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FOCUS AREA 3
Cloudburst Detention area, corner Ingles St and Rogers St

Cloudburst detention area

Pipe to outlet
Figure 74. Cross section of Focus Area 3
Flood detention and liveability components.
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Figure 75. Reference image for Focus Area 3
Flood detention and liveability at Tanner Springs,
Portland
Source: Ramboll Studio Dreiseitl
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FOCUS AREA 4
Cloudburst Street, Buckhurst St

Multifunctional spaces are key to successful
blue-green infrastructure and cloudburst
masterplanning. Recreation areas can be
lowered to provide detention volume during
extreme rain events.

Figure 76. Isometric view of Focus Area 4
Integration of flood detention in a Cloudburst
Boulevard.
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Cloudburst conveyance through the site.

CYCLEWAY/FOOTPATH

ROAD

ROAD

CYCLEWAY/FOOTPATH

By applying a cut & fill method, detention
areas for stormwater are created while
earthmounds are used to shelter from
traffic resulting in more comfortable
seating areas.
Figure 77. Plan section of Focus Area 4
Flood management in a cloudburst boulevard.

Rainwater overflow from tanks and roads
will be directed towards stormwater
planters that can filter out pollutants from
the water. In bigger rain events the water
will overflow to the linearpark detention
areas.
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FOCUS AREA 4
Cloudburst Street, Buckhurst St

Water drained to existing
stormwater network.

Figure 78. Section view of Focus Area 4
As cloudburst boulevards are only used in events
greater than a 1 in 20 year AEP, multifunction
areas can be used.

Detention areas integrated in parks.
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Figure 77. Plan section of Focus Area 4
Flood management in a cloudburst boulevard.

Figure 79. Reference image for Focus Area 4
Cloudburst boulevard in Copenhagen.
Source: Ramboll
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FOCUS AREA 5

Cloudburst Detention area, water plaza corner Plummer and Bridge St

The presence of water in the area adds
to the site amenity. The lowered areas
become hotspots for social activity,
improve micro-climate and biodiversity.

Figure 80. Isometric view of Focus Area 5
Celebration of water in a water plaza.

The water level in the plaza is kept low
both for safety reasons but also to allow
for large amount of stormwater to be
detained here during extreme rain events.
This element also has the flexibility to be
dry during non rain periods
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Priority given to more sustainable modes
of transport such as public transport and
bikes. Blue-green infrastructure can play
a role in encouraging this by slowing
traffic, providing more desirable routes
and acting as a buffer between traffic and
cyclists.
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Figure 81. Plan view for Focus Area 5
Area can as detention during flooding and as a
cooling element to mitigate the urban heat island
effect at other times.

Detention
Conveyance
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FOCUS AREA 5

Cloudburst Detention area, water plaza corner Plummer and Bridge St

Green infrastructure such as trees, shrubs
and grass are combined with earthmounds
to create pleasant areas sheltered
from wind and noise. These functional
components also provide attractive spaces
with place for contemplation and activity.

Pipe to existing network

This Cloudburst Detention area fills during
storm events with an AEP greater than 1
in 20 years.

Key
Detention
Conveyance

Figure 82. Isometric view of Focus Area 5
Celebration of water in a water plaza.
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Figure 83. Reference image for Focus Area 5
Water plaza at Potsdamer Platz, Berlin
Source: Studio Dreiseitl
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FOCUS AREA 6
Cloudburst Boulevard, Plummer Street

There is an opportunity with wider
streets to create liveable spaces. The
benefits of making space for blue-green
infrastructure are numerous and real
identity and meaningful character is
created when space is allocated for people
instead of cars. This concept may be
included in sections or along the length of
Plummer St.

Figure 84. Isometric view of Focus Area 6
Green street incorporating a canal.
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The Green Street allows access by foot,
bike and public transport.

Strategic placement of bridges and safety
rails will allow safe passage of people
across the canal.

