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1.3 Purpose of this report 

The purpose of this report is to document the methodology, underlying assumptions used, and 

results of the modelling and flood mapping of the Lower Yarra River. The outputs of the project 

are intended to update Melbourne Water’s flood mapping information, assisting with planning 

approvals and flood risk assessment and prioritisation.  

1.4 Limitations 

This report: has been prepared by GHD for Melbourne Water Corporation and may only be used and relied 
on by Melbourne Water Corporation for the purpose agreed between GHD and the Melbourne Water 
Corporation as set out in Section 1.3 of this report. 

GHD otherwise disclaims responsibility to any person other than Melbourne Water Corporation arising in 
connection with this report. GHD also excludes implied warranties and conditions, to the extent legally 
permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those specifically 
detailed in the report and are subject to the scope and limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions encountered 
and information reviewed at the date of preparation of the report. GHD has no responsibility or obligation 
to update this report to account for events or changes occurring subsequent to the date that the report was 
prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions made by 
GHD described in this Report. GHD disclaims liability arising from any of the assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by Melbourne Water Corporation and 
others who provided information to GHD (including Government authorities)], which GHD has not 
independently verified or checked beyond the agreed scope of work. GHD does not accept liability in 
connection with such unverified information, including errors and omissions in the report which were 
caused by errors or omissions in that information. 

1.5 Available information and limitations 

The following information was utilised in undertaking this flood mapping study: 

 General cadastral and planning information (e.g. properties boundaries, easements, roads, 

planning scheme zones and overlays). 

 RORB model developed in previous Yarra River Flood Mapping Project (2016) 

 RORB model developed in previous study for the Maribyrnong River (circa 2014) 

 Aerial ortho-photos (circa 2017) 

 General information obtained from Melbourne Water throughout the course of the project: 

– Survey drawings for a majority of the bridges along the Lower Yarra River. 

– Dredged profile information for past dredging schemes, including assumptions to be 

made where information was not available. 

– First return and processed LiDAR (circa 2008). 

– Tidal data for both existing and climate change scenarios, including related 

assumptions. 

– Model files from other local or upstream TUFLOW models, namely Southbank, 

Fisherman’s bend and North East Link Project (NELP) “existing conditions” Yarra River 

model. 
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2. Catchment and drainage description 

2.1 Catchment description 

The Yarra River is the longest river under MW’s control and this study looks at flooding along 

the final 15 km of the river before it discharges to Port Philip Bay. The approximate Lower Yarra 

River Study Area is shown in Figure 1 and covers an area of around 50 km² across six (6) 

municipalities – the cities of Yarra, Stonington, Melbourne, Port Phillip, Maribyrnong and 

Hobsons Bay. The contributing hydrologic area extends well beyond even the hydraulic model 

area shown, with a total contributing catchment area in excess of 4000 km². 

Within the Study Area, there is a mix of land use including residential, commercial, industrial, 

open space and waterways/drainage easements, although the majority of the upper catchment 

is rural. Key public features of the Study Area include: 

 Melbourne’s Central Business District (CBD). 

 South Bank 

 Docklands development 

 Sports precinct around Melbourne Cricket Ground (MCG), AAMI Park and Melbourne Park. 

 Royal Botanic Gardens. 

 Alexandra Gardens. 

 Birrarung Marr 

2.2 Melbourne Water drainage systems 

The focus of this Study was “riverine flooding” along the Yarra River within the Study Area, so 

there are only three major MW assets that are included in the model, the Yarra River, Moonee 

Ponds Creek and the Maribyrnong River – these are briefly described in subsequent sections. 

The underground assets within the Study Area were not represented in the hydraulic model at 

the request of Melbourne Water. These assets typically respond to smaller local events and 

would be assessed as part of more localised investigations to inform the Planning Scheme 

Layers in these areas. Other MW assets exist within the hydraulic model boundary outside the 

Study Area, but given they are outside the area being mapped they are not documented here. 

2.2.1 Yarra River 

The Yarra River (MW Asset No. 4400) is a ‘natural waterway’ asset that passes through the 

centre of the Study Area. The asset is approximately 15 km long within the Study Area with the 

following general characteristics: 

 Width of 40 m to 350 m 

 Depth of 6.5 m to 12.5 m upstream of Spencer Street and up to 19 m downstream of 

Spencer Street. 

 17 major structures crossing the waterway. 

The terrain of this model has been represented using a combination of surveyed cross-sections 

and bathymetry. 
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2.2.2 Moonee Ponds Creek 

Moonee Ponds Creek (MW Asset No. 4310) is a ‘drainage channel’ asset that joins the Yarra 

River immediately downstream of the Bolte Bridge. This asset has been included in the model 

from just downstream of Macaulay Road to the confluence with the Yarra River for the purpose 

of improving flow distribution and allowing the model to access storage within this waterway. In 

general, the terrain (bathymetry) is simply represented with a ‘gully’ line and shaping to better 

define the waterway. 

2.2.3 Maribyrnong River 

Maribyrnong River (MW Asset No. 4220) is a ‘natural waterway’ asset that joins the Yarra River 

approximately 1 km upstream of where the West Gate Bridge crosses. This asset has been 

included in the model from just downstream of Fisher Parade Road Bridge to the confluence 

with the Yarra River for the purpose of improving flow distribution and allowing the model to 

access storage within this waterway. In general, the terrain (bathymetry) is simply represented 

with a ‘gully’ line and shaping within the waterway area. 

2.3 Known flood issues 

No complete flood mapping of the Study Area has previously been completed, but modelling of 

the Yarra River upstream of Spencer Street (or Clarendon Street) bridge was completed as part 

of the 2016 Yarra River Study (SP Goh and Associates, 2016). This modelling utilised flows 

from RORB and the 1D hydraulic modelling package HEC-RAS to estimate flood levels. These 

results do not appear to have been used to update planning layers or designated levels. 

Figure 2 shows the 100 year ARI extent and affected properties derived from previous flood 

mapping within parts of the Study Area. These results indicate 1247 properties are subject to 

flooding during a 100 year ARI event from ‘waterways’ within the Study Area.
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3. Modelling approach 

3.1 Overview 

The general modelling approach utilised in this study is summarised in Figure 3, which includes 

the following general stages: 

1. Preliminary Model – development of model used to determine appropriate grid size, assess 

representation of channel in 2D and understand run time. 

2. Developed Model – initial scenario modelling of existing conditions and subsequent 

comparison of water level results to MW’s designated levels (based on 1934 flood).  

3. Quasi-Verification Model - revised scenario modelling based on incorporating terrain 

changes to quasi represent the channel profile for 1934 flood. 

4. Initial Design Run Model – model used to prepare initial design run outputs that were 

subsequently discounted by MW over concerns in overbank flows around Southbank. 

5. Southbank Refinement Model – additional detail added to model in Southbank overflow 

area to increase confidence in flood levels in area outside of the Yarra River, which was the 

focus of different local investigations for Southbank and Fisherman’s Bend. This process 

primarily involved incorporating details from local hydraulic models (namely Southbank and 

Fisherman’s Bend) and adding additional terrain detail across this overflow area. Model 

verification was also revisited. 

6. Extended Yarra River Model – refined model above was extended to combine with the 

“existing” conditions North East Link Project of the Yarra River to increase confidence in the 

levels within the Study Area by reducing importance of upstream storage assumptions and 

allowing “verification” to historic levels along a larger length of the Yarra River in less tidally 

influenced sections of the Yarra River.  

7. Revised Design Run Model – model used to compare impact of TUFLOW engine (Classic 

and HPC) and ‘Sub-grid sampling’ (SGS) functionality on the consistency of design event 

results with recorded historic levels. 

8. Final Design Run Model – scenario runs used to generate deliverables.  

Stage 1 to Stage 7 of this figure are discussed in more detail in Appendix A, whilst the setup for 

the model in Stage 8 is discussed and documented in this report.
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3.3.2 2D domain 

A Digital Terrain Model (DTM) was created to represent the ground features of the catchment 

both within the channel of the Yarra River (and its major tributaries) and across the floodplain 

within the Study Area. This DTM was supplemented by other DTMs supplied with the local or 

upstream models to cover the entire hydraulic model boundary as required. The final DTM 

created by TUFLOW upon reading in these separated DTMs was used as the basis of the 

ground surface in the hydraulic model, which when combined with the additional shaping and 

roughness parameters described in a later section defined the 2D Domain for the Study.  

The accuracy of the terrain data was not checked by GHD as this is beyond the scope of this 

project. The following terrain data was supplied and used in the final DTM together with some 

breaklines created using engineering judgement to smooth the transition between data sources: 

 LiDAR covering the Lower Yarra River project Study Area (circa 2008). 

 Two DTMs provided with Southbank hydraulic model that were deemed to be more 

representative of this area: 

– “DEM_TIN_COASTAL.asc” – understood to be based on LiDAR data. 

– “dem_tin_clipped.asc”. 

 Three DTMs provided with NELP “existing conditions” model: 

– “clip_dtm10m_e_mga55.asc” – understood to be broader VicMap terrain data covering 

some of floodplain away from the Yarra River.  

– “dem_1m_mos.asc”. 

– “dem_yarra_nela.asc” – understood to be terrain data provided by MW for NELP. 

 HEC-RAS cross-section data for the portion of the Yarra River covered by the study area 

(sourced from the 2016 Yarra River Study) – these were interpolated using an in-house 

routine that followed the meandering flow path of the Yarra River (required as interpolated 

cross-sections in HEC-RAS couldn’t represent 180 degree bends in river). 

 Bathymetry data in the following areas: 

– Surveyed cross-section data for following areas 

 Yarra River upstream of Spencer Street (circa 2005 – adopted from Yarra 

River HEC-RAS model) 

 Maribyrnong River from upstream of around Footscray Road (circa 2004) 

– Surveyed cross-section and approx. thalweg point data in the following areas (circa 

2014)  

 Yarra River roughly between the Bolte Bridge and just downstream of West 

Gate Bridge. 

 Maribyrnong River from the Yarra River to around Footscray Rd. 

– Detailed bathymetry point data for the following areas 

 Yarra River around Charles Grimes bridge (circa 2004) – extends from just 

downstream of Spencer Street to around Bolte Bridge 

 Maribyrnong River upstream of around Footscray Road (circa 2004). 

– Thalweg created along Moonee Ponds Creek based on linearly interpolating between 

inverts at key structures/junctions extracted from an existing HEC-RAS model. 

– Thalweg along Yarra River adopted from the NELP “existing conditions” model. 
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The final DTM was actually a combination of nine DTMs, six representing the floodplain and 

three the major waterways within the Study Area. The DTMs needed to be manipulated and/or 

merged together using terrain modification layers in TUFLOW in the following locations: 

 Connection of a branch around Herron Island on the Yarra River 

 Transitions between portions of bathymetric DTM created from HEC-RAS and that based 

on detailed bathymetric soundings 

 Burnley Harbour. 

 Victoria Harbour and nearby docks. 

TUFLOW represented the terrain across the hydraulic model area with 10 m cells, with 

additional storage and conveyance detail obtained at a 2 m resolution using the ‘sub grid 

sampling’ (SGS) functionality in TUFLOW. This new feature essentially provides greater detail in 

the terrain without the full overhead of a smaller grid size (details of this feature are documented 

in 2020 TUFLOW Release Notes – BMT, 2020). and was adopted based on comparison of 

water levels along the Yarra River to historic levels with and without this feature enabled as 

discussed in Appendix A.  

