72E-063.08E-063.08E-063.08E-063.08E-061.54E-061.54E-061.54E-06'54E-068.88E-078. .. - 11-
Severeglancingimpactontost2.15E-072.15E-072.44E-072.44E-072.44E-072.44E-07/22E-07/22E-071.22E-071.22E-07703E-08 ..- "
Fataliti, ,fromjet, ,,, hire&,, 5.02E-, 01.00E_095.69E-, 01.14E-095.69E_10/14E-092.84E_105.69E-10 " ' "'
Fatalmesfromheadoncdlisioni. 17E-092.34E-091.33E-092.65E-091.33E-092.65E-096.64E-, 01.33E-09 ... '
Fatalitiesfromheadoncollision, .67E-09 1.90E-09 1.90E-09 9.48E-10 "
Fatalmesfromheadoncollision "

Fatalitiesfromnudgingfenders 6.19E. 076.19E-07 7.01E-0770tE-07 7.01E-07701E-07 3.51E-07 3.51E-07 3.51E-07'. 51E-072. . . -
Fatalitiesfromglancingfenders 1.24E-06 1.24E-06 1.40E-06 1.40E-06 1.40E-06 1.40E-067.01E-07 7.01E-07 7.01E-07 7.01E-07 4.0 . . -
Severeglancing impactontost 9.79E<)8 9.79E-08 1.11E-07 1.11E-07 1.11E-07 1.11E-07 5.55E-08 5.55E-08 5.55E-08 5 55E-08 3.20E- B I I -
Boat asses underbrid e 2.26E. 03226E-032.56E-032.56E-03256E-032.56E-03/28E. 03/28E-03/28E-03/28E-037.38 - .. -

2.26E-032.26E-03256E-032.56E-032.56E-032.56E-03 1.28E-03 1.28E-03 1.28E-03/28E-037.40E-0 .. -

226E-03 2.26E-03 2.56E-03 2.56E-o3 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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