10 m

13 m

13 m

It is recommended that there is a
permanent body of water in the canal to
improve the microclimate of the area. The
canal can still have a detention volume
above the permanent water level.

Plummer St

Key
Detention
Figure 85. Plan view for Focus Area 6
Green street with canal.

Conveyance

N
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FOCUS AREA 6
Cloudburst Boulevard, Plummer Street

Existing pipe network

Figure 82. Cross section of Focus Area 6
Green street with canal, drainage elements
shown.

The canal can hold large volumes of
water during extreme rain events. It also
protects nearby buildings and the tram
line. In addition it creates a desirable
location for businesses that can take
advantage of the location, like cafes or
bars.

Stormwater from the road is filtered
through soil in stormwater planters before
being directed to the canal. This improves
water quality. From the canal, the water is
is discharged to the existing pipe network.
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Figure 83. Reference image for Focus Area 6
Green street and canal in Copenhagen
Source: Studio Dreiseitl
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CONCLUSION & NEXT STEPS

Conclusion
The objectives of this project were:
• To develop creative, combined and
integrated solutions to mitigate
flooding and also drive the future
identify of place.
• To use a systems approach to combine
landscape and public realm solutions
with required water management
infrastructure and urban development.
• Integration of urban/built form
and water management outcomes
to increase resilience and apply
best practice/new thinking which
unlocked opportunities for high quality
development, greening of the urban
environment, a celebration of water
within the public domain, connection
to the waterfront where possible and
exceptional public realm outcomes.
The Fishermans Bend Plan recommends
managing flooding through the installation
of Blue Green Infrastructure across the
Site, providing an effective and integrated
defence against fluvial and pluvial flooding.
Blue Green Infrastructure can be
characterised as reintroducing the natural
water cycle into Fishermans Bend while
creating multi-functional greenspace and
land-use to generate multiple benefits for
the environment, society, and the economy.

The Blue Green Infrastructure proposed
includes:
•
•
•
•
•
•

Cloudburst Detention Area

Cloudburst Boulevard

Cloudburst Boulevards
Cloudburst Detention
Green Streets
Blue Laneways
Rainwater Tanks
A Liveable Levee

The management of flood water in this way
is a conceptual plan to allow floor levels in
buildings to be lowered. This improve the
commercial value of these buildings and
improve the connection between buildings
to the public realm.
In addition, the use of blue laneways,
green streets, cloudburst boulevards and
cloudburst detention areas will allow flood
management to be seamlessly integrated
into the site, improving liveability. This is
shown conceptually in Figure 88.

Figure 88. Liveable city
Stormwater management systems
integrated into a liveable cityscape at
Fishermans Bend.

Rainwater Tank

Blue Laneway

Green Street

Livable Levee
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Next steps

Figure 89 illustrates the iterative process of
moving from initial determination of risks,
to the development of a resiliency plan,
and documenting the adaptation effect. The
outcomes are incorporated into a direct cost
analysis comparing investment and avoided
damage costs over time. If the effect or
cost of the developed plan does not meet
predetermined standards or thresholds,
Step 2 is repeated in order to adjust
designs and plans.
It is often valuable to take the analysis a
step further and evaluate co-benefits as a
result of the masterplan in a Cost-Benefit
Analysis (CBA). A CBA includes the direct
costs in the project area and extends to the
broader social impacts of a masterplan (see
right).
After The Fishermans Bend Plan, part of
Step 1 and Step 2 have been completed.
Therefore, it is recommended that a risk
assessment for the site is undertaken
and then for the succeeding steps to be
implemented.

TOOLS STEPS

This project has developed a concept for
flood management. To develop a fully
realised flood management plan, a 5-step
approach is recommended, this based on
similar studies in Copenhagen and New
York.