To improve the representation of key catchment characteristics a number of terrain modification 

layers were also read into the model, including: 

 ‘ridge’ lines to reflect key flow control levels, such as channel banks, road embankments 

and flood/noise walls; 

 ‘gully’ lines to provide connectivity along the channel thalweg to avoid unnecessary 

ponding, especially in areas upstream of the Study Area where the profile of the river below 

the water level at the time of when the terrain data was sourced was used to represent the 

channel; and 

 ‘shapes’ to represent some permanent structures (see discussion on structures in Section 

3.3.4). 

3.3.3 Boundary conditions 

This model required the following types of boundary conditions, which are summarised below: 

 Upstream flows (‘inflow boundaries’) 

 Upstream storages  

 Downstream levels (‘tailwater boundaries’) 

 Initial conditions 

Inflow boundaries 

Inflow hydrographs for the Yarra River, Moonee Ponds Creek and the Maribyrnong River were 

generated to represent the inflows to the Yarra River from its contributing catchments using 

RORB models supplied by MWC (see Section 3.2).  

The hydrographs were applied as a combination of total hydrographs from groups of subareas 

upstream of modelled areas and individual subareas along the Yarra River. A summary of the 

hydrographs used in the modelling can be found in Appendix B. 
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Initial water levels 

The applied global initial water levels were based on the tidal levels at the beginning of the 

simulation (refer Appendix C) to avoid water rushing into the model. Each simulation was also 

run for 36 hours prior to the storm with a typical tide curve to enable the model to establish a 

dynamic tailwater level along the main waterways within the Study Area (i.e. provide initial 

conditions for each storm with a hydraulic grade based on tides).  

3.3.4 Structures 

Structures along the Yarra River have a significant impact on flood levels and therefore the 

resultant flooding in major storm events. As such, these structures were required to be modelled 

in some way to allow their impact to be represented appropriately.  

Three types of structures were identified along the banks of or crossing the Yarra River – these 

were bridges, piers and floating structures. These structures and the ways in which they were 

modelled are discussed below. 

Bridge Structures 

Given that bridges are a hydraulically significant aspect of this investigation, their representation 

is important and as such, it was decided that they should be modelled in some detail. This 

involved modelling bridges in a number of different ways depending on the span direction of the 

bridge relative to the direction of flow of the river and the bridge characteristics. These 

approaches were as follows and where they were applied is summarised in Table 5. 

• Bridges perpendicular to the direction of flow – These bridges were modelled with the 

use of layered flow constrictions. These objects allow the representation of up to three 

layers vertically, allowing the representation of bridge piers, deck and railings. These bridge 

layers all affect the flow of water through the bridge structure differently and so separate 

representation of these layers to represent this variation is important.  

This representation is made through the application of form loss coefficients and blockage 

percentages that vary for each layer. The detailed approach developed by GHD and 

adopted for this project is discussed in Appendix D and is specifically applicable to bridges 

that cross the Yarra River only. 

• Bridges parallel to the direction of flow – While the abovementioned approach was 

adopted for bridges crossing the Yarra River, this same approach could not be used for 

bridges alongside the river due to TUFLOW applying form losses additively in the direction 

of flow, which would result in overstating of form losses. These bridges were instead 

represented using layered flow constrictions with only blockage applied to pier and deck 

layers to represent the obstruction to flow posed by such structures. The sound walls along 

CityLink were represented with a combination of thin z lines to completely block the lateral 

flow of water to a given varying elevation as appropriate or layered flow constrictions along 

the sides of river-side cells to allow water passage beneath the sound wall but not through 

at the appropriate elevations.
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Other Riverside Structures 

Piers, jetties, walkways and other structures were identified along the Lower Yarra River within 

the Study Area. These structures and how they were modelled are described below. 

• Rigid and permeable structures – These structures formed an obstruction to flow by 

introducing additional resistance to flow passing through the given structure. These 

structures included structures such as piers and jetties and were modelled using depth 

varying Manning’s roughness coefficients to represent the increased resistance to flow 

caused by the given structure. 

• Rigid and impermeable structures – These structures formed an obstruction to flow by a 

reduction in the cross-sectional area of the river. These structures included protruding 

walkways, ramps and similar types of structures, requiring to be modelled in instances 

where they were not represented by the underlying model terrain and being modelled using 

z shapes to build up the terrain as necessary. 

• Floating structures – These structures were initially modelled using “flow constriction” 

layers in TUFLOW, but after much testing there was a bug identified in the software that 

required this type of layer not to be used. Alternative ways to represent these structures 

were investigated (i.e. altered roughness), but ultimately the change in roughness was 

found to be negligible and so were not explicitly modelled in this Study. This was also 

considered appropriate as it was agreed that the effect on the flow capacity of the Yarra 

River during major storm events was likely to be minimal. 

Structures of this nature were not identified or modelled in the area upstream of the Study Area. 

3.3.5 Manning’s roughness 

Bed resistance was allocated to each cell as a Manning’s n value based on land use type and 

aerial photography within the Study Area. Outside the Study Area, roughness was adopted from 

the supplied models with the exception of the major waterways – which is explained further 

below.  

Adopted Manning’s n values for various land uses/surface types within the Study Area are 

tabulated in Table 6 and the spatial distribution of this roughness is shown in Figure 6. This 

figure also served as a visual check that the correct Manning’s n values were being applied in 

the right locations. 

The adopted roughness for major waterways was selected during the “verification” modelling 

phase of this Study, which is described in Appendix A. The value is within the range commonly 

used for major waterways and provided a model results acceptable to MW relative to historic 

levels given the combination of designated levels, design flows and other assumptions in the 

agreed modelling approach. 
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3.3.7 Qualifications relating to flood mapping output 

The hydraulic model and its results extend beyond the region being ‘mapped’ to achieve a 

number of objectives, including: 

 To improve the distribution of model inflows; 

 To reduce the significance of downstream boundary conditions; 

 To allow for break away flow both within and upstream of the Study Area; and 

 To enable comparison of the adopted modelling approaches with historic flood levels 

across a broader reach of the Yarra River with less tidal influence. 

Therefore, the flood mapping output described in the following sections, and provided to 

Melbourne Water in accordance with the Guidelines and Technical Specifications for Flood 

Mapping Projects, November 2016 (MWC 2006), have been trimmed to a “Mapping Limit” 

polygon. This line designates the extent of meaningful results. Outside of the “Mapping Limit” 

the model results may be misleading for a number of reasons, including: 

 Boundary conditions; 

 Incomplete representation of drainage assets; 

 A number of modelling approximations suitable for the current purposes within the mapping 

limit but not necessarily suitable for flood mapping requirements outside of the mapping 

limit. 

All modelling results require appropriate interpretation. It should be noted that overland flows for 

the smaller, more frequent events, such as the 5 and 10 year ARI results, are produced using a 

hydraulic model established primarily for the purpose of modelling the 100 year ARI event. The 

implication of this is that, particularly for these smaller events, the modelling results will need to 

be appropriately interpreted with an understanding of their limitations.  

Despite these limitations the results for the smaller, more frequent events are currently believed 

to be the best available with respect to identifying the effects of riverine flooding. Modelling of 

local catchments should always be considered particularly in regions adjacent and remote from 

the Yarra River. 

The accuracy of the final results is in part a function of the resolution of the TUFLOW model 

(which uses a 10 m cell size with SGS at 2m). The higher resolution of results (provided on a 1 

m grid) is provided as a partially interpreted data source for the convenience of Melbourne 

Water. This higher resolution grid of results does not infer a higher accuracy. 
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4. Mapping 

4.1 Introduction 

The raw results of the TUFLOW modelling were post-processed to produce the required GIS 

layers outlined in Melbourne Water’s Guidelines and Technical Specifications for Flood Mapping 

Projects, November 2016 (MWC 2016) within the Study Area. Envelopes of maximum values 

were produced for each AEP and for each of the key output parameters (i.e. flood level, velocity, 

velocity-depth) using the “ASC to ASC” utility. The maximum flood level envelope from the 

above process was then further processed using TUFLOW’s “remap” functionality in the latest 

“ASC to ASC” utility, which recalculates flood levels and depths based on a more detailed DEM 

(this feature is outlined in TUFLOW’s latest release notes and/or the TUFLOW Wiki -

https://wiki.tuflow com/index php?title=TUFLOW Remapping). The adopted DEM for remapping was the “DEM_Z” file 

created by running an additional model based on the final “SGS” model on TUFLOW Classic 

with a 2 m cell size (which was the “SGS” sampling distance). The remaining maximum 

envelope results were ‘filtered’ by removing values where there was no depth result and used 

further to produce the various required output layers. Further details of the mapping output is 

described in the following sections. 

4.2 1 m results grids 

MapInfo layers were created containing points on a 1 m orthogonal grid for each of the events 

listed in Table 1. Each point contains the following information for the specific event: 

 Maximum water level (m AHD – based on TUFLOW “h_Max.flt” results remapped to a finer 

DTM using TUFLOW’s “ASC to ASC” utility) 

 Maximum depth (m – based on TUFLOW “h_Max.flt” results remapped to a finer DTM 

using TUFLOW’s “ASC to ASC” utility) 

 Maximum velocity (m/s – based on TUFLOW “V_Max.flt” results) 

 Maximum velocity-depth product (m2/s – based on TUFLOW “Z0_Max.flt” results) 

 Critical storm duration of maximum water level (minutes – based on TUFLOW “h_Max.flt“ 

 Minimum time to 350 mm depth (hours – based on TUFLOW “TExc_0.35m.flt” results) 

 Minimum time to 500 mm depth (hours – based on TUFLOW “TExc_0.5m.flt” results) 

 Maximum time of inundation above 350 mm depth (hours – based on TUFLOW 

“TDur_0.35m.flt” results) 

 Maximum time of inundation above 500 mm depth (hours – based on TUFLOW 

“TDur_0.50m.flt” results) 

The ‘raw’ 1 m points were trimmed back to the respective ‘filtered and smoothed’ flood extents, 

and then used in populating the “Parcels Flooded” and “Building Footprints” MapInfo layers 

(refer to Sections 4.6 and 4.7). 

The 1 m point data will not exist where a small island has been removed from the flood extent. 

So that the data removed by the above processes is not ‘lost’, ‘raw’ and ‘unfiltered’ versions of 

the 1 m points have also been provided to Melbourne Water. 
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4.3 Flow values 

The flow results at the locations of model ‘printout’ (PO) lines were collated and provided in 

MapInfo layers for each scenario. The flow values provided in each layer are: 

 maximum total flows for each AEP 

 maximum overland flows (1% AEP only – from the 2D domain) 

The values are maximum from the modelled storms for the each AEP. 

A set of “PO Flows” layers were also created to provide additional information not included in 

the “Flow Values” layers. These “PO Flows” layers were created for each of the events listed in 

Table 1 and contain the peak total flow and the critical storm in which the maximum “overland” 

flow occurs. 

4.4 Flood extents 

Flood extents were created for each of the events listed in Table 1 using a prescribed method 

provided by Melbourne Water, which is generally as follows: 

 Create ‘raw and unsmoothed’ flood extent polygons based on calculated depth results. 

 Remove ‘puddles’ or ‘islands’ that are less than 100 m2 in area. 

 Smooth the extents using an FME workspace provided by Melbourne Water, which utilises 

Densifier, McMaster Weighted Distance and NURBfit algorithms. 