Iterative process

1

2

3

4

5

DETERMINE
RISK

PLAN &
DESIGN

MEASURE
EFFECT

EVALUATE
COSTS

POLICY
DEVOLPMENT

FLOOD MODELLING

INTEGRATED
PLANNING & DESIGN

FLOOD MODELLING

AVOIDED DAMAGES
OVER TIME

GOVERNMENT
AGENCIES

RISK ASSESSMENT &
MAPPING

COST-INVESTMENT

RISK ASSESSMENT &
MAPPING

CAPITAL COST AND
OPERATION OVER TIME

PLANNING
DEVELOPMENT

Figure 89. Cloudburst resiliency
planning
Steps to implementation
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APPENDIX 1
FLOODING

Overview

Flooding Impacts

Fishermans Bend is located next to the
Yarra River and has a relatively flat
topography. Due to the combination of
these factors, significant parts of the site
are subject to inundation during tidal event
and rainfall events, particularly in the
Montague precinct which is located in the
eastern part of the site.

Due to climate change and associated sea
level rise, the impacts of this flooding are
predicted to significantly increase. The
extent of flooding at the Fishermans Bend
site during the 1 in 100 year AEP storm
event in conjunction with a 2.4 mAHD
level of water in the Yarra River is shown
in Figure 9. This figure demonstrates the
widespread problem of flooding at the site if
no management is undertaken.

Fluvial Flooding
As previously mentioned, one of the main
drivers of flooding on site is flooding from
the Yarra River which is located north
and east of Fishermans Bend. This type
of flooding, fluvial flooding, is caused by
upstream rainfall and therefore must be
managed by protection of assets from
floodwaters by levees and raising ground
heights rather than upstream changes in
the catchment. The influence of the Yarra
River on the site is shown in Figure 7.
Pluvial Flooding
In contrast to fluvial flooding, pluvial
flooding is caused by rainfall falling
directly on the site and the levels of this
flooding can be managed with catchment
management strategies such as detention
and better conveyance. The influence
of pluvial flooding is shown in Figure 8.
Further, the fluvial flooding across the site
is shown in Figure 10.

Flood Management
Flood management on site will have to
address both the fluvial and pluvial flooding
that occurs on site to reach a satisfactory
outcome. To aid in this process, the flow
lines of flood water have been identified
and shown in Figure 11. These flood lines
simplify the identification of areas that can
act as flood mitigation and management
areas.

90.

Figure 90. Fluvial Flooding
Fluvial flooding is caused at Fishermans
Bend by rises in the Yarra River.
Figure 91. Pluvial Flooding
Pluvial flooding is caused at Fishermans
Bend by rises in the Yarra River.
Figure 92. Combined pluvial and fluvial
flooding. Facing page.
1 in 100 year AEP with 2.4 mAHD tailwater.

91.
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Figure 94. Pluvial Flooding
The effect of pluvial flooding on Fishermans
Bend. Fluvial flooding effects have been
ignored. This is the 1 in 20 year flood event
with 0.52 mAHD tailwater level.
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Figure 94. Site flow lines
The flow lines show how the movement of
water occurs across the Fishermans Bend
site.
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APPENDIX 2
LEVEE EXTERNAL INFLUENCES

Existing situation

Contamination

Hazards

This section will assist in the consideration
of the design of the levee at Fishermans
Bend, to guide further investigations based
on location, future changes and potential
pit falls based on historic examples and
best practice.

Investigations have shown that the soils
in Fishermans Bend may contain heavy
metals and solvents to an unknown degree,
these are also widespread in the area.
This may affect the choice of suitable
solution and/or treatment of soil for
future flooding structures and strategies.
Further investigations around what effects
the contaminants have on the bearing
properties of the soil and/or the mechanism
of transport of contaminants through the
soil or with water, are needed.

To make a robust and conservative risk
evaluation for the exploration of a levee in
Fishermans Bend it is relevant to consider
what hazards are affecting the future
situation. A brief description of the most
common failure mechanisms are shown in
Figure 96. In this section the future hazards
related to climate change and sea level rise
are addressed.