All flood extents were then trimmed back to a ‘mapping limit’, thus removing results in areas that 

were modelled purely for the purposes of establishing appropriate flow distribution and/or 

boundary conditions. 

The remaining Base Case flood extents smaller than the 1% AEP extent were trimmed back to 

the 1% AEP extent, just to ensure that the “Planning Scheme Ready” process didn’t result in the 

smaller extents being just outside the 1% AEP extent. 

The flood extents created using this method are shown in Appendix E. This appendix also 

includes maps showing the water surface level and depth results within the Mapping limits of the 

Study. 

There is an implication of removing islands from the flood extents in that this creates areas that 

look flooded but do not have any underlying flood data such as 1 m grid points or flood 

contours. No attempt has been made to ‘create’ data where islands have been removed. So 

that the data removed by the above processes is not ‘lost’, ‘raw’ and ‘unfiltered’ versions of the 

flood extents have also been provided to Melbourne Water. 

4.5 Flood contours 

MapInfo layers of flood contours were created for the 1% AEP events only (i.e. Base Case and 

Climate Change Scenarios). Flood contours were created at 0.5 m intervals from the ‘raw and 

unfiltered’ maximum water level envelopes and trimmed back to the respective ‘filtered and 

smoothed’ flood extents.  

As per the discussion on the filtered grid data, flood contours will not exist where an island has 

been removed from the flood extent. So that the data removed by the above processes is not 

‘lost’, ‘raw’ and ‘unfiltered’ versions of the flood contours have also been provided to Melbourne 

Water. 
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5. Recommendations 

It is recommended that: 

 Melbourne Water consider the outcomes of this investigation to inform future planning 

decisions. This consideration should comprehend the strengths of the current investigation, 

which include a significantly improved understanding of flood flows as well as the potential 

for newer approaches such as ARR2019, additional gauge data and more comprehensive 

investigations that revise some of the hydrologic approaches to provide revised information 

in the future. 

 Future investigations of the Yarra River consider the merit of updating the base data and/or 

assumptions used in this Study including: 

– Utilising ARR2019 hydrology approaches 

– Adopt latest LiDAR information and consider updating bathymetry data where 

assumptions were required (and/or to improve detailed coverage to reduce need for 

assumptions and interpolation) 

– Obtain data on structures crossing and along waterway, particularly where water is 

currently shown to break out of the river. 

– Undertake some verification of predicted flood levels against available gauge 

information where appropriate. 

– Consider generating flood estimates for historic event and comparing them with historic 

flood level records. 
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Figure 1 TUFLOW Model Setup for Testing  
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Figure 3 Cross-section comparison at between City Link and MacRobertson Bridge (HEC-RAS Ch 15052, Herr US-Pound DS)  
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Figure 4 Cross-section comparison at between Herring Island and Church Street Bridge (HEC-RAS Ch 12877, Spencer-Herr DS)  
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Figure 5 Cross-section immediately downstream of Morell Bridge (HEC-RAS Ch 11221, Spencer-Herr DS)  
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Figure 6 Cross-section between Princes Bridge and Southbank Pedestrian Bridge (HEC-RAS Ch 9249, Spencer-Herr DS)
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3 HEC-RAS Modelling 

The flows and bathymetry for this project were initially adopted from HEC-RAS modelling undertaken by 

Melbourne Water. GHD have compared the results of the MW HECRAS model with various tailwater levels 

(TWLs) to the current ‘Designated Levels’ within the study area. This is presented in Figure 7, which shows 

the following: 

 Current HEC-RAS modelling provided to MWC (assumed TWL of 1.3 m AHD) doesn’t match 

‘Designated Levels’ very well within the study area, with HEC-RAS giving higher results for the entire 

area except for the top end of the model from just upstream of MacRobertson Bridge; 

 Increasing the TWL to 1.6 m AHD (one of the currently requested scenarios) enlarges the differences to 

the ‘Designated levels’; and 

 Lowering the TWL to 0.6 m AHD or 0 m AHD reduces the difference to the ‘Designated Levels’ 

downstream of Swan Street Bridge and actually causes a slight increase upstream of Swan St Bridge. 

Testing of other parameters, such as flow or roughness, within MW’s HEC-RAS model was not undertaken. 

4 Initial “Existing” TUFLOW Modelling 

4.1 Modelling Overview 

To test the TUFLOW model setup and determine the implications of the base assumptions regarding flows, 

TWLs and roughness, numerous TUFLOW model runs have been completed for the 100y ARI 72h storm to 

compare to both the Designated Levels and those from the previous HEC-RAS modelling (which stops just 

downstream of Spencer St). The completed model runs and their associated assumptions, summarised in 

Figure 8, present the modelling results of all these runs on a single plot. This plot includes four distinct 

colour bands that highlight runs with different TWLs as described below: 

 Red – Tidal curve with a peak level of 1.4 m AHD 

 Orange – Fixed level of 1.6 m AHD 

 Green – Fixed level of 0.6 m AHD 

 Blue – Fixed level of 0.0 m AHD 

From this plot the following is evident: 

 The Designated Levels are significantly lower than the vast majority of TUFLOW model runs, 

 The HEC-RAS water surface levels generally lie somewhere in the middle of the TUFLOW model runs, 

 Between chainages of 500 m and 7500 m the TWL has a significant effect on water surface levels within 

the Yarra River, 

 Between chainages of 7500 m and 8000 m the TWL begins to have a less significant effect on water 

surface levels within the Yarra River, 

 Above chainages of 8000 m factors other than the TWL (i.e. peak flows and Manning’s coefficients 

applied along the Yarra River) have more significant effects on water surface levels within the Yarra 

River. 
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Table 1 TUFLOW Model Scenarios 

Model Scenario 
Yarra River Flow 
(and Adopted Kc) 
(m3/s)  

River Roughness 
(Manning’s ‘n’) 

TWL*  
(m AHD) 

Comment 

MWC Designated Levels - - - Comparison levels adopted from MWC’s “Flood_Contour_100yr_Waterways” layer  

HEC-RAS 1480 0.025 1.3* Comparison levels adopted from MWC’s provided HEC-RAS model for Yarra River called “Yarra River high flow model (Oct 10)” 

S1 1475 (145) 0.05 1.6 Initial ‘Base Case’ Scenario 

S2 
1475 (145) 0.05 

Tidal  

(1.4 m AHD peak) 
Test impact of fixed versus tidal boundary condition 

S3 1475 (145) 0.05 0.6 Test impact of lower fixed DS TWL 

S4 1475 (145) 0.05 0 Test impact of lower fixed DS TWL 

S5 1475 (145) 0.025 1.6 Test impact of lower channel roughness 

S6 1475 (145) 0.015 1.6 Test impact of lower channel roughness 

S7 
1475 (145) 0.025 

Tidal  

(1.4 m AHD peak) 
Test combined impact of lower channel roughness and tidal boundary condition 

S8 
1475 (145) 0.015 

Tidal  

(1.4 m AHD peak) 
Test combined impact of lower channel roughness and tidal boundary condition 

S9 1475 (145) 0.025 0.6 Test combined impact of lower channel roughness and lower fixed DS TWL 

S10 1475 (145) 0.015 0.6 Test combined impact of lower channel roughness and lower fixed DS TWL 

S11 1475 (145) 0.025 0 Test combined impact of lower channel roughness and lower fixed DS TWL 

S12 1475 (145) 0.015 0 Test combined impact of lower channel roughness and lower fixed DS TWL 

S13 1314 (180) 0.05 1.6 Test impact of impact of lower Yarra River flows 

S14 1314 (180) 0.025 1.6 Test combined impact of lower Yarra River flows and lower channel roughness 

S15 1314 (180) 0.015 1.6 Test combined impact of lower Yarra River flows and lower channel roughness 

S16 1314 (180) 0.025 0.6 Test combined impact of lower Yarra River flows, lower channel roughness and lower fixed DS TWL 

S17 1314 (180) 0.015 0.6 Test combined impact of lower Yarra River flows, lower channel roughness and lower fixed DS TWL 

S18 1314 (180) 0.025 0 Test combined impact of lower Yarra River flows, lower channel roughness and lower fixed DS TWL 

S19 1314 (180) 0.015 0 Test combined impact of lower Yarra River flows, lower channel roughness and lower fixed DS TWL 

Note: 
* indicates that a fixed tailwater level was set at level specified, unless marked as “Tidal” in which case a simplified tide curve shifted to have a peak level at the level specified.  
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Figure 8 TUFLOW WSL Result Comparison to MWC Designated Levels and Current HEC-RAS results (Long Section 1)
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To better assess the impact of other variables, plots showing the change in flow and roughness for each of 

the four different TWL conditions are presented in Figure 9 - Figure 12. In these plots the darker/lighter lines 

indicate higher/lower Manning’s values (0.05, 0.025 and 0.015) while the triangle markers indicate runs with 

lower flows applied (peak of 1314 m³/s as opposed to 1475 m³/s). From these plots it can be seen that: 

 Higher Manning’s values produce higher water surface levels within the river, 

 Lower flows produce lower water surface levels within the river,  

 Results upwards of a chainage of 10,500 m cover similar ranges of WSLs,  

 At a chainage of 10,500 m water surface level ranges are as follows compared to a Designated Level of 

2.8 m AHD: 

– Long Section 2a – 4.8 m AHD, 

– Long Section 2b – 3.2 to 4.85 m AHD, 

– Long Section 2c – 3.1 to 4.8 m AHD, 

– Long Section 2d – 3.1 to 4.8 m AHD. 

 At a chainage of 14,000 m water surface level ranges are as follows compared to a Designated Level of 

6.05 m AHD: 

– Long Section 2a – 7.6 m AHD, 

– Long Section 2b – 6.0 to 7.6 m AHD, 

– Long Section 2c – 6.0 to 7.6 m AHD, 

– Long Section 2d –6.0 to 7.6 m AHD. 

Following these base assumption tests, a test model was also run with bridge structure across the Yarra 

River modelled within the Study Area from Spencer St upstream to gain an appreciation of the likely 

increase in flood levels from including these. The modelling was for the 100y ARI 72h event with base 

assumptions from storms based on scenario ‘S19’ in Table 1 and is presented in Figure 13. From this plot it 

can be seen that increases in WSL due to structures range between 1 m and 1.7 m in the areas where 

bridge structures are modelled. Given that some bridges are still to be included in the model and that this 

model run did not include other riverside structures, this is likely to slightly increase further. 
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Figure 9 Tidal TWL TUFLOW WSL Result Comparison to MWC Designated Levels (Long Section 2a)  
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Figure 13 TUFLOW WSL Result Comparison – Impact of Structures (Long Section 3) 
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4.2 Results Discussion  

Some of the differences in results above might be explained by one or a combination of the following factors: 

1. Designated Levels are based on observations from the 1934 flood that is generally considered greater 

than a 100y ARI event (perhaps it was not greater than the 100 year at this location) 

2. Designated Levels may be from an event which occurred when MWC was still dredging the Yarra 

River to a design profile that provides additional flow area (see Attachment 1 for a fax from MWC on a 

previous job in 1995). 

3. The TWL for the event that generated the Designated Levels was much lower than the proposed 

design levels in the current scope (i.e. fixed TWL of 1.6 m AHD and 1.2 m AHD for the 100y and 5y 

ARI design events respectively). This raises the question of joint probability of bay levels and floods 

and perhaps also relates back to point 1. 

4.3 Recommendation/Conclusion 

As the preliminary results are so different to the current MWC Designated Levels it seemed appropriate that 

the potential implications of this be considered and that the project scope and assumptions be confirmed 

before the project proceeded. Following discussion with MWC it was decided that additional investigation 

should be undertaken to help understand the difference. To do this a quasi-verification of the model was 

proposed.  

MWC Designated Levels represent the best currently available flood information along the Lower Yarra and 

as such a quasi-verification of the model to this data was deemed appropriate. As MWC Designated Levels 

were derived from the 1934 event and a dredging regime was maintained at the time, it was decided a 

dredged profile along the Yarra should be added to the model to represent the additional flow capacity 

dredging would have provided during the event. Comparing these results to the MWC Designated Levels 

would then highlight the impact of the dredged profile and facilitate an assessment of whether other factors 

could be responsible for any remaining difference. 
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5.2 Model Scenarios 

Following finalisation of tidal curves and river bathymetry inputs, the 24 model scenarios shown in 

Table 3 (i.e. all combinations of variables represented) were run in TUFLOW (HPC GPU) for the 1 in 

100 year AEP 72 hour storm event. A definition of the variables for each scenario is also provided in 

Table 4 below. These results were then compared against the MW Designated Levels with the subset 

of these results marked in Table 3 presented in Figures A-D (see results in Section 5.3).  

Table 3 Full suite of scenarios run in TUFLOW and Summary of Plotted Results 

River profile Structures Flow 
Manning's Number of 

Scenarios 0.015 0.020 0.025 

Dredged 

Modelled 

High A1/C1   3 

Low  B1/D1  3 

Not modelled 

High   A2 3 

Low   B2 3 

Existing1 

Modelled 

High C2   3 

Low  D2  3 

Not modelled 

High    3 

Low    3 

Total Number of Modelled Scenarios 24 

Note: 
1 indicates these models were rerun based on model refinements relating to: 

  - application of bathymetry data along the Yarra River corridor 

  - representation of tidal boundary based on latest information from MWC 
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Table 4 Scenario Definitions 

Scenario Definition 

River profile 

Dredged 

Yarra River profile representing a likely 1934 dredging regime, using 

dredged profiles documented in “Attachment 1” and some agreed 

assumptions to provide a constant downhill grade along the Yarra 

River 

Existing 
Yarra River profile representing current conditions, using the latest 

bathymetry and survey data available 

Structures 
Modelled 

Structures modelled including:  

- Bridges crossing the Yarra River from MacRobertson Bridge to the 

Westgate Bridge 

- Piers along the river edge 

- CityLink bridge following the river edge (including sound walls) 

Not Modelled No structures modelled 

Flow 

High 

Yarra River flows obtained from the supplied Yarra River RORB 

model with a peak flow of 1475 m³/s (kc of 145). MWC current 

recommended flow. 

Low Yarra River flows obtained from an adjusted version of the supplied 

Yarra River RORB model with a peak flow of 1314 m³/s (kc of 180). 

Sensitivity flow for comparison to MWC Designated Levels. 

Manning’s 

0.015 Estimated lower bounds of Manning’s n roughness for main channel 

areas of Yarra River (this lower bound is based on physical 

properties of channel from aerial) 

0.020 Intermediate estimate of Yarra River Manning’s n roughness for main 

channel areas of Yarra River 

0.025 Estimated upper bounds of Manning’s n roughness for main channel 

areas of Yarra River (this upper bound is based on physical 

properties of channel from aerial) 

 

5.3 Results 

This section presents the results for the subset of scenarios identified in Table 3 using the following 

four figures: 

 Figures A & B (Figure 17 & Figure 18) show the selection of best-fit Manning’s values for a 

dredged river profile 

 Figures C & D (Figure 19 & Figure 20) show the application of these best-fit Manning’s values to 

the existing river profile. 

A brief discussion of each of these figures is presented below. A summary of the WSL results 

presented on each of the long sections is also provided in tabular format in Table 5. 

Figure A 

Figure A (Figure 17) presents model results along the Yarra River for the dredged river profile with 

high flows. The purpose of this figure is to identify the Manning’s value that produces results closest 

to the MW Designated Levels for the given combination of scenarios.  
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Table 5 Summary of WSL results along Yarra River 

  Event: 100 year 72 hour 

  River Profile: Dredged Dredged Dredged Dredged Existing Existing 

  Flow: High High Low Low High Low 

  Structures: Yes No Yes No Yes Yes 

  Manning’s: 0.015 0.025 0.02 0.025 0.015 0.02 

  
 

      

   PLOT ID FOR FIGURES A – D (Figure 17 - Figure 20) and Table 3 

Description Chainage 
MWC 100y WSL 

Contour (m AHD) 
A1/C1 A2 B1/D1 B2 C2 D2 

  15349 7.25 6.64 6.75 6.34 6.28 6.97 6.63 

  15138 - 6.57 6.68 6.26 6.20 6.91 6.57 

  14726 7 6.37 6.46 6.08 5.99 6.74 6.41 

US MacRobertson 14724 6.8 6.28 6.39 6.01 5.93 6.66 6.34 

DS MacRobertson 14698 6.5 6.23 6.37 5.97 5.91 6.61 6.30 

  14452 6.25 5.98 6.09 5.72 5.63 6.41 6.10 

  14220 - 6.09 6.18 5.81 5.70 6.50 6.18 

  13837 6 5.61 5.67 5.36 5.20 6.08 5.81 

  13638 5.6 5.34 5.38 5.13 4.97 5.88 5.62 

  13532 5.5 5.56 5.61 5.32 5.18 6.07 5.77 

  13326 5.25 5.23 5.23 5.03 4.84 5.77 5.51 

  12854 5 5.02 4.98 4.82 4.59 5.66 5.41 

US Church 12584 4.75 4.64 4.54 4.46 4.17 5.52 5.25 

DS Church 12560 4.6 4.49 4.55 4.34 4.18 5.41 5.16 

  12513 4.5 4.29 4.34 4.17 4.01 5.23 5.00 

US Cremorne 12282 4.05 4.21 4.28 4.08 3.95 5.20 4.96 

DS Cremorne 12234 3.85 4.22 4.33 4.08 4.00 5.18 4.94 

  12046 - 4.24 4.31 4.09 3.94 5.24 4.97 

  11792 - 3.98 4.03 3.85 3.67 4.97 4.71 

US Hoddle 11600 3.75 4.03 4.02 3.87 3.67 5.03 4.76 

DS Hoddle 11561 3.45 3.97 4.04 3.82 3.69 4.87 4.63 

  11395 - 3.83 3.90 3.71 3.57 4.68 4.47 

US Morell 11259 3.35 3.69 3.74 3.57 3.42 4.57 4.36 

DS Morell 11221 3.25 3.64 3.73 3.53 3.41 4.49 4.30 

  10843 3 3.33 3.36 3.25 3.05 4.34 4.12 

  10469 2.75 3.21 3.14 3.11 2.83 4.25 4.00 

US Swan 10397 - 3.24 3.16 3.12 2.85 4.25 4.00 

DS Swan 10332 - 3.21 3.11 3.09 2.80 4.22 3.98 

  10100 2.5 2.93 2.75 2.83 2.46 4.09 3.85 

  9692 2.25 2.89 2.52 2.73 2.27 4.00 3.72 

  9453 2.1 2.89 2.52 2.72 2.25 3.95 3.66 

US Prince 9396 - 2.82 2.47 2.66 2.21 3.91 3.63 

DS Prince 9326 - 2.75 2.45 2.60 2.19 3.80 3.53 

  9114 2 2.68 2.31 2.52 2.08 3.71 3.44 

US Southbank Ped 9090 - 2.68 2.31 2.52 2.08 3.73 3.46 

DS Southbank Ped 9067 - 2.59 2.31 2.44 2.08 3.61 3.37 

US Sandridge 8884 - 2.46 2.16 2.31 1.95 3.59 3.33 

DS Sandridge 8850 - 2.36 2.13 2.23 1.92 3.57 3.30 

US Queensbridge 8765 1.9 2.34 2.12 2.21 1.91 3.51 3.24 

DS Queensbridge 8730 - 2.33 2.14 2.20 1.92 3.36 3.14 

US Kings 8430 1.75 2.15 2.00 2.03 1.79 3.20 2.97 

DS Kings 8377 - 2.04 1.96 1.94 1.76 3.09 2.88 

  8237 1.6 2.05 1.92 1.93 1.73 3.03 2.82 

US Clarendon 8217 - 2.01 1.90 1.90 1.71 3.02 2.82 

DS Clarendon 8147 - 1.91 1.89 1.83 1.71 2.72 2.59 

US Seafarers 7827 - 1.63 1.54 1.58 1.47 2.17 2.08 

DS Seafarers 7802 - 1.52 1.48 1.49 1.46 2.03 1.95 

US Wurundjeri 7495 - 1.45 1.44 1.45 1.44 1.44 1.44 

DS Wurundjeri 7420 - 1.45 1.44 1.44 1.44 1.44 1.44 

  7384 - 1.43 1.44 1.43 1.44 1.43 1.43 

  6754 - 1.43 1.44 1.43 1.43 1.43 1.43 

  6339 - 1.43 1.43 1.43 1.43 1.43 1.43 

US Bolte Bridge 6019 - 1.43 1.43 1.43 1.43 1.43 1.43 

DS Bolte Bridge 5957 - 1.43 1.43 1.43 1.43 1.43 1.43 

Confluence with Moone Ponds Creek 5677 - 1.43 1.43 1.43 1.43 1.43 1.43 

  5337 - 1.43 1.43 1.43 1.43 1.42 1.42 

  4383 - 1.42 1.43 1.42 1.42 1.42 1.42 

Confluence with Maribyrnong River 3673 - 1.42 1.42 1.42 1.42 1.42 1.42 

US Westgate Bridge 2613 - 1.41 1.41 1.41 1.41 1.41 1.41 

DS Westgate Bridge 2512 - 1.41 1.41 1.41 1.41 1.41 1.41 

US Westgate Bridge 1674 - 1.41 1.41 1.41 1.41 1.41 1.41 

DS Westgate Bridge 633 - 1.40 1.40 1.40 1.40 1.40 1.40 
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5.4 Discussion 

For the modelled event (100 year ARI, 72 hour storm), looking at the dredged model results with structures 

and high flows applied (Figure A) a Manning’s of 0.015 seems to produce results closest to the MWC 

Designated Levels. This scenario resulted in the following general model differences to MW Designated 

Levels: 

 Minimal variance around Cremorne Rail Bridge. 

 Lower levels upstream of Cremorne Rail Bridge, with a maximum difference of over half a metre just 

upstream of Cremorne Rail Bridge. 

 Higher levels downstream of Cremorne Rail Bridge, with a maximum difference of nearly 1 metre at 

Princes Bridge. 

Utilising the “best fit” Manning’s ‘n’ value from the dredged scenario and applying to the existing scenario 

with structures modelled and high flows applied (Figure C) resulted in the following general model 

differences to MW Designated Levels: 

 Minimal variance at the upstream end of the model (around MacRobertson Bridge). 

 Increasing differences downstream of MacRobertson Bridge (modelled WSLs greater than Designated 

Levels), exceeding 1 metre at Cremorne Bridge and reaching a maximum of almost 2 metres at Princes 

Bridge. 

 Water levels downstream of Wurundjeri Way (beyond the extent of MWC Designated Levels) are 

dominated by tidal conditions. 