Fishermans Bend is a low-lying, former
industrial site and therefore has some
challenging conditions, especially with
regards to soil. This means that certain
considerations are to be accounted for with
regards to the suggested levee construction
and design.
Geotechnical
According to the Fishermans Bend
Framework (Victoria State Government)
the existing soil quality is highly variable
in Fishermans Bend. Some of the key
challenges include: the strength, quality
and thickness of the fill soil vary within
the area; the near-surface soil is of weak
nature; variable levels of differential
settlement; and potential to trigger
consolidation of the silt if the groundwater
table if lowered. For the stability and
robustness of levees, and potentially
also other storm surge protections, it is
necessary to investigate what kind of soils
form the base for the constructions and
what loads these can bear.

Weather
Current weather conditions have shown
that the low-lying area of Fishermans Bend
have experienced flooding from both fluvial
and pluvial water. In addition, consideration
must be given to the future changes in
weather due to climate change, which may
mean increasing rains, winds and extreme
weather events. To secure storm flood
protection, also in the situation of coupled
events, reliable information on the future
climatic conditions need to be gathered.
The increase in rainfall and sea-level are
usually considered in flood modelling,
but effects of increased wind on failure
mechanisms such as overtopping should be
further investigated.

Sea level rise
Sea level rise globally is driven mainly by
ocean thermal expansion and melting from
glaciers and ice caps. The predicted 2100
flood level is 2.4 mAHD, assuming 0.8
metres sea level rise. This means that some
areas that are above water today will be
inundated in the future. Storm surges may
also increase in frequency, which is relevant
for the protection of Fishermans Bend. Sea
level rise in the Melbourne area is in 2090
projected to between 0.38-0.82 metres,
in a scenario where RCP8.5 occurs (high
emissions scenario) but without accounting
for a potential initiated collapse in the marine
based sectors of the Antarctic ice sheet. If
that were to happen these projections could
be several tenths of a metre higher by late
in the century. Sea level projections may, in
some locations, be affected by compaction of
sediments in deltaic regions and reclaimed
land from the sea for infrastructure
developments, subsidence exacerbated
by ground water extraction, and changes

in sediment supply to the coast as rivers
become more managed.
Extreme wind speeds
A decrease in extreme wind speeds is
projected for southern Australia in the
future. The prediction holds medium
confidence due to the studied coupling
between wind speeds and broad-scale
changes to circulation in these latitudes.
This would suggest that the probability of
over-topping a storm surge barrier due to
high winds and high waves would be lower in
the future. This is however does not account
for the future higher sea water levels. Thus,
further investigations on the coupled effects
should be made.
Mean wind speeds are projected to decrease
in southern Australia mainland in winter
with up to 10% (in a scenario with high
CO2 emissions), with high confidence, and
in south-eastern Australia in autumn and
spring.

lean towards a decrease, with medium
confidence. Although generally rains are
projected to decrease, the intensity of
rainfalls are generally expected to increase
in most of Australia, with high confidence.
This will result in more flash flooding and
quicker overloading of pipe infrastructure.
Port of Melbourne Access
A conceptual plan for access to Port of
Melbourne is shown in Figure 70 and Figure
71. It shows that there may need to be
some modifications to allow the levee
structure to operate, but this will have a
minor impact on the port facilities.
Delivery of levee
It is recommended that the delivery of the
levee is undertaken after a risk analysis
of the site. This will allow correct phasing
of infrastructure that considers protection
of infrastructure, funding and changes in
climate.

Rain intensity
Rain event occurrence and duration are
projected to decrease in southern Australia
due to circulation changes in the southern
hemisphere, influenced by increasing
greenhouse gases and reduction in
stratospheric ozone. The winter and spring
rainfall are projected to decrease with
high confidence, for summer and autumn
projections are more uncertain but also

Figure 95. Proposed levee at New York
The concept shows a levee alignment for
Manhatten. Project currently in planning stage.
Source: BIG
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LEVEE STRUCTURAL PROCESSES

FAILURE MECHANISMS

Soil instability

Slump/Spread

Different underlying causes, or failure
mechanisms, can be affected to a smaller
or greater extent by the hazards mentioned
above, or by local prerequisites such as
geotechnical conditions. Here some of the most
commonly known failure mechanisms will be
presented and briefly described.