Given that both the existing and dredged “verification” results are so different to the current MWC 

Designated Levels it seems appropriate that the potential implications of this are considered and that the 

project scope and assumptions are confirmed before the project proceeds. Reasons for this variance may 

include the following: 

1. Designated Levels are based on observations from the 1934 flood that is generally considered greater 

than a 100 year ARI event (perhaps it was not greater than the 100 year ARI at this location). 

2. Design event hydrology does not simulate real event hydrology. 

3. The hydrologic model from which the 100 year ARI hydrographs were extracted may have 

represented an ARI in excess of the 100 year ARI due to rainfall likely not applying areal reduction 

factors (ARFs) and thus point storms are being applied throughout the catchment 

4. The adopted design hydrology may have been significantly adjusted to improve the fit of the HECRAS 

hydraulic model across a much larger extent of the Yarra River. 

5. While the river profile was altered to represent ‘dredged’ 1934 conditions, the surrounding terrain and 

structures have not been modified from those that represent ‘existing’ conditions to those that would 

represent conditions during the 1934 event 

6. The LiDAR used to define the ground surface around the Yarra River (not including the river 

bathymetry) may not be completely accurate and reliable. 
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5.5 Recommendation/Conclusion 

In discussions with Melbourne Water, GHD raised concerns that there were potential limitations in the 

hydrology and/or terrain that may be influencing the “verification” modelling results. Of particular concern 

were the following items: 

 The lack of Areal Reduction Factors (ARFs), which would increase volume and peak flows. 

 The adoption of RORB routing parameters to generate design hydrographs for use in TUFLOW (a 2D 

hydraulic model) based on ‘calibration’ of a HEC-RAS model (1D hydraulic model) – when we could 

adopt parameters based on ‘calibration’ of hydrologic flows using RORB. 

 A comparison of current LiDAR circa 2018 to that used for this Study circa 2009 shows some noticeable 

differences in levels that may influence results (particularly where overtopping levels are affected). 

However, MWC advised that they were comfortable with the current assumptions in the hydrology/hydraulics 

used for the “verification” modelling (refer to attached email train dated 6/9/2019) and that GHD should 

proceed with the required “design runs” with the main channel roughness that achieves results closest to the 

current MW designated levels. 

6 Initial Design Run Assumptions and Developments 

6.1 Model Setup and Assumption 

Based on outcomes of modelling discussed in Section 5, GHD commenced design run modelling with the 

general agreed setup shown in Figure 21 and the following parameters/assumptions: 

 Adopt provided MWC hydrologic models with assumptions as per Table 10 

 Adopt final model setup as per Section 6, with a Manning’s ‘n’ roughness of 0.015 for the major waterway 

areas. 
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Table 6 Hydrologic Assumptions 

Model 
Parameter Yarra River Maribyrnong River 

RORB Version 6.15 6.15 

Rainfall 
Stormfiles with variable IFD 

(adopted from 2016 Yarra River Study) 
ARR1987 IFD @ inbuilt “Keilor” location 

ARF 
None  
(adopted from 2016 Yarra River Study) 

None  
(for consistency with 2016 Yarra River Study) 

Kc 
145  
(adopted from 2016 Yarra River Study) 70 

m 0.8 0.8 

IL (mm) 

Varies with interstation area: 

 YarRv@YarGlen-DummyGS = 30 

 Catchment outlet = 15 

20 

Runoff 
Coefficient 

Varies with ARI: 

 100y = 0.60 

 50y  = 0.55 

 20y  = 0.50 

 10y  = 0.45 

 5y   = 0.40 

Varies with ARI: 

 100y = 0.6 

 50y  = 0.55 

 20y  = 0.45 

 10y  = 0.35 

 5y   = 0.25 

Climate 
Change 

Factored rainfall in stormfiles by 1.16 
to represent 16% increase as per 
latest Tech Spec 

Adjusted IFD parameters to increase rainfall 
intensity by 16% 
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6.2 Additional model changes required 

During the process of undertaking the “design runs”, GHD discovered a number of issues with the coding in 

the TUFLOW software that required changes or simplifications to the modelling approach to achieve a stable 

model result. The following changes were required after much testing and discussion with TUFLOW Support: 

 Remove “SMS Triangles” output format as this was not compatible with traditional flow constrictions; 

 Adjust model setup to allow for modelling of tidally influenced areas upstream of Study Area (see revised 

model setup in Figure 21): 

– Add “HX” lines and 1d_nodes to upstream end of three tributaries with inflows to represent storage 

upstream of the Study Area and reduce potential sloshing off code boundary 

– Alter downstream code boundary to avoid undulating terrain and converted non-Yarra River boundary 

conditions to “HQ” – i.e. only tidal boundary is on Yarra River 

– Run model for a period (choose 36 h) prior to event starting to set up initial conditions based on a 

typical tidal cycle (i.e. enables the model to establish an appropriate initial water surface profile along 

the Yarra River) 

 Removed traditional “flow constriction” and “cell width reduction” layers from models as these layers 

couldn’t handle the range of depths present in the model and were generating corrupt or erroneous 

results. 

6.3 MW review of “Design Run” results 

Following delivery of the “design run” results, MW reviewed the results in more detail and became concerned 

with the level of overtopping around Southbank (which were outside the current assigned mapping limit) and 

the difference in the modelled levels with both the current designated and historic 1934 flood levels.  This 

review was undertaken by a new project manager at MW who observing that the modelled levels were 

considerably higher than expected recommended undertaking some model refinements to gain greater 

confidence in levels outside the tidally influenced confines of the lower Yarra River,.  There was also concern 

over the current directive to model a 100 year ARI with a 100 year bay level given the joint probabilities of 

these events. 

7 Southbank Overflow Refinement Modelling 

7.1 Modelling Overview 

After discussion regarding the initial design runs, it was decided that additional effort should be made to 

refine the models representation of the overflow area along Southbank.  This refinement focussed on 

adopting details from the following existing local models, which were adjusted as required for the different 

grid size and alignment: 

 Fisherman’s Bend; 

 Southbank.  

The key changes to the model used for the ‘design runs’ were as follows: 

1. The use of a different terrain model in the Southbank model area; 

2. The introduction of additional terrain modifications from local models, in particular the: 

o The surveyed level along the southern Yarra River bank (stretching from St Kilda Road to 

just east of the Bolte Bridge); 

o The level defining the spill elevation into the Southbank City Link tunnel portal. 

3. The review and refinement of the catchment roughness (materials layer). 
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4. The adoption of an alternate boundary condition arrangement with the 100 year ARI flood event being 

matched with a 10 year tidal bay level to match assumptions of local modelling and simplistically 

considers the joint probability concerns.  

Considering that we are trying to understand impact of flooding emanating from the Yarra River spilling, it 

was agreed that the local drainage should not be added as this is likely to be heavily influenced by the 

presence of non-return mechanisms and/or pump stations that may restrict or alter the magnitude and timing 

of back flow.  

After some initial runs, the concerns with the current hydrology outlined in Section 5.5 were revisited and 

some models with alternate hydrology were run as discussed further below. 

7.2 Model Scenarios 

Based on all the previous discussions and validation modelling the scenarios defined in Table 7 were 

ultimately run for this model configuration using “HPC on GPU” engine in TUFLOW to facilitate a more 

efficient comparison of scenarios. A comparison of the modelled inflows and the change in downstream 

boundary conditions for these models are also presented in Figure 22 and Figure 23 respectively. These 

scenarios were run in three phases as highlighted in Table 7, with the scope of the next phase being defined 

based on discussion of results of the previous phase 

7.3 Results and Discussion 

The results of the three phases of modelling undertaken at this stage are presented in detail as Attachments 

4 – 6, but can be summarised as follows: 

 Phase 1 

– Results showed that model refinements did reduce the flood extent in the Southbank area, but there 

was still some substantial differences in results between the local models and significant inflow to the 

City Link tunnel portal in this area which was of concern as this was not previously thought to occur 

(see Figure 24). Refer to Attachment 4 for all presented results. 

– After discussing the results in detail, it was jointly agreed that the concerns over the hydrology should 

be revisited with some new model runs and that the output of these runs should also be compared to 

1934 historic level points. 

 Phase 2 

– Results showed that the alternate hydrology brought the modelled flood levels along the Yarra River 

more in line with historic levels (see Figure 25) and reduced, but didn’t eliminate inflows to City Link 

tunnel portal in Southbank. Refer to Attachment 5 for all presented results. 

– After discussing the results in detail, it was jointly agreed that the river roughness should be re-

considerred against historic levels using the alternate hydrology that uses the Kc parameter from MW 

work prior to “2010 - SP Goh & Associates Study” and applies Areal Reduction Factors (ARFs).  This 

would reduce concern that current river roughness was at the extreme smooth end of values that 

could be justified based on literature. 

 Phase 3 

– Results showed that a number of roughness could provide results that are fairly consistent with MW’s 

understanding of the relative magnitude of the 1934 flood (see Figure 26). There was however 

discussion over a change in the fit at around Chainage 12,500 and why this might be occurring (such 

as limitations of the current upstream simplification of inflow application and the representation of 

available storage upstream. 
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Table 7 Overflow Refinement Model - Modelled Scenario Definitions 

Phase Runs Hydrology 
Yarra River 
Inflow (m³/s) 

Yarra River Inflow 
Volume (m³) 

Downstream Tailwater 
Level (TWL) 

River Roughness 
(Manning’s ‘n’) 

1 1 
Base 1% AEP (Kc=145 w/o ARFs)1 
[Solid blue line on Figure 22] 

1475 517,000,000 1% AEP Tide 0.015 

1 2 
Base 1% AEP (Kc=145 w/o ARFs)1 
[Solid blue line on Figure 22] 

1475 517,000,000 10% AEP Tide 0.015 

2 3 
Base 1% (Kc=237 w/o ARFs)2 
[Solid orange line on Figure 22] 

1115 517,000,000 10% AEP Tide 0.015 

2 4 
Base 1% AEP (Kc=180 w/ ARFs)3 
[Solid green line on Figure 22] 

1091 432,000,000 10% AEP Tide 0.015 

2 5 
CC 18.5% 1% AEP (Kc=145 w/o ARFs) 1 
[Dashed blue line on Figure 22] 

1792 621,000,000 10% AEP SLR Tide 0.015 

2 6 
CC 18.5% 1% AEP (Kc=237 w/o ARFs) 2 
[Dashed green line on Figure 22] 

1352 621,000,000 10% AEP SLR Tide 0.015 

2 7 
CC 18.5% 1% AEP (Kc=180 w ARFs) 3 
[Dashed green line on Figure 22] 

1293 509,000,000 10% AEP SLR Tide 0.015 

3 8 Base 1% AEP (Kc=180 w/ ARFs) 3 1091 432,000,000 10% AEP Tide 0.020 

3 9 Base 1% AEP (Kc=180 w/ ARFs) 3 1091 432,000,000 10% AEP Tide 0.025 

3 10 Base 1% AEP (Kc=180 w/ ARFs) 3 1091 432,000,000 10% AEP Tide 0.030 

3 11 CC 18.5% 1% AEP (Kc=180 w ARFs) 3 1293 246,000,000 10% AEP SLR Tide 0.020 

3 12 CC 18.5% 1% AEP (Kc=180 w ARFs) 3 1293 246,000,000 10% AEP SLR Tide 0.025 

3 13 CC 18.5% 1% AEP (Kc=180 w ARFs) 3 1293 246,000,000 10% AEP SLR Tide 0.030 

3 14 CC 18.5% 10% AEP (Kc=145 w/o ARFs)1 831 291,000,000 10% AEP SLR Tide 0.015 

3 15 CC 18.5% 10% AEP (Kc=180 w ARFs) 3 616 246,000,000 10% AEP SLR Tide 0.020 

3 16 CC 18.5% 10% AEP (Kc=180 w ARFs) 3 616 246,000,000 10% AEP SLR Tide 0.030 

Note: 
1 indicates that the Kc parameter is based on calibration to flood levels using HEC-RAS from “2010 - SP Goh & Associates Study”, which didn’t use ARFs. 
2 indicates that the Kc parameter is based on calibration to gauge flows from “2010 - SP Goh & Associates Study” , which didn’t use ARFs 
3 indicates that the Kc parameter is based on MW work prior to “2010 - SP Goh & Associates Study”, but with the application of ARFs 
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Figure 26 Phase 3 Model Refinement – Yarra River Long-Section comparison to historic levels 
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7.4 Recommendation/Conclusion 

Based on the results of this phase of model refinements, it was jointly agreed that the model should be 

extended upstream along the Yarra River using data from an existing TUFLOW model developed for the 

North East Link Project (NELP) and then filling in the gap between the models. This extension of the model 

will remove or at the very least reduce the magnitude of potential boundary condition effects on results and 

facilitate a greater understanding of the impact of assumptions like the assumed roughness of the waterway 

over a greater distance of the Yarra River and the associated “Validation against 1934 flood levels.  

 

For this work to take place MW would need to get approval from NELP team to utilise the ‘existing conditions’ 

model and provide GHD with details of the missing structures between the upstream limit of the Lower Yarra 

River model and the downstream limit of the NELP model. 

8 Extension of model further up Yarra River 

8.1 Modelling Overview 

Based on outcomes of the Southbank Overflow model refinements, the model was extended to include the 

Yarra River all the way to the upstream limit of the NELP “existing conditions” model near the confluence 

with Plenty River.  Following agreement from NELP, this process involved the following key changes: 

 Extended code boundary and adding terrain sources from both models adopting grid orientation from 

Lower Yarra River model; 

 Merge materials layers from models and create one river materials layer that allows for consistent 

modification of river roughness; 

 Adjusting terrain modifications and any 1d elements from ‘existing” conditions NELP model to suit new 

grid orientation; 

 Modifying inflow application so that tributary inflows and subarea inflows for the Yarra River are applied 

incrementally with the agreed revised parameters (i.e. Kc of 180- with ARFs); and 

 Adding terrain, initial conditions and structure details for the following features within the “existing 

conditions” NELP model or between it and Lower Yarra River models: 

– Yarra River thalweg. 

– Dights Falls (including upstream initial water level pond). 

– A preliminary representation of additional bridges and structures across the river, including:

o Monash Freeway. 

o Chandler Highway. 

o Eastern Freeway. 

o Bridge Road. 

o Hawthorn Rail Bridge. 

o Wallen Road. 

o Heyington Rail Bridge. 

o Banksia Street  

o Main Yarra Trail (x3) and Darebin 

Creek Trail shared user path 

(SUP) bridges. 

o Fairfield Pipe Bridge. 

o Kanes Bridge 

o Johnston Street. 

o Barkers Road.

The setup of the extended model is also summarised in Figure 27, which highlights the new extent of the 

model and the key features/inputs of this new model. 

After some initial runs, the extended model setup was tested with TUFLOW Classic and then with 

TUFLOW’s new ‘Sub-Grid Sampling’ (SGS) functionality due to the apparent differences with the previous 

“HPC on GPU” results, as well as the historical 1934 flood levels and current MW designated levels. 
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8.2 Model Scenarios 

Based on all the previous discussions and validation modelling the scenarios defined in Table 8 were 

ultimately run for this model configuration. A comparison of the modelled inflows and the change in 

downstream boundary conditions for these models are also presented in Figure 22 and Figure 23 

respectively in Section 7.2. These scenarios were run in several phases as summarised in Table 8, with the 

scope of subsequent phases being defined based on discussion of results of the previous phase(s) 

Table 8 Extended Model - Modelled Scenario Definitions 

Phase Run 
Hydrology

1 

Yarra 
River 
Inflow  
(m³/s) 

Yarra River 
Inflow 

Volume  
(m³) 

Downstream 
Tailwater 

Level  
(TWL) 

River 
Roughness 
(Manning’s 

‘n’) 

TUFLOW Engine 

1 1 
Base  

1% AEP 
1091 432,000,000 10% AEP Tide 0.020 HPC (DP) 

1 2 
Base  

1% AEP 
1091 432,000,000 10% AEP Tide 0.025 HPC (DP) 

1 3 

CC  
1% AEP 
(18.5% 

increased 
intensity) 

1293 246,000,000 
10% AEP  
SLR Tide 

0.020 HPC (DP) 

1 4 

CC  
1% AEP 
(18.5% 

increased 
intensity) 

1293 246,000,000 
10% AEP  
SLR Tide 

0.025 HPC (DP) 

2 5 
Base  

1% AEP 
1091 432,000,000 10% AEP Tide 0.025 Classic 

2 6 
Base  

1% AEP 
1091 432,000,000 10% AEP Tide 0.025 HPC (SP) 

2 7 
Base  

1% AEP 
1091 432,000,000 10% AEP Tide 0.025 

SGS 
(Default -  

SGS Partial Grid 
Update Null Frac == 

0.1, 0.9) 

3 8 
Base  

1% AEP 
1091 432,000,000 10% AEP Tide 0.025 

SGS 
(SGS Partial Grid 

Update Null Frac == 
0.6, 0.6) 

3 9 
Base  

1% AEP 
1091 432,000,000 10% AEP Tide 0.025 

SGS 
(SGS Partial Grid 

Update Null Frac == 
0.1, 0.1) 

Note: 
1 indicates that the Kc parameter is based on MW work prior to “2010 - SP Goh & Associates Study”, but with the  
  application of ARFs 
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8.3 Results and Discussion 

The results of the three phases of modelling are summarised as follows: 

 Phase 1 

– Results showed that model extension generally brought flood levels down relative to the smaller 

model, which allows for more characteristic roughness values to be utilised to see reasonable 

correlation with the historic levels along the full length of the model. The results also showed that the 

hydrology based on Kc of 180 with ARFs were generally more realistic in the TUFLOW model than 

the parameters adopted by MW from their recent work on the Yarra River using HECRAS as 

documented in Section 5. The full results are presented in Attachment 5, with the key output 

summarised by the long-section plot presented in Figure 28. 

– After discussing the results in detail, it was jointly agreed that the model adopting a river roughness 

of 0.025 should be used for a test of TUFLOW Classic engine and that the output of these runs 

should also be compared to those from the “HPC on GPU” run. 

 Phase 2 

– Afflux results for a test model of the 1% AEP run with TUFLOW’s “Classic” engine compared to the 

“HPC on GPU” run are presented in Figure 29. This plot shows that the TUFLOW “Classic” results 

are substantially different to the “HPC on GPU” results, which raises questions over the validity of 

this engine for production (or design) runs given the now poor fit with historic levels. 

– After discussing the results in detail, it was jointly agreed that the model should be re-run with the 

new ‘Sub-grid Sampling’ (SGS) functionality – which has been shown for deeper flows relative to grid 

size, through benchmarking and calibration on Brisbane River, to provide greater correlation with 

TUFLOW Classic results than HPC alone, and more importantly, greater correlation with real world 

examples (flume tests and flood events). It was agreed that the “SGS” test model should adopt 

default settings and a sampling size of 2 m (or 1/5 of the cell size). 

 Phase 3 

– The results of the “SGS” modelling is presented in Figure 30, which shows that the results with SGS 

enabled provide a better fit than the TUFLOW “Classic” engine results compared to the historic 

levels. The “SGS” levels were lower than the “HPC on GPU” runs that were used to test the 

hydrology, model extent and roughness – but through discussions with MW were deemed the most 

appropriate because it is anecdotally believed that the 1934 historic levels are higher than the 1% 

AEP in this area.   
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8.4 Recommendation/Conclusion 

Based on the results of this phase of model refinements, it was jointly agreed that following model 

assumptions should be used for the “design runs” for flood mapping purposes: 

 Extended TUFLOW model. 

 TUFLOW “HPC on GPU” engine with the SGS functionality enabled (default settings with sampling size 

of 2 m). 

 Hydrology based on MW’s previously adopted Kc value of 180 and the application of ARFs (assuming 

area upstream of mapping limit). 

 Adopting a Manning’s ‘n’ value of 0.025 for major waterways. 

 Revised “design run” model scenarios as per Table 9, which includes altered downstream boundary 

conditions.  

Table 9 Revised “Design Run” Definitions 

Run ID Scenario Hydrology TWL 

1 Base Case (A) 1% AEP 10% AEP Tide 

2 Base Case (A) 2% AEP 10% AEP Tide 

3 Base Case (A) 5% AEP 10% AEP Tide 

4 Base Case (A) 10% AEP 10% AEP Tide 

5 Base Case (A) 20% AEP 20% AEP Tide 

6 Climate Change 1 (CC_B) 1% AEP 10% AEP SLR Tide 

7 Climate Change 2 (CC_C) 1% AEP Climate Change 
(18.5% increase intensity) 

10% AEP SLR Tide 

8 Climate Change 2 (CC_C) 5% AEP Climate Change 
(18.5% increase intensity) 

10% AEP SLR Tide 

9 Climate Change 2 (CC_C) 10% AEP Climate Change 
(18.5% increase intensity) 

10% AEP SLR Tide 

10 Climate Change 2 (CC_C) 20% AEP Climate Change 
(18.5% increase intensity) 

20% AEP SLR Tide 

11 Climate Change 3 (CC_D) 1% AEP Climate Change 
(18.5% increase intensity) 

10% AEP Tide 

12 Climate Change 3 (CC_D) 10% AEP Climate Change 
(18.5% increase intensity) 

10% AEP Tide 

13 Climate Change 3 (CC_D) 20% AEP Climate Change 
(18.5% increase intensity) 

20% AEP Tide 
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9 Final Design Run Developments 

Based on outcomes of modelling discussed in Section 8, GHD commenced design run modelling with the 

agreed setup and upon processing results found that the default ‘SGS’ settings resulted in the ‘2DM’ having 

some holes in it that prevented results being recorded at a number of locations across the model. With 

agreement from MW, the model files were sent to TUFLOW Support who agreed there was an issue and 

recommended that we adjust the default settings of how the ‘SGS’ functionality treats partially covered cells 

using the “SGS Partial Grid Update Null Frac” command in the *.tgc file. This command is explained in 

2020 TUFLOW Release Notes, but in essence tells TUFLOW what to do with cells only partially covered by 

the terrain model (or DEM) being processed, with the two numbers representing a lower and upper bound 

for the null fraction (i.e. the fraction of cell not covered by the DEM currently being processed).  The ‘SGS’ 

function does the following based on these numbers (extracted from 2020 TUFLOW Release Notes – BMT, 

2020): 

 “If the null fraction is below the lower limit, TUFLOW applies the values from the new DEM”; 

 “If the null fraction is between the lower and upper limits, update the null value from current ZC ZU ZV 

and ZH values. “the cell are interpolated from current Zpts (ZU, ZV, ZH & ZC)”; and  

 “If the null fraction is higher than the upper limit, do not update the Zpt.” 