Instability can occur when the force of
movement in the soil exceeds the resistant
strength.

This failure mechanism can be caused by two
different loading conditions. Cyclic loading,
meaning repeated or fluctuating stresses,
strains, or stress intensities to locations or
structural components, can lead to increased
pore pressures and reduced soil strength
which may generate strains in the foundation
due to volumetric fluctuations or deviations
in the foundation. Increased water levels
and seepage can also cause increased pore
pressures leading to the same strains in the
foundation due to volumetric fluctuations or
deviations in the foundation.
The tendency for slumping is highly dependent
on the side slopes of the embankment. Clayey
materials compacted to form the levee have
a shear strength depending on constituent
soil particles, moisture content and degree of
compaction. Over time the soil will weather
and potentially soften, cracking during dry
periods and in the cracks form water pathways
during wet periods. This highlights the
importance of soil investigations.

Overflow and overtopping
When the water level rises higher than the
levee crest or the hydraulic structure, this is
called overtopping. One of the reasons behind
this can be land subsidence which in turn
will decrease the levee crest level or height
of hydraulic structure. As the water overtops
or overflows and the energy from the water
crashes down on the land side, this may
erode the soil and cause instability, partial
collapse and eventually a potential failure or
breach of the levee or hydraulic structure.
Another possible risk for levees is that the
inner slope saturates and begins to slide. For
hydraulic structures the influx of water can
also cause such a rise in the water level in the
water system behind it so that the secondary
defences subsequently fail.
Mechanisms, apart from rising water levels,
that relevant to potential failure due to
overtopping are; the geometry of the levee or
hydraulic structure, the quality of the grass
cover on the land side slope, and the effective
fetch for each of the relevant wind directions.

Excess loading on a levee, or weak physical
properties of levee material or foundation
soil, generate sliding against a shear surface
within the embankment or the foundation soil,
leading to damage of the levee or hydraulic
structure.
Sliding in levee
Sliding can occur on both the inner or outer
slope of the levee. Sliding failures are caused
by either high water levels or seismic activity.
The cause is usually a weak or brittle zone in
the soil foundation leading to failure in that
plane when the shear strength in the soil is
too low to withstand the hydraulic forces of the
floodwaters.
Shearing of the landside slope
The potential risk of shearing is strongly linked
to the subsurface. The probability of shearing
increases if the soils are made up from clay or
weak peat layers. The inner slope (land side)
of a levee can then shear due to the high water
pressure on the outer slope (water side) of the
levee.

the peak storms. Another cause for erosion
can be damage to the wet surface of the levee,
especially along the coast this will give waves
the possibility of damaging the levee. Erosion
can also happen because of saturation of the
soil and slope instability.
Seepage, piping and outflanking

Erosion

One of the most common failure mechanisms
found in levees and hydraulic structures during
sustained periods of high water, is piping.
Levees and hydraulic structures built on soils
which have been deposited by sedimentation in
rivers especially run the risk of failure through
piping. The top layer of soil, is then often
composed of the finest particles, while beneath
there is often a sandy layer through which
water can more easily move. This can create a
flow of water through the sand underneath the
constructed levee or hydraulic structure, which
results in critical conditions on the land side
of the levee. Erosion of the land side soil and
levee foundation will happen in a high storm,
and more slow and consistent weakening of
the structure in lower storms, both in time
causing failure.

Erosion can occur on both the first bank and
the outer slope of a levee. It can be caused
by high velocity flows, meaning material
from the water side of the levee is gradually
decreasing and undermining the robustness
of the structure, leading to instability and
failure. This phenomenon can be instant or
can happen gradually over time following the
patterns of the storm cycle and the scale of

It is important to note is that some biogenic
agents can also act destabilizing on the soil
and cause the same effects of seepage as
described above. Therefore, the ground around
the levee should be kept clear of tree roots,
rodent holes and other biological activity that
can create conduits for seepage, for example
by covering the slope with a metal mesh. It
should also be considered whether potential

existing contamination could influence the
bearing capacity of the soil or not.
Hydraulic structures can in addition to seepage
and piping as described above, be subjected
to outflanking, where water will run over or
around the sides of the structure, which may
also reduce the link with the levee or the
foundation of the hydraulic structure.
Settlement and land subsidence
Water moving underneath the structure can
also cause settlement or land subsidence of the
foundation soils, resulting in a lowered crest
level for levee or a lower maximum height for
a hydraulic structure.
Failure to close
A hydraulic structure may fail to close during
a high water event, due to for example human
error or mechanical failure. It is important
that the structure is closed before water starts
to pour in, after which point closing will be
increasingly more difficult if not impossible.
Structural failure
Structural overload on a hydraulic structure
can cause loss of its flood defence function.
Design principles are key factors to be aware
of in construction of a hydraulic structure
for flood protection, but also what loads are
probable in relation to what loads can be
tolerated.

FISHERMANS BEND FINAL REPORT

Figure 96. Levee points of failure
This conceptual diagram shows the potential
points of failure of earthen levees. This will
need to be understood and managed to develop
an effective levee management system at
Fishermans Bend.
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LEVEE SAFEGUARDS & BEST PRACTICE

Safeguards
The aim of this section is to highlight the
focus areas that should be considered and
further investigated for successful flood
protection.
Main engineering considerations
Levees are sometimes built on soft soils
with low strengths sometimes causing
instabilities, high compressibility which may
lead to settlement, and/or high permeability
which increases the risk of seepage and
additional hazards that follow with that. The
main considerations that need be made in
levee design are stated below:
• Levee alignment with surrounding
environment, hydraulic conditions and
ground conditions
• Levee crest level, set to provide relevant
flood risk protection for the lifetime of
the levee
• Levee cross-section
• Ground conditions
• Materials
• Deterioration and serviceability
• Transitions and other points of weakness
• Designing for human-induced impacts
Levee geometry
The first step in levee design is
characterising the site and the
environmental settings and hydraulic
conditions. In the design of a levee the

initial consideration to make is the crest
height, this must be made sure to withstand
increasing sea water levels, wave action
and future increasing rain intensities,
thus increasing the hydraulic loads for
the expected lifetime of the levee. The
right crest level is found through hydraulic
modelling. Another aspect to consider is
the crest width, which has been shown
to have a significant impact on the risk of
overtopping. The next step is to investigate
the cross-section of the levee, meaning
the gradient of side slopes and potential
spillways or superiority levee crest level for
example. The resulting geometries will then
be checked for stability, settlement, seepage
etc. which may demand alterations of the
geometry until the right balance is found
between stability and geometry.
Keeping the structures shorter may be a
good initiative, while consciously considering
that each individual structure overlap must
be as strong as necessary, so as not to build
weaknesses into the construction.
Material
To further establish the levee cross-section
consideration must be given to the porosity
and effective roughness of the water side
of the levee. To protect the land side of
the levee from erosion due to overtopping
the land side slope can be designed to be
flatter or by introducing berms. This way it
is possible to use design of the cross section
to optimise control of the erosive forces

of the water. In all cases the thickness of
the erosion protection measures must be
considered, especially in coastal levees the
thickness can be significant.
Geotechnical investigations
Internal erosion can be managed by levee
width, slopes and landside berms. A wider
levee will generate lower hydraulic gradients
across the levee and thus the probability of
internal erosion starting will be lowered. The
permeability of the soil in the levee is also a
strong indication on risk of internal erosion,
as is the underlying ground conditions
and the interfaces in between the existing
and added materials. If underlying soil is
deemed unfit or unreliable for the levee,
improvement of the soil and/or foundation
is an alternative that should be considered,
which might in addition limit the required
width of the levee.
The longer time the flood lasts, the higher
the risk of internal erosion becomes due
to water pressure build up and seepage
flow build up. This could also be considered
in the design, controlled outlets or piping
leading water to a controlled area for
example could be viable options to relieve
this water pressure.
Stabilising structures
Some flooding situations may require
control measures incorporated into the
levee. These could for example be too