As part of their investigation into the issue TUFLOW Support indicated that the default values of “0.1,0.9” 

for the “SGS Partial Grid Update Null Frac” command should be altered to either of the following depending 

on what terrain source we wanted to take priority: 

 “0.6,0.6” – this would give preference to elevations from earlier read in terrain sources; or 

 “0.1,0.1” – this would give preference to elevations from the terrain source currently being processed. 

 

The following is a summary of our approach and initial thoughts on the most appropriate approach to 

adjusting the default settings for the “SGS Partial Grid Update Null Frac” command as described above: 

 Our initial thoughts were to adopt the “0.6, 0.6” on the basis that it favoured the last read in terrain, 

which reflects the inherent confidence in that terrain selected during the model build. This showed the 

afflux in Figure 31 and Figure 32 for the terrain and WSL respectively.  

 Given the afflux from above models and the fact that this is a new and untried functionality - we then 

tested the other approach (values of “0.1, 0.1”) to understand the implications on the results. This 

showed the afflux in Figure 33 and Figure 34 for the terrain and WSL respectively.  

 Upon reviewing the results and some reflection we then favoured the “0.1, 0.1” approach because the 

differences stem from changes in terrain at the interfaces of the terrain sources and the biggest area of 

change is that between the LiDAR and bathymetry. The interface between the LiDAR and bathymetry 

is typically high on the river bank, which is generally well covered by LiDAR and actually likely to be 

more representative when you consider the bathymetry terrain was largely formed from cross section 

data that has outer banks represented by a sparse set of points relative to LiDAR data points in this 

area. 

 It was also noted that both changes to default settings increase the water level within the Yarra River 

and hence improve correlation with our understanding of the 1% AEP levels compared to the historic 

1934 flood levels, but the “0.1,0.1” set seemed to provide the best fit.  

After discussing the results with MW, it was decided that the design runs should adopt the “0.1,0.1” setting 

for the “SGS Partial Grid Update Null Frac” command. 
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Unfortunately, some of the other design runs not used in the sensitivity testing phase described above went 

unstable with this parameter set at various points within the model run – sometimes in the initial tidal 

wetting phase and others part way into the modelled storm event. Given that this wasn’t occurring in all 

runs and a quick review of TUFLOW’s interpretation of the terrain didn’t identify any major concerns, it was 

agreed with Melbourne Water that the “0.6,0.6” setting for the “SGS Partial Grid Update Null Frac” 

command could be used instead. This was tested with the problematic design runs and these runs ran 

through to completion with no problematic errors to report – and was hence adopted for the final design 

runs. 
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10 Conclusion 

Based on the outcomes of this modelling, it was agreed that the following parameters should be used for 
the final “design run” models: 

 Adopt provided MWC hydrologic models with assumptions as per Table 10 

 Adopt final model setup as per Figure 27 in Section 8, with a Manning’s ‘n’ roughness of 0.025 for the 
major waterway areas. 

 Adopted TUFLOW “HPC on GPU” engine with sub-grid sampling (SGS) functionality enabled with the 
following settings as confirmed in Section 9: 

– “SGS Sample Distance == 2” – a command that sets the sub-grid sampling to a size of 2 m. 

– “SGS Partial Grid Update Null Frac == 0.6, 0.6” – a command that stipulates how terrain is to be 
treated for partially covered cells. These parameters are reduced from defaults of “0.1, 0.9” to 
remove holes from DEM and give preference to terrain from the later terrain sources as indicated by 
TUFLOW Support. This was required as prioritising earlier data sources (our original preferred 
approach) resulted in some model runs becoming unstable. 

Table 10 Hydrologic Assumptions 

Model Yarra River Maribyrnong River 

RORB 
Version 

6.45 6.45 

Rainfall 
Stormfiles with variable IFD 
(adjusted version of those adopted from 2016 Yarra 
River Study area due to application of ARFs) 

ARR1987 IFD @ inbuilt “Keilor” location 

ARF 
Yarra catchment area  
(Assumed area = 3,870 km²) 

Yarra catchment area 
(Assumed area = 3,870 km²) 

Kc 
180  
(MW assumed value prior to 2016 Yarra River 
Study) 

70 

m 0.8 0.8 

IL (mm) 

Varies with interstation area: 

 YarRv@YarGlen-DummyGS = 30 

 Catchment outlet = 15 

20 

Runoff 
Coefficient 

Varies with ARI: 

 100y = 0.60 

 50y  = 0.55 

 20y  = 0.50 

 10y  = 0.45 

 5y   = 0.40 

Varies with ARI: 

 100y = 0.6 

 50y  = 0.55 

 20y  = 0.45 

 10y  = 0.35 

 5y   = 0.25 

Climate 
Change 

Factored rainfall in stormfiles by 1.185 to represent 
18.5% increase as per latest Tech Spec 

Adjusted IFD parameters to increase 
rainfall intensity by 18.5% 

Regards 

Peter Woodman 
Senior Environmental Engineer 
61 3 8687 8351 
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Figure ϯ. Eǆaŵple of eǆteŶded tide Đurve froŵ SkǇe KariŶgal Flood MappiŶg projeĐt 
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Table 1  Comparison Point Locations 

ID Description 

Peak 100y ARI WSL w/ 100y Tide Peak 100y ARI WSL w/ 10y Tide 

Original Lower 

Yarra River Model 

Overflow Refinement 

Lower Yarra River Model 

Fishbend 

Model 

Overflow Refinement 

Lower Yarra River 

Model 

Southbank 

Model 

Fishbend 

Model 

1 Yarra River 1 (US) 4.48 4.22 - 4.19 2.14 - 

2 Yarra River 2 3.84 3.31 - 3.25 1.74 - 

3 Yarra River 3 2.29 2.34 - 2.09 2.14 - 

4 Yarra River 4 2.27 2.29 - 2.04 - - 

5 Yarra River 5 (DS) 2.29 2.29 - 2.04 - - 

6 South Bank Pond 3.67 2.72 - 2.69 1.28 - 

7 Sth Park St 3.68 2.61 - 2.58 - - 

8 Fwy\Montague St 2.36 2.20 2.25 2.08 - 1.82 

9 Lorimer St \ Boundary St 2.27 2.28 2.25 2.03 - 1.82 

10 Approx. Boundary St \ Gittus St 2.37 2.20 2.25 2.08 - 1.82 

11 Approx. Buckhurst St \ George St 3.10 2.44 2.13 2.41 - 1.89 

12 Approx. Heath St \ Raglan St 2.58 2.21 - 2.19 - - 

13 Edwards Park 2.53 2.20 - 2.18 - - 

14 Approx. St Vincent St \ Iffla St 2.53 2.20 - 2.18 - - 
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Table 1 Modelled Scenarios 

Runs Flows DS TWL Plot Legend 

1 Base 1% AEP (Kc=145 w/o ARFs) - blue line 10% AEP Tide Current (Kc145) 

2 Base 1% AEP (Kc=180 w/ ARFs) - orange line 10% AEP Tide Kc180 

3 Base 1% (Kc=237 w/o ARFs) - grey line 10% AEP Tide Kc237 

4 CC 18.5% 1% AEP (Kc=145 w/o ARFs) 10% AEP SLR Tide Current CC18p5 (Kc145) 

5 CC 18.5% 1% AEP (Kc=180 w/ ARFs) 10% AEP SLR Tide Kc180_CC18p5 

6 CC 18.5% 1% AEP (Kc=237 w/o ARFs) 10% AEP SLR Tide Kc237_CC18p5 

Results Presented 

 Figure 1  -> Compartison of Yarra River inflow

 Figure 2 -  Figure 7 -> WSL Plots

 Figure 8 -> Long-section along Yarra River

 Table 2 & Figure 9 -> Model Comparison Points

 Table 3 & Figure 10 -> 1934 Historic Level Comparison Points

 Figure 11 & 12 and Table 4 -> City Link Tunnel flows and volumes

 Figure 13 -> River roughness sensitivity results (previous modelling)





























 

Figure 8 Comparison of WSL Long-Section along Yarra River 



Table 2 Comparison Point Locations – Base 100y Flows with 10y Tide 

ID Description 
1% AEP w/ 1% AEP SLR Tide 1% AEP w/ 10% AEP Tide 1% AEP w/ 10% AEP SLR Tide 

Current (Kc=145) Current (Kc=145) Kc=237 Kc=180 (incl. ARF) Current (Kc=145) Kc=237 Kc=180 (incl. ARF) Fishbend Southbank 
1 Yarra River 1 (US) 4.22 3.48 2.60 2.55 4.19 3.43 3.31 - 2.14 
2 Yarra River 2 3.45 2.81 2.10 2.06 3.40 2.89 2.81 - 2.14 
3 Yarra River 3 2.34 1.24 1.20 1.20 2.09 2.06 2.05 - 2.14 
4 Yarra River 4 2.29 1.19 1.18 1.18 2.04 2.03 2.03 - - 
5 Yarra River 5 (DS) 2.29 1.19 1.18 1.18 2.04 2.03 2.03 - - 
6 South Bank Pond 2.72 2.31 - - 2.69 2.36 2.30 - 1.28 
7 Sth Park St 2.61 - - - 2.58 - - - - 
8 Fwy\Montague St 2.20 - - - 2.08 1.80 1.79 1.82 - 
9 Lorimer St \ Boundary St 2.28 - - - 2.03 1.83 1.83 1.82 - 

10 Approx. Boundary St \ Gittus St 2.20 1.53 - - 2.08 1.80 1.70 1.82 - 
11 Approx. Buckhurst St \ George St 2.44 2.13 - - 2.41 2.21 1.91 1.89 - 
12 Approx. Heath St \ Raglan St 2.21 - - - 2.19 - - - - 
13 Edwards Park 2.20 - - - 2.18 - - - - 
14 Approx. St Vincent St \ Iffla St 2.20 - - - 2.18 - - - - 

 

 

Figure 9 Location of Comparison Points 



Table 3 Comparison Point Locations – Climate Change (18.5% increased intensity) 100y Flows with 10y SLR Tide 

ID 
1934 Flood 

Level 

1% AEP w/ 1% AEP SLR 

Tide 
1% AEP w/ 10% AEP Tide 1% AEP w/ 10% AEP SLR Tide 

Current (Kc=145) Current (Kc=145) Kc=237 Kc=180 (incl. ARF) Current (Kc=145) Kc=237 Kc=180 (incl. ARF) 