high seepage discharge rate, groundwater
pressure in need of control or an uplift
pressure on the land side slope needing
to be relieved to save the stability of the
levee. Examples of control measures for
such situations are stabilising berms,
constructed impervious layers on the levee,
the construction of seepage cut-off walls
through the permeable layers, use of toe
drains penetrating the permeable layers or
installation of relief wells.

Best practice approach
The Netherlands have developed a system
for flood risk analysis in all the various parts
of the country protected by dikes or levees.
The following section will briefly describe the
method used there, while acknowledging that
there are also other methods.
Risk analysis of flood defence system
Initially a summary of activities involved in
risk analysis of a levee system is made
• Screening of data, focal points, division of
levee system in to appropriate sections
• Schematisation; calculating of failure
probability for each levee section and each
failure mechanism, including sensitivity
analysis.
• Determining scenario probabilities
• Calculating flood risk combining
probabilities with consequences of each
scenario
• Sensitivity analyses demonstrate the
sensitivity of the outcomes based on
the principles and assumptions used;
identification of risk reduction measures
can also be made
• Reporting of results and findings
Calculating the risk is made by analysing
consequences and probabilities of failure.
Risk calculation = Consequence Analysis +
Probability Analysis
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The upcoming sections will describe the
method of performing a risk calculation by
performing a consequence analysis and
probability analysis, which are then put
together to form the resulting risk of flooding.
Consequence analysis
The consequence analysis is constructed
through the following steps.
1. Defining consequence segments
For convenience of calculation the levee
systems are divided into no more than 13
segments. The total number of scenarios
will amount to 2n-1, where n is the number
of segments. Segments are defined based
on the notion that no matter exactly where
the breach happens within this segment, the
consequences (flooded area) will be virtually
the same.
2. Producing flood propagation models
Flood propagation models illustrate and give
information on the flood pattern, size of the
area flooded, water depths, water velocity and
water rise rates in the event of a breach and
considers the impact of these factors, but also
accounts for the load conditions, i.e. water
level, duration of high water level, or other
conditions under which the flooding occurs.
Higher outer water levels during a levee failure
will cause more water to flow into the levee
system. Flood models are therefore run at
different outer water levels.

3. Defining scenarios
Each scenario consists of a combination
of failure and non-failure in each of the
consequence segments. With the maximum
number of segments, 13, that makes a total
of 8191 scenarios. Every scenario of flooding
describes a series of events initiated by
breaches in one or more of the segments
making up the studied levee. One breach in
one consequence segment can be followed by
numerous other breaches in other segments
leading to the same result, although through
different scenarios, thus only in the case
where a breach results in a radical decrease
in outer water level so that no more breaches
are credible, will the number of breaches and
scenarios be equal.
4. Selecting consequence estimates for each
scenario
The input from flood propagation models in
each consequence segment gives an estimate
of the resulting flood for each scenario in
terms of water depth, size of area affected,
water velocity and water level rise. This input
is used to estimate the consequences for each
defined flood scenario, expressed as economic
damage and number of fatalities.
Probability analysis
The probability of failure is based on what
type of flood protection is used, as they
have varying characteristics and specific

failure probabilities. The steps included in the
probability analysis are described below.
1. Defining the levee system into elements or
sections
This is based on the type of construction
the levee consists of, as different types
of constructions have different properties
regarding strength and loads, due to different
geometries and subsurface properties. Based
on this categorisation some common failure
probabilities can be calculated for each of the
different kinds of flood protection structures.
2. Schematisation of sections and failure
probability calculation
Each element and failure mechanism are
schematised and described in terms of
what properties are relevant for the failure
probability. It could be for example what
properties in a levee are relevant for the
failure mechanism of overtopping – geometry
of the levee, the quality of grass cover on the
land side slope and the effective fetch for each
wind direction, and so on.
The failure probabilities calculated for each
section and failure mechanism can be
combined to give a failure probability for all
sections and failure mechanisms in the levee
system. This reflects the likelihood that some
section of the levee system will fail, which is
also the probability that inundation will occur
in the area protected by the levee system.

3. Risk assessment

Maintenance

All the identified scenarios cover all combinations
of failure and non-failure, breach in this case, of
the consequence segments, individually and in all
possible combinations. Each section consists of
one or more types of flood protections sections
with specific probabilities of failure given the
prevailing circumstances, the sum of the failure
probabilities in the sections give the total failure
probability for that specific segment. This is used
for calculation of the failure probability for each
identified scenario. The scenario probabilities are
needed to link probabilities and consequences.
Since the set of scenarios encompasses all
possible flood sequences, the sum of the scenario
probabilities equals the probability that a flood
will occur somewhere in the levee system.
Risk calculation
The combination of the probability of failure
for each identified scenario, and the modelled
and estimated consequence of that scenario,
summarised for all scenarios will give the total
resulting flood risk. This because all the scenarios
together represent all possible floods in the levee
system.

A ‘Levee Management Manual’ is
recommended by the Victorian Levee
Management Guidelines to maintain the
functionality of both the levee and the
mobile flood barriers in this option (‘Levee
Management Guidelines’ 2015). The
manual sets out a high level methodology
that covers the levee lifecycle through:
acquisition, operation and maintenance,
disposal and renewal.
A management manual is suggested that
has four main sections.

Through this technique the expected value of
economic damage and the expected value of
the number of fatalities is calculated based on
the product of the probability and consequences
per scenario. The scenario probabilities and
consequences of each scenario can be used
to describe the societal risk (FN curve), the
economic damage curve (FS curve), the local
individual risk (LIR) and the local individual risk
without evacuation.

• Asset description
Elements of the constructed system
Asset technical information
• Inspection and maintenance program
Strategic maintenance
Operational maintenance
Record keeping
• Management for operational readiness
Preparing a levee before a flood event
Levee operation during a flood event
• Levee inspection and follow up tasks
after a flood
Conclusion
By considering the external influences,
structural processes, safeguards and
management, risk of levee failure can be
reduced to a safe level.
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APPENDIX 3
REFERENCE CITIES
Existing plans already undertaken by cities around the world will
serve as reference and inspiration for Fishermans Bend.

In total four cities have been analysed to
give an overview of similar work that has
been undertaken overseas and in Australia.
The cities chosen were Copenhagen,
Rotterdam, New York and Launceston
as these cities have a similar scale. Also
Ramboll has worked directly on, or are
familiar with, some of these projects
and therefore are well placed to provide
detailed background on the strengths and
weaknesses.
For the four cities, we have compiled
information from the best available
trustworthy sources where data collection
is a core competency and review the data
through the Rapid Evidence Assessment
(REA) tool.
Overall, the cities researched showed there
is a common “Toolbox” of measures that
can be applied to the sites. Therefore, each
of the cities have lessons for Fishermans
Bend.

SITE LOCATION
01
Fishermans Bend, Melbourne, Australia
Climate: Oceanic climate zone
Rainfall: 602 mm
Service Level: 5-20 years

REFERENCE CITIES
02
Copenhagen, Denmark
Climate: Oceanic climate zone
Rainfall: 522 mm
Service Level: 5 years

03
New York, United States America
Climate: Humid subtropical
Rainfall: 1268 mm
Service Level: 5 years

04
Rotterdam, Netherlands
Climate: Oceanic climate zone
Rainfall: 855 mm
Service Level: 2 years

05
Launceston, Tasmania
Climate: Cool temperate climate
Rainfall: 678 mm
Service Level: Unknown