HL1 3.59 5.80 4.85 3.67 3.61 5.78 4.62 4.39 

HL2 3.83 5.83 4.89 3.75 3.69 5.81 4.66 4.45 

HL3 4.58 5.93 5.03 3.88 3.83 5.90 4.80 4.59 

HL4 4.74 5.97 5.04 3.90 3.84 5.95 4.82 4.61 

HL5 1.52 2.29 1.19 1.18 1.18 2.04 2.03 2.03 

HL6 0.64 2.29 1.19 1.18 1.18 2.04 2.03 2.03 

HL7 1.76 2.46 - - - - - - 

HL8 1.13 2.46 - - - - - - 

HL9 1.83 2.46 - - - 2.24 - - 

HL10 1.37 2.46 - - - 2.24 - - 

HL11 1.11 3.15 2.50 1.88 1.85 3.08 2.66 2.59 

HL12 1.88 3.47 2.84 2.11 2.07 3.42 2.91 2.83 

HL13 3.26 4.86 4.05 3.15 3.10 4.83 3.92 3.79 

HL14 3.23 5.05 4.19 3.24 3.18 5.02 4.04 3.89 

HL15 3.22 5.05 4.19 3.24 3.18 5.02 4.04 3.89 

HL16 3.38 5.23 4.36 3.36 3.31 5.21 4.19 4.03 

HL17 3.74 5.51 4.52 3.43 3.38 5.49 4.31 4.13 

HL18 6.5 7.31 6.34 4.93 4.85 7.29 5.98 5.72 

HL19 5.28 - - - - - - - 

HL20 5.56 6.83 5.84 4.43 4.36 6.81 5.50 5.23 

HL21 6.5 7.36 6.38 4.97 4.88 7.34 6.02 5.76 

HL22 1.87 3.44 2.80 2.09 2.06 3.39 2.88 2.80 

HL23 3.83 5.80 4.85 3.67 3.61 5.78 4.62 4.39 

HL24 4.09 5.83 4.89 3.75 3.69 5.81 4.66 4.45 

HL25 4.64 5.93 5.03 3.88 3.83 5.90 4.80 4.59 

HL26 6.08 6.84 5.85 4.40 4.32 6.82 5.51 5.23 

HL27 7.03 7.03 6.07 4.68 4.60 7.02 5.72 5.46 

HL28 1.61 3.15 2.50 1.88 1.85 3.08 2.66 2.59 

HL29 6.79 7.36 6.38 4.97 4.88 7.34 6.02 5.76 

HL30 4.66 5.93 5.03 3.88 3.83 5.90 4.80 4.59 

HL31 5.27 5.96 - - - 5.96 - - 

HL32 3.22 4.86 4.05 3.15 3.10 4.83 3.92 3.79 

HL33 2.06 4.22 3.48 2.61 2.56 4.18 3.43 3.31 

HL34 3.82 5.43 4.40 3.33 3.28 5.41 4.21 4.01 

HL35 3.83 5.48 4.46 3.35 3.30 5.46 4.26 4.03 

HL36 3.74 5.33 4.46 3.42 3.36 5.31 4.27 4.10 

HL37 3.83 5.72 4.81 3.79 3.74 5.70 4.65 4.49 

HL38 1.52 2.29 1.19 1.18 1.18 2.04 2.03 2.03 

HL39 3.31 4.86 4.05 3.15 3.10 4.83 3.92 3.79 

HL40 3.82 5.51 4.52 3.43 3.38 5.49 4.31 4.13 

HL41 3.36 5.05 4.19 3.24 3.18 5.02 4.04 3.89 

HL42 5.55 - - - - - - - 

HL43 1.67 3.45 2.83 2.15 2.12 3.40 2.90 2.82 

HL44 5.59 6.84 5.88 4.58 4.50 6.82 5.57 5.32 

 

 

 



 

Figure 10 Location of 1934 Historic Flood Levels 







Table 4 Southbank City Link Tunnel Portal Flows & Volumes 

Scenario Peak Flow (m³/s) Peak Volume (m³) 

Current CC18p5 (Kc=145) - 1% AEP SLR Tide -292.03 -51,296,280 

Current CC18p5 (Kc=145) - 10% AEP SLR Tide -270.58 -46,754,266 

Kc=237 CC18p5 - 10% AEP SLR Tide -104.48 -14,283,613 

Kc=180 CC18p5 (incl. ARF) - 10% AEP SLR Tide -83.89 -9,027,424 

Current (Kc=145) - 10% SLR Tide -87.37 -9,669,632 

Kc=237 - 10% AEP Tide 0 0 

Kc=180 (incl. ARF) - 10% AEP Tide 0 0 
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Attachment 7
Phase 1 Model Extension Result Memo
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Appendix B – Inflow Hydrographs 
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REMAINING FIGURES WILL BE ADDED IN A FUTURE REVISION. 
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Appendix C – Tidal Curves 

Content 

10y & 5y Tidal Boundary 
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Appendix D – Bridge Modelling Approach 

 

  



1. Introduction 

1.1 Background 

Following previous investigation by GHD, a refined bridge modelling approach was developed to 
better represent bridges in TUFLOW that cross waterways. Due to the hydraulic importance of 
bridge structures in the Lower Yarra River model, this modelling approach has been adopted for 
this project for such structures within the Study Area.  Outside the Study Area, a slightly less 
detailed approach was adopted to represent the more significant structures given that these 
were an extension of the model for “verification” and not flood mapping purposes. 

 

1.2 Purpose 

This appendix provides: 

 An explanation of the need for the refined methodologies for modelling bridge losses, 

 The basis of separate deck and pier polygons within the Study Area, 

 FLC weighting options and adopted approach in TUFLOW, and 

 An overview of the methodology for estimating an adjusted FLC parameter. 

  



2. Refinement of Existing Bridge 
Modelling Techniques 

2.1 Need for refinement of hydraulic analysis 

The TUFLOW model is well suited to flood mapping of the Lower Yarra River. It is however 
limited in its ability to explicitly model bridge losses, relying on parameters and approaches 
investigated and documented by the Federal Highway Administration and several Universities 
and road authorities in the publication Hydraulics of Bridge Waterways (Bradley 1978).  

Given that bridge losses are a significant aspect of this investigation, their estimation is an 
important outcome and it was decided that the approach warranted a refined approach. The 
methodology documented below improves the representation of these characteristics relative to 
coarser more conventional approaches and is thus better able to represent existing bridge 
structures. 

 

2.2 The basis of separate deck and pier polygons 

The modelling approach taken to represent bridges crossing the waterways was determined in 
previous projects by testing the relative effectiveness of several different modelling approaches. 
These approaches included modelling: 

 a cross-section averaged bridge with form loss and blockage calculated for the entire 
bridge span and  

 a bridge split up to represent pier and deck polygons individually with application of 
blockage and form losses varied between different scenarios.  

References such as the TUFLOW manual, Modelling Bridge Piers in 2D using TUFLOW 
(TUFLOW 2013) and Cell Based Modelling of Bridge Piers Using TUFLOW (Vienot, Sexton and 
McNulty 2011) were considered and discussed in determining our approach. Both methods can 
provide a reasonable representation when applied correctly. The split pier and deck polygon 
approach was adopted within the Mapping limit and upstream of this the slightly simpler cross-
sectional average approach was applied. 

The more detailed approach was adopted within the Mapping Limit as it provided a good match 
to Bradley with the added advantage of a more realistic flow and velocity distribution within the 
bridge leading to more confidence in the representation of effects such as pier shielding and the 
understanding of scour potential. Although it was found that for pier losses the best 
representation (relative to Bradley) was achieved using both FLC and blockage factors 
(consistent with Vienot, Sexton and McNulty 2011 and contrary to TUFLOW 2013) this finding 
may not be universal or significant since, for most bridges, a low blockage factor is typically 
applied. 



Section 13.1 of Bradley reviews the applicability of the Bradley relationships, several of these 
numbered points can be related to the current context, sometimes directly and sometimes with a 
little extrapolation.  Some of the more relevant aspects are briefly discussed below: 

 Point 1 states that the method of computing backwater is intended to be used for relatively 
straight reaches.  While the Lower Yarra River does meander this characteristic is relatively 
true. 

 Point 10 in Section 13.1 of Bradley essentially states that the method is valid for multiple 
bridges (hydraulically parallel waterway openings) provided that the flow is properly divided 
between bridges.  While it is a leap to extend this concept to individual cells the logic is 
somewhat consistent and supported by our testing and that of Vienot, Sexton and McNulty 
2011.  

 

2.3 Application of Form Loss Coefficients (FLC) in TUFLOW 

As of version 2016-03 AA released on April 4th 2016, TUFLOW provides two methods with 
which to apply an FLC within layered flow constrictions, the ‘Cumulate’ method and the ‘Portion’ 
method.   

 The ‘Cumulate’ method, which was the only method available in TUFLOW prior to version 
2016, effectively sums the FLC of each layer depending on the depth of water within each 
layer relative to the depth of that layer as shown in Equation 1.  This method works well for 
low flows but fails to reduce the effective FLC when a structure becomes significantly 
drowned out. 

 To address this limitation the ‘Portion’ method was developed (and is now the default in 
TUFLOW).  It effectively calculates a depth weighted average FLC as shown in Equation 2.  

 

Equation 1 'Cumulate' equation 

 

 

Equation 2 'Portion' equation 

 

 







2. The ‘Required FLC’ values that would achieve the ‘Target FLC’ values were next 
determined. The calculation of these required the average depth beneath each polygon to 
be determined as an input into the ‘Portion’ equation, with the ‘Required FLC’ of each layer 
then back-calculated by rearranging the ‘Portion’ equation. The ‘Portion’ equation is 
reproduced below. 

 

3. The ‘Applied FLC’ values that were input into the layered flow constriction shape attributes 
were then derived. These were calculated by dividing the ‘Required FLC’ values by the 
product of the number of cell sides in the direction of flow of the deck/pier polygon and the 
cell size (i.e. attaining the FLC per metre in the direction of flow along the bridge over as 
many cells as the number of cell sides crossed by the polygon in the direction of flow).  

  



3. Summary 

Due to the hydraulic importance of bridge structures for the Lower Yarra model, a refined bridge 
modelling approach has been applied to represent the bridges crossing the Lower Yarra River. 
This approach is considered an improvement on the more traditional bridge modelling 
approaches and as such has been adopted for all bridges crossing the Lower Yarra River that 
may be intercepted by flood waters at the deck level (and as such require FLC adjustment). 
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Appendix E – Flood Maps 

Content 

Figure E1 Model Terrain 

Figure E2 Flood Extents, Base Case 

Figure E3 Flood Extents, Climate Change 1 

Figure E4 Flood Extents, Climate Change 2 

Figure E5 Flood Extents, Climate Change 3 

Figure E6 Peak WSL, 100y ARI (Base Case) 

Figure E7 Peak WSL, 100y ARI (Climate Change 1) 

Figure E8 Peak WSL, 100y ARI (Climate Change 2) 

Figure E9 Peak WSL, 100y ARI (Climate Change 3) 

Figure E10 Peak WSL, 50y ARI (Base Case) 

Figure E11 Peak WSL, 20y ARI (Base Case) 

Figure E12 Peak WSL, 20y ARI (Climate Change 2) 

Figure E13 Peak WSL, 10y ARI (Base Case) 

Figure E14 Peak WSL, 10y ARI (Climate Change 2) 

Figure E15 Peak WSL, 10y ARI (Climate Change 3) 

Figure E16 Peak WSL, 5y ARI (Base Case) 

Figure E17 Peak WSL, 5y ARI (Climate Change 2) 

Figure E18 Peak WSL, 5y ARI (Climate Change 3) 

Figure E19, Peak Depth, 100y ARI (Base Case) 

Figure E20, Peak Depth, 100y ARI (Climate Change 1) 

Figure E21, Peak Depth, 100y ARI (Climate Change 2) 

Figure E22, Peak Depth, 100y ARI (Climate Change 3) 

Figure E23, Peak Depth, 50y ARI (Base Case) 

Figure E24, Peak Depth, 20y ARI (Base Case) 

Figure E25, Peak Depth, 20y ARI (Climate Change 2) 

Figure E26, Peak Depth, 10y ARI (Base Case) 

Figure E27 Peak Depth, 10y ARI (Climate Change 2) 

Figure E28 Peak Depth, 10y ARI (Climate Change 3) 

Figure E29 Peak Depth, 5y ARI (Base Case) 

Figure E30 Peak Depth, 5y ARI (Climate Change 2) 

Figure E31 Peak Depth, 5y ARI (Climate Change 3) 
